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INTRODUCTION 

Salem is the third largest city in Oregon, and de
velopment in the Salem Hills area is expected to con

tinue to ac"Celerate. Policy makers, planners, engi

neers, owners, and many others have both an interest 

in and a responsibility for identifying and evaluating 

natural hazards in developed and to-be-developed 
areas. Relative hazard maps are one of the vital tools 

in making realistic judgements regarding land use, 

development, and public-safety decisions. 

The goal of this project was to produce hazard 

maps for earthquake-induced slope instability, suit

able to serve as aids to both specialists and nonspe

cialists in evaluating relative hazards within the 
Salem Hills vicinity. The resulting hazard maps pm
vide a rational basis for evaluating the spatial vari

ability of landslide hazards within the Salem area. 

They are intended to help guide regional decisions 
by planners, emergency management officials, and 

others responsible for planning and implementing 
measures aimed at minimizing potential loss of life 

and property damage from future earthquake events. 

Slope instability hazards are of particular concern 

in the Salem area. Several rainfall-induced slides 

have recently caused damage to development in the 

study region. Also, as population growth has ex
panded the city boundaries, new development has 

spread into the marginal, steeper areas south of 
downtown Salem. Extensive portions of the Salem 

Hills vicinity, particularly along the north and west 
flanks, are characterized by jumbled, "hummocky" 

terrain resulting from major historical landslide 
events. These features are a noteworthy reminder 

Oregon 

Figure 1. Vicinity map of the Salem Hills study area 
(black square). 

that this area has been unstable in the past and that 

portions will inevitably move again in the future. 
To address the hazard in both developed and as 

yet undeveloped areas, we applied scientific and en

gineering methods of slope stability analysis that use 

Geographic Information System (GIS) tools. The cal
culations were performed on the basis of a 10-m x 10-
m grid spacing, and the final hazard maps depict 

zones of Very Low, Low, Moderate, and High potential 
for earth_quake-induced slope instability. 

While this paper describes the applied methodolo
gy mainly in reference to the Salem Hills, it has equal 

significance for the companion project of hazard 
mapping for earthquake-induced slope instability in 
the eastern portion of the Eola Hills in West Salem, 

Polk County. 

PREVIOUS WORK 

This project builds upon previous earthquake haz

ard mapping in the Salem area by the Oregon Depart

ment of Geology and Mineral Industries ~AMI) in 
1996 (Wang and Leonard, 1996). The Wang and 

Leonard analysis included an evaluation of ground 
shaking amplification, landslide, and liquefaction haz
ards in the Salem East and Salem We!it 'Jlh-minute 

quadrangles. Those quadrangles include the northern 

portion of the region evaluated in this new study. 
The landslide hazard categories in the Wang and 

Leonard project were purely a function of calculated 

slope angles. ln addition to expanding the geographic 
area mapped , this present study bolsters the slope sta

bility portion of their analysis by augmenting topo
graphic data with soil-property and other physical 

data to further differentiate areas of relative hazard 
within the critical Salem Hills vicinity. 

In addition to expanding mapping efforts in the 
Salem region, the seismic slope stability analysis in 

this study further refines a methodology recently de-
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veloped by David Keefer of the U.S. Geological Sur

vey (USGS) and Yumei Wang of DOGAMI (Keefer 

and Wang, 1997). Their methodology is specifically 

intended for implementation within a GIS and uti

lizes common methods for scientific and engineering 

analysis of slope stability. The Kiefer and Wang 

methodology was applied initially to a portion of the 

Eugene-Springfield, Lane County, metropolitan area, 

later to the entire metropolitan area (Wang and oth

ers, 1998; Black and others, 2000). This Salem study is 

the second project based on that methodology. 

1his mapping effort for earthquake-induced land

slide hazards is part of a larger effort addressing 

slope hazards in the Salem area. A complementary 

part of the project was to evaluate rainfall-induced 

landslide hazards in the Salem area. Results have 

been published as DOGAMI Interpretive Map Series 

maps IMS-5 and IMS-6 (Harvey and Peterson, 1998 

and 2000). They consist of generalized hazard maps 

depicting relative hazard .zones graded from 1 to 6 

(low to high susceptibility) and associated texts out

lining development recommendations for each zone. 

The study region (Salem Hills) used for the pre

sent study of earthquake-induced slope instability in

cludes the areas analyzed for rainfall-induced land

slide hazards. The two map projects together will 

serve as useful complements for evaluating critical 

hazard areas in the Salem vicinity. 

PROJECT OBJECTIVES 

Public and private agencies that create regional haz

ard maps can benefit from the use of a standardized 

regional hazard mapping methodology. The method

ology should be uniform, yet flexible enough to re

main appropriate for, and verifiable across, vast and 

geographically diverse regions. The ideal is to produce 

the most accurate maps possible (that is, the best pre

dictors of high-risk versus low-risk areas) in the least 

amount of time and at the lowest cost. 

The Keefer and Wang (1997) methodology was cho

sen as the most promising current tool for evaluating 

slope stability hazards on a regional scale. 1his Salem 

study area includes some challenging and complex ge

ologic conditions and provides a unique opportunity 

to test that methodology. Field evaluation by David 

Keefer, Yumei Wang, consulting geologist Robert 

Murray, and this author in March 1998 confirmed both 

the geologic complexity and the geographic impor

tance of the study region. 

Within this framework, this project had three com

plementary objectives: 

1. To create an accurate and representative hazard 

map of earthquake-induced slope instability for the 

vicinity of the Salem Hills. 

2. To implement and evaluate the Keefer and Wang 

(1997) methodology for assessing regional earthquake

induced slope instability, using GIS tools; and to refine 

the method, where applicable, for subsequent regional 

mapping efforts in Oregon and elsewhere. 

3. To apply good engineering judgment in employ

ing the most rigorous method the data can support, 

balancing time and economic constraints. 

SALEM STUDY AREA 

Geographic setting 

Figure 1 is a map showing the location of the study 

area, and Figure 2 shows some of the local political 

boundaries. The Willamette River separates Polk 

County on the west from Marion County on the east. 

TI1e study region is approximately 13.5 km (8.4 mi) 

north/south by 12.3 km (7.6 mi) eastjwest and in

cludes the southwestern portion of the Salem urban 

growth area. The topography is predominately flat in 

the low-lying alluvial plains in the western portion of 

the study area, with moderate to steep slopes in the 

Salem Hills area to the east. Elevations range from ap

proximatt!Iy 38 m (125 ft) along the banks of the 

Willamette River to 345 m (1,130 ft) in the Salem Hills. 

Geologic setting 

The study area lies in the central portion of the 

Willamette Valley, an approximately 200-km-long, 

north/south-oriented structural basin separating the 

Coast Range to the west from the Cascade Range to 

the east. The basement material in the central portion 
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of the Willamette Valley is a mixture of extruc;ive 

basaltic rocks and sedimentary marine depO!>it!. of 

early Focene age. This material i!t um:unfurmably over

lain by mterfingered marine and nonmartne volcani

clastic c;ed1mentary rocks and Columbia River basalt. 

In the Villlcys ilnd streilm dramages, these bedrock de

po!>its arc covered by alluvial deposits that range in 

age from Pliocene tu Holocene. A surficial geology 

m.1p i!> !thown in Figure 3 and i<; accompanied by 

I able 1 which list!. the types of geologic material mod

d~d in th~ :.tudy. Detailed descriptions of geologic 

rock umts from Bela (1981) are included in Appendix A. 

Other geologic mapping and unit dec;criptions can be 
found in 'v1c0owell (1991), Bums and others (1992), 

Crcnna and others (1994), and Wang and Leonard 

(1996). 
Extensive portions of the west and south sides of 

the Sdlem Hills are mapped a!> " landslide topography" 

by Bela (1981) The landshde terratn 1s distinguished 

by weathered headscarps, hummocky topography, 

mixed geologic materials, translated blocks of bell10\.k, 

interspersed sag ponds, ilnd compll'x drainilgl' pat

terns. fhe upslope topography of the eastern portion 

of the study area is marked by more regular topogra 

phy and drainage patterns. 

Seismic setting 

The Willamette Valley ic; located appro,omately 150 

km mland from the Cascad1a subduction zone, a con-

Wollamona 

:i 

vergent plate boundilry where the juan de Fuca plate 

i!t being subductcd beneath the orth American plate 

(see Figure 4). Similar environm<.'nts e'<ist off the coasts 

of japan, 'v1exrco, Alaska, and Chill', where the largest 

recorded historical earthquakes have occurred. Three 

potential earthq uake source:. ilrC a~~oc1atcd w1th col

lid ing tecton.ic plates: subduction Lone, intraplate, and 

crustal events. 

In the Pacific Northwest, as in other s1milar settings, 

there is a great deal of uncertamty m estimating the 

Si£e and location of future carthquakN because the 

events are infrequent and thl' mN"h;mic;mc; are not 

fully under!>tood. Ba!ted on our current understandin~ 

however, we estimated probable magmtude (\11) and 

source-to-site distance (R) for !tubduction, mtraplatc, 

and crustal sources that wultl affett the !>tudy area. 

Subduct ton zo11e enrtl1qun/..t:. 

Subduction zone earthquakes occur along the mter

face between the overriding North Amenciln plate and 

the subducted juan de fuca plate. The largc:,t earth

quakes ever recorded, the 1960 Chilean (M 9.5) and the 

1964 Great Ala ka (M 9 2) earthqudkes, were subduc

tion zone events (Kanamon, 1977). Based on geologtc 

evidence gathered pnmanly m the Puget Sound re

gion (Atwater, 1988), along w1th comparisons to simi

lar geological <;pttingc; in othl'r parte; of the world, it is 

generally accepted that there is a real threat of a large 

subduction zone earthquake along the Cascadia mar-

oauas Silverton 

Polk County 

" St;!Vton 

Figure 2. OuUine of local poli tical boundiJries for the Salem Hills study area. 
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Geologic Units 

• be 
• Qal 
• Qlg 
• Qth 
• Qtlb 
miTJ Qtlt 
[] Qtlw 
0 Qtm 
0 Tcr 
~Toe 

0 0 .5 1 miles ......... _ 
Figure 3. Surficial geology map (adapted from Bela, 1981). 

gin. Published estimates range from moment magni

tude Mw = 8.0 to Mw > 9.0, and information regarding 
the location and geometry of the subduction zone in

dicates that source-to-site distances of 60 to 80 km are 

probable (Weaver and Shedlock, 1989). 

Intraplate earthquakes 

Another source of seismicity associated with the 

Cascadia margin are deep events within the subduct
ing Juan de Fuca slab. These earthquakes, referred to 

as intraplate events, are associated with internal de

formation and volume changes due to high tempera

ture and pressure gradients within the earth's crust. 
Several intraplate events have occurred in the Pacific 

Northwest, including the 1949 Olympia earthquake 
(Ms = 7.1), and the 1965 Tacoma-Seattle earthquake 

Table 1. Descriptions for geologic units shown in Figure 
3. Detailed lithologic descriptions from Bela (1981) are in
cluded in Appendix A 

Symbol Unit 

be Basaltic colluvium and/ or landslide debris 

Qal Recent river alluvium 

Qtlw 

Qtlt 

Qtlb 

Qtm 

Qlg 
Qth 

Tcr 

Toe 

Lower terrace deposits of the Willamette River 

Lower tettace deposits of tributary rivers and streams 

(Quaternary) 

Lower terrace deposits of alluvial bottomlands 

Middle terrace deposits (Quaternary) 

Linn gravel (Quaternary-upper Pleistocene) 

Higher terrace deposits (Quaternary-middle Pleis

tocene) 

Columbia River Basalt Group (Miocene) 

Oligocene-Eocene sedimentary rock (middle and lower 

Oligocene and upper Eocene) 

4 Oregon Department of Geology and Mineral Industries Special Paper 30 



British Columbia 

Oregon 

A 
North American ------------

A Piate 
A 

Figure 4. Schematic of the ColSCad la s ubduction zone ~howing typical location~ for the three types of ear thquake sources 
in the Pacific Northwest: subduction, intraplate, and cru~t.1l. 

\11~ 6.5). Based on h1storical (approximately the 

. t 200 years) seismic records in the Pacific North

·st and on comparisons w1th acbve conver~l'nt 

tic margms tn other parts of the \vorld, estimates 

of ma\lmum magn1tudes assoc1ated w1th intraplate 

events along the Cascad1a margm range from R1chter 

magnitude (~L) 7.0 to 7.5. Models of the location 

and geometry of the plates within the Cascadia sub

duction zone ind icate that minimum focal distances 

of 40 to 60 kilometers are probable (Weaver and 

Shedlock, 1989). 

LocniLm::.lllletlflltquake::. 

The third potential source for cMthquakes in the Pa

cific Northwest 1s assoc1atcd w1th dcformallon wtthin 

the overridmg \lorth Amencan plate. l hese events, 

referred to as crustal earthquakes, occur at shallower 

depths (tvpicalh 10- 20 km) and arc usually associat

ed with fault zones within the crust. Scwral crustal 

earthquakes grea ter than magnitude 5 h.-.vc oc

curred in the Will.11nette Valley over the last 150 

years (Rott and Wong, 1993), the most recent being 

t he magnitude 5.o Scott \lills earthquake 111 199':\ 

( \1adin and others, 1991) Fshmatcs of the maxt

mum probabll.! magmtude for a crustal event m the 

Salem area range from Richter magni tudL' 5.5 to 6 5 

The focal distance depends on the f.:1ult 70n(' mod

eled, and probable estimates vary con<;idcr.:Jbly. A 

range o f 10 to 25 km is common ly used for seismic 

analysts in tht> S.llt.'m ilrt>a 
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ANALYSIS 

Methodology framework 

The Keefer and Wang (1997) methodology is de
signed for implementation with Geographic Informa

tion System (GIS) applications and uses three different 

methods to evaluate overall earthquake-induced slope 

stability hazard. The purpose in separating the analy
sis into three distinct facets is to account for the range 

of commonly observed modes of slope failure in earth

quake events. 

Empirical observation of earthquake-induced land

slides has shown that steep slopes (generally rock) 

tend to fail as rock falls, rock slides, and debris slides 

(Keefer, 1984). Moderate slopes (generally soil) most 

often fail as translational block slides and rotational 

slumps (Keefer, 1984). For more gently sloping topog
raphy, the soil and rock slope hazards are usually 

lower, but in regions with saturated granular materi
als, liquefaction-induced lateral spread displacements 

can be significant. 

All three hazards may be present in a regional 

study, and the engineering and scientific methods for 

evaluating rock slopes, soil slopes, and Iate.ral spread 

hazards are quite different. Different methods are se

lected for modeling each of these hazards, taking into 
account technical merit and applicability for regional 

GIS analysis. 

For steep rock slopes, an empirical decision tree de

veloped by Keefer (1993) is used. The method is based 

on the empirical correlation between recorded land

slide concentrations (number of landslides per km2) 

and material p roperties including degree of weather

ing, cementation, fracture spacing and openness, and 

degree of saturation. 

Moderate soil slopes are evaluated using a simpli

fied Newmark sliding block analysis adapted for natu

ral slopes by Jibson {1993). 
For evaluating lateral spread hazard, an empirical 

relationship based on a regression analysis by Bartlett 

and Youd {1995) is used to establish relative hazard 
categories. 

The results from these three methods of analysis are 

combined to create an overall relative slope instability 
hazard map. 

Keefer and Wang (1997) propose using slope group

ings of <5°, 5°-25°, and >25° to select the appropriate 

hazard analysis model. For all geologic deposits with
in the study area other than mapped landslide zones, 

areas with slopes <5° are analyzed for lateral spread 
hazard, areas with slopes from 5° to 25° are evaluated 
based on calculated Newmark displacements, and 

areas with slopes >25° are evaluated using Keefer's 

decision tree. Table 2 summarizes the methods of anal

ysis by slope group. ln the Keefer and Wang (1997) 

methodology, no analytical techniques are applied to 

mapped landslide areas; instead, these areas are as
signed a "very high" hazard rating. 

Modified methodology 

The approach implemented in this study maintains 

the intent of the gentle, moderate, and steep group

ings, but the methodology is slightly modified. 

Changes for the Salem study include: 

1. A six-percent (3.4°) slope value is used to distin

guish between gentle and moderate slope groups, 
rather than the so break used by Keefer and Wang 

(1997). The six-percent value corresponds to the maxi-

Table 2: Summary of hazard analysis methodology by slope group (Mter Keefer and Wang. 1997) 

Gentle slop6 Moderate slopes 

Typical materials Loosely-consolidated sediments Semi-consolidated soils 

Dominant hazard 

Analysis method 

based on 

Liquefaction-induced 

lateral spread 

Regression analysis by 

Bartlett and Youd (1995) 
-----------------------

Soil slides 

Simplified Newmark sliding block 

analysis adapted by )ibson (1993) 

Steep slopes 

Rock 

Rockfalls, rock 

slides and debris slides 

Decision tree analysis by 

Keefer (1993) 
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mum slope used in the regression analysis performed 
by Bartlett and Youd (1995). 

2. The six-percent slope value does not function as a 

strict cut-off between the Bartlett and Youd and sim

plified Newmark analyses. Lateral spread hazards 
may be significant on steeper slopes, particularly 

along cut banks in river and stream channels. There

fore, lateral spread hazard ratings are assigned to all 
susceptible sedimentary deposits, including those with 
calculated slopes of greater than six percent. 

3. The simplified Newmark analysis is used to eval
uate all applicable soil deposits, including some sites 

with less than six-percent slope and some sites with 

>25° slope. 
4. Steep slope cut-off values are incorporated in the 

soil slide portion of the analysis to ensure reasonably 
conservative hazard ratings in steep terrain. 

5. Mapped preexisting landslide areas are assigned 

reduced r~idual strength values and analyzed using 

the simplified Newmark method. Large portions of the 
north and west flanks of the Salem Hills have experi

enced movement in the past. Grouping these regions 
into a uniform high hazard category does not provide 

information on relative hazards within these extensive 
zones and would limit the usefulness of the final haz. 

ard map for planning and other uses. Incorporating a 

strength reduction factor and performing the simpli-

Step 1: 
Select applicable 

areas 

Group A 
Lateral spread analysis 

Rock materials 
<6 percent slope 

fied Newmark method allows the inclusion of other 
parameters, such as slope and material property varia

tions, and differentiation of the relative hazards within 
these important zones. 

These modifications result in dual hazard analyses 

for some slopes, and as a result there is a less obvious 
differentiation between the three modes of slope fail
u.re that are modeled. These changes, however, expand 

the applicability of the methodology and ensure that 

each area is analyzed for all potential hazards that 
may be relevant. Figure 5 presents a schematic flow 
chart of the Keefer and Wang methodology as modi

fied for this study. 
Four general steps are designated on the flow chart. 

The first step outlined is to select the applicable re

gions for each hazard type (lateral spread, soil slide, 
and rock slope). This step involves a consideration of 

the types of materials that are susceptible to each of 
the hazard groups. It also requires an evaluation of the 
best and most appropriate sources of information for 

each method of analysis. After gathering the informa
tion available for the study area, the next general step 
is to assign the corresponding input parameters for 

each of the three analytical techniques and perform the 

analyses. This is typically the most time-consuming 
portion of the method and depends greatly on the na
ture and resolution of the data available within a 

Step 2: 
Estimate region· 
al properties and 
perform analysis 

Magnitude of lateral 
spread displacement 

(Bartlett and Youd, 199S 

Magnitude of Newmark 
displacement 
Oibson, 1993) 

Rock slope decision 
tree susceptibility 

(Keefer, 1993) 

Step 3: 
Select relative 
hazard ratings 

Step 4: 
Select the gov· 

erning hazard at 
each location to 
produce an over-
all hazard map 

Figure 5: Modified method of hazard ratings flow chart. 
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given study region. For this study, a lateral spread 
analysis, using equations developed by Bartlett and 

Youd (Bartlett and Youd, 1995), is performed for all 

Quaternary sedimentary deposits delineated on a sur

ficial geologic map. The soil slide analysis, based on a 
simplified Newmark analysis Qibson, 1993), is per

formed for all soil units contained in databases ob

tained from the Natural Resource Conservation Ser

vice (NRCS). The rock slope analysis, based on the de
cision tree developed by Keefer (Keefer, 1993), is per
formed for all bedrock units on the geologic map with 
calculated slopes >25°. Details on each of these three 

analyses will be provided in following sections. 

The final steps outlined on the flow chart include 

translating the outputs from each analysis into relative 
hazard ratings, then combining the results to generate 

an overall hazard map. These steps require the appli-

eluding Vertical MapperTM, 3D MappsTM, Arc View™, 

and IDRISI (Eastman, 1990, 1993). 

Data availability 

The ability to model and evaluate earthquake

induced hazards in GIS applications is constrained by 
the amount and quality of data that can be economi

cally gathered. The Salem Hills study area was select

ed, in part, because of the range of available and use
able geologic, topographic, and geotechnical data. In 

preparation for and throughout the analysis, various 
data sources were utili7~d. They are summarized 

below, organized by subject. Filled bullets indicate 

that data were available in, or were converted to, digi
tal formats. 

Topographic data 

cation of good professional judgement and depend to • 1:24,000-scale USGS 7lh-rninute topographic map 

series (10-ft contour interval) some extent on the particulars of the region that is an-

alyzed. For this study, the three hazard types are first • DOGAM110-m Digital Elevation Model 
evaluated as separate data layers and then combined • USGS 30-m Digital Elevation Models 

(by selecting the governing hazard for each location, 
as discussed later) to create an overall earthquake

induced slope instability map. 

Geographic lnformation System applications 

As mentioned previously, the Keefer and Wang 

(1997) methodology is designed for implementation 
using Geographic Information System (GIS) applica-

Geology/soils 

• 1:24,000-scale DOGAMI geologic map G~18 
o Geologic information in Burns and others (1992), 

McDowell (1991), Crenna and others (1994), and 
Wang and Leonard (1996) 

• U .S. Natural Resource Conservation Service map 
of Polk County (Knezevich, 1982) 

tions. GIS is a category of computer applications that • U .S. Natural Resource Conservation Service map 

of Marion County (Williams, 1972) are specifically designed for working with geographic 
databases and manipulating spatial data. The power of • 

GIS programs lies in that they allow to overlay, com-

bine, and analyze various layers of information accu- o 
rately and efficiently. Most GIS applications also aug-

Oregon Water Resources Department water well 

database 

Borehole and laboratory data collected by 

DOG AMI 
ment spatial capabilities with database management 

and analytical tools. The combination of these tools al
lows for convenient updating and modification of ex

isting spatial databases within one environment. In 
this project, the GIS application MaplnfoTM was used, 

and the modified Keefer and Wang methodology im-

Otlzer sources 

plemented, to produce a relative earthquake-induced 

o U.S. Army Corps of Engineers color infrared 

(CIR) photographs, 1:30,000-scale, taken on 
September 11, 1979 

o Black-and-white aerial photographs, 1:48,000-
scale, taken on April6, 1986 

slope instability hazard map. A number of other appli- o 

cations were used in conjunction with Maplnfo™, in-
Geotechnical consultant reports collected by 
DOG AMI 
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Figure 6. Water well points (filled circles) overlaid on the 
geologic map (Bela, 1981) shown in Figure 3. 

The locations of the water well points within the 

study area are shown in relation to the digitized geo

logic map by Bela (1981) in Figure 6. 

The digitized soils map for the Salem Hills study area, 

derived from the Soil Conservation maps of Marion and 

Polk Counties, is shown in Figure 7. 

As noted in the list under "Data availability" above, 

the geology, soils, and topographic information was 

converted to digital formats. When working with digi

tal spatial information within a GIS, resolution of the 

data is an important consideration. For the topograph

ic data, a Digital Elevation Model (DEM)l with a 10-m 

grid spacing was used. An illustration of the signifi

cance of resolution is shown in Figure 8, where a 10-rn. 

30-m, and an approximately 90-m DEM of the same 

area are shown side by side. The su perimposed arrow 

points out a drainage ditch, which is visible in the 10-m 

DEM but is difficult to distinguish in the 90-m eleva

tion file due to the larger sample spacing. While the 

90-m and 30-m DEMs are USGS products that have 

been produced in digital format for most of the United 

I A OEM is a regularly spaced series of points (a grid) with an eleva
tion value and geographic coordinates (e.g., latitude, longitude) 
stored for each point Grid spacing is the distance between the points. 

States, 10-m DEMs are not as widely available. For the 

Salem study area, DOGAMI funded the creation of a 

10-m DEM from the 10-ft contour interval USGS quad

rangle. A shaded relief map derived from the DOGA

Ml DEM is shown in Figure 9. 

The 10-m DEM formed the basis for the generation 

of a slope map using the GIS program Vertical Map

per.TM The calculated slope values are stored at the 

same grid points as the original DEM data. The slope 

map shown in Figure 10 was the database used for re

porting hazard values. The slope map was overlaid on 

both the geology and soils map layers, and the proper

ties associated with each were assigned to the slope 

grid points. A schematic of the GIS overlay operation 

to create a single database with slope, geology, and 

soils data stored at grid points is shown in Figure 11. 

The subsequent hazard analyses outlined in the fol

lowing sections were performed on this combined 

data file with values stored at a 10-m grid spacing 

throughout the study area. 

Lateral spread analysis 

For modeling lateral spread hazard, a Bartlett and 

Youd (1995) analysis was performed. Lateral spread is 

a liquefaction-related phenomenon, where overlying 

soil deposits move downslope along liquefied zones. 

The movement is gravity driven and occurs when the 

ground shaking reduces the shear strength of a slope to 

below the static shear stress required to maintain equi

librium (Kramer, 1996). The phenomenon of liquefac

tion is explained well by Noson and others (1988): "Lique

faction occurs when saturated sand or silt is shaken vi

olently enough to rearrange its .individual grains. Such 

rearrangement has a tendency to compact the deposit. 

If the intragranular water cannot escape fast enough to 

permit compaction, the load of overlying material and 

structure may be temporarily transferred from the 

grains of sand or silt to the water, and the saturated 

deposit becomes 'quicksand'." 

Loose, uniform, saturated sands are most suscepti

ble to liquefaction flow failures. In general, susceptibil

ity decreases with increasing geologic age, fines con

tent, gradation, particle angularity, density, and over

burden pressure. The amount of displacement that re

sults from liquefaction initiation ranges from slight to 
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Figure 8. Resolution comparison between USeS 1:250,000-scale 
(- 90-m grid spacing), u ses 1:24,000-scale (30-m grid s paci ng), <lnd 
the 10-m OEM used for the Salem II ills study. The arrows mark a 
drainage d itch that s tands out in the 10-m and 30-m OEMS but is 
bare ly vi ~ihl t> in the 1:250,000-scaJe USGS file. 

c;ignificant <Jnd tc; also rela ted to geometric characteris

tic-; c;uch as c;Jopc angle and the presence or absence of 

a free flow path. 

Sever.tl rl:'warcherc; have developed empirical rela
tions hips relating one or more physical parameters to 

liquefaction suo;ceptibility (Hamada and others, 1986; 

Youd and Perkins, 1987; Byrne, 1991; Bilziar and others, 

1992). Bartlett and Youd (1995) developed two empirical 

relationships, usmg a multiple linear regression analy

sis on a nu mber of U.S. and Japanese case histories 

One equation was developed using a ground-slope 

model that is applicable for gently slopmg sttcs, and 

the :.econd equation is based on a free-face model for 

sites near :.teep banks. The L'quations arc ac; followc;· 

Grormd-slope 

log OH = - 15.787 + 1.178 Mw- 0.927log R 0.011 R 
+ 0.429 log S + 0.348 log T15 

+ 1.572 log ( 100 F15)- 0.922 (0!>0) 1 ~ (1) 

Frrr-Jnce 

log IJH = - 16.366 + 1. 178 Mw- 0.927log R- 0.013 R 
+ 0.657 log W + 0.348 log T1~ 
+ 4.5721og (100- Fl';)- 0.922 (050),5 (2) 
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EXPLANATION 

343.9861 

177.9892 

64.9971 
46.0009 

25.9955 

Units: meters 

0 0.5 1 miles 

iO 2 kilometers 

where 

DH 
Mw 
R 

5 

Figure 9. Shaded relief map from the 10-meter OEM used for the Salem Hills study area. 

is the lateral spread displacement in meters, 

the moment magnitude of the earthquake, 

the horizontal distance from the seismic 

energy source in kilometers, 

the ground slope in percent, 

the cumulative thickness of saturated gran

ular layers with Standard Penetration Test 

(SP1) (N1)60 values ~ 15 in meters, 

the average fines content for the granular 

layers comprising T15 in percent, 

Equations 1 and 2 are applicable within a range of 

input parameters as summarized in Table 3 below: 

Table 3. Range of applicable values for Bartlett and Youd 
(1995) equations 1 and 2 

Input parameter 

Magnitude 

Thickne!is of loaoie layer 

Fines content 

Mean grain size 

Ground slope 

Free-face rabo 

RAnge of va.lues 

6.0 < Mw < 8.0 

0.3 m < T15 < 12 m 

0% < Fts < 50% 

0.1 mm < (050).s < 1.0 mm 

0.1% < s < 6% 

1.0% < w < 20% 

Depth to section bottom Depth to bottom of liquefied zone < 15 m 

(Dso)15 the average mean grain size for the granu- The Bartlett and Youd equations (equations 1 and 2) 

are the tools with which relative lateral spread hazard 

ratings were assigned for the Salem study area. From w 

12 

Jar layers comprising T15 in millimeters, and 

the ratio of the height of the free face to the 

horizontal distance between the base of the previous work by DOGAMI in the Salem vicinity, a 

free face and the point of interest in percent. number of geotechnical consultant reports and boring 
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EXPLANATION 

43.85 

21 .01 

7.31 

1.01 

Units: degrees 

""""""""o.s..__,u ... 

Figure 10. Slope map for the Salem Hills study area. 

logs were made available. Of these, 27 boring logs con
tain data on SPT blow count, fines content, and mean 

grain size variation with depth. For each of these bor

ing log profiles, inputs of average T151 F151 (Dsohs val

ues were tabulated. Most of the aiJuvial deposits in the 
Salem vicinity are at the low end of the range for aver

age grain size and at the high end of the range for 

fines content. For all but four of the borehole profiles, 

the average mean grain size of the T15 material was 
s; 0.1 mm, and all but three had average fines contents 

greater than or equal to 50 percent. For these profiles, 

a (Dsohs of 0.1 mm and an F15 of 50 percent were con

servatively assumed, in order to stay within the limits 

of the equation. 

Given the sparse distribution of the boring log data 

points, it was determined that the liquefaction hazard 

should be aggregated based on the geologic map poly-

gons. From an evaluation of Figure 7 versus Figures 3 

or 6, it can be seen that the level of detail of the soils 

map is much greater than that of the geologic map. 

The limited number of borehole logs was not consid
ered to be adequate to support the higher level of de

tail, thus each borehole log was grouped on the basis 

of the corresponding geologic map unit. After assign

ing Bartlett and Youd (1995) input parameters and 
grouping the boreholes by geologic material type, we 

used equations 1 and 2 to evaluate the range of aver
age displacement values for a number of scenarios. 

Because the T151 F151 and (D50h5 values were fixed 
from the profiles, the relative relationship between the 
geologic units did not change for different earthquake 

scenarios. Several scenarios were run instead to deter

mine the magnitude of displacements that could be ex

pected in the area. Results for two sample earthquake 
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Figure 11 : Schemat ic 
of the CIS overlay opera
tion to create a single database 

Database with slope and material properties 
,..,. ......... 1-. .. !coe. ....... ! ..... ,, ..... .. _,~ .... 19!!':!e! , ... ,.. 

-----;-· 2aaa.~ •-~»t »NI 22 .. .. 
:a 

with s lope geology and soils data 
s tored at grid points with 10-meter 
spacing. 

Soils layer 

events. a Mw = 6.5 at 20 km and a Mw = 8 at 70 km, 

are shown in Table-t These two events correspond to 

reasonable potential source parameters discussed 

above, in the section "Seismic setting." The Bartlett 

and Youd displ.:~cements for eilch event were calculat· 

ed using a number of slope (S) and free-filce ratio (W) 

combinations. Displacemenn. for hypothetical !>lope 

values of 1 percent and 6 percent in the ground-slope 

model, and a free-face ratio of 20 percent in the free

face model arc included in Table 4. 

It is apparent that there is a separation in the data 

between unit Qal and the others. 1 he value!. of calcu

lated Barlett and Youd d isplacements are 011 the order 

of 6 to 51 em for Qat, and 0.8 to IS em for the other 

Quaternary deposits. Qal represen ts " recent river <lllu

vium," which is the youngest deposit in the study 

area, and is composed primarily of unconsolidated 

granular materials on the banks of the Willamette 

River. The other Quaternary sed imentary deposits in 

the study area are older and generally more compact

ed and typically have a high fines content. A>::> une 
would £>xp£>ct, th£' calculat£>d displac~?m('n ts for l'ach 

Table 4. Bartlett and Youd (1995) displacements (in em) for a Mw • 6.5 event occurring at R • 20 km and a Mw • 8.0 event 
-urring at R = 70 km for both ground-slope and free-face conditions (using S = 1%, S • 6%, and W"' 20%) 

Mw • 6.5, R • 20 km, using: M" • 8.0, R ,. 70 km, using: 
Ground-slope Free-face Ground-slope Free-face 

Unit s - 1~. s .. 6°10 W = 20"o s "' 1°10 5•6% W • 20"to 

Qlg 084 I S2 159 ''' 7 19 6 29 

Qth 1.81 3.90 HI 7 15 15.43 1351 

Qlm 1 .~6 3.37 :!.95 619 13.35 1169 

QtJw 1.60 3.45 3.02 6.34 13.61! II 9S 

Qat 600 2001 11.3-1 '13.n 51.30 4490 
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Quaternary deposit are significantly higher for steeper 

slopes (seeS= 1% versus S = 6%) and free..face conditions. 

The relative lateral spread hazard ratings selected 

for the Quaternary units account for both the higher 

calculated displacements of Qal and the increase in 

displacement for steeper slopes and/ or free-face con

ditions. Since the data on thickness, fines content, and 

mean grain size were based on such sparse informa

tion, however, it was not considered appropriate to 

calculate Bartlett and Youd displacement on a point

by-point basis within the GIS database. instead, Qua

ternary deposits with slope values <6 percent were as

signed ratings that roughly correspond to Bartlett and 

Youd ground-slope conditions. Based on the range of 

calculated displacements from the borehole data in the 

Salem vicinity, a lateral spread hazard category of 

Moderate was considered to be most appropriate for 

unit Qal; the other Quaternary units were ascribed a 

lateral spread hazard of Lew. For slopes >6 percent, the 

expected displacement values are expected to be sig

nificantly higher. A Moderate hazard rating was con

sidered to still be appropriate for Qal, but the lateral 

spread hazard categories were increased from Low to 

Moderate for the other Quaternary units.2 

Mapped bedrock areas (units Toe and Tcr) with 

slope values <6 percent were considered to have a 

Very Low lateral spread hazard. For areas with slopes 

> 6 percent that were not mapped as Quaternary de

posits, the soil and rock slope analyses were consid

ered to be more appropriate for assigning hazard rat

ings. These areas, therefore, were not evaluated for lat

eral spread hazard. 

The resulting liquefaction-induced lateral spread 

hazard layer is shown in Figure 12. 

Soil slide analysis 

For moderately steep soil slopes, a simplified imple

mentation of the Newmark sliding block analysis 

(Newmark, 1965) was selected to model the relative 

earthquake-induced landslide hazard Oibson, 1993). 

Typical engineering means of evaluating the stability 

2 By comparison, hazard ratings in the Eugene-Springfield s tudy 
area were as!.igned as follows: No tuuard for displacements of 0-1 
an. lmD luwlrd for ctisplacements of 1-10 an. 17Uidtnztt: tuuard for dis
placements of 10-100 an. and high hazard for displacements of >100 
em (Black and others, 2000). 

of soil slopes subjected to seismic loading include the 

pseudostatic approach, Newmark's method, and finite 

element modeling. Newmark's method provides a bal

ance between the pseudostatic analysis, which pro

vides no information on the amount of movement, and 

the more rigorous finite element method. The original 

Newmark method involves evaluating the factor of 

safety of a slope, calculating the critical acceleration at 

which the mass will move, and then obtaining dis

placement by double-integrating a selected time histo

ry of acceleration for portions which exceed the 

threshold acceleration. 

Newmark's model assumes that the landslide mass 

moved as a rigid-plastic body with no internal defor

mation. in addition, the block is assumed to undergo 

plastic deformation along a discrete basal shear sur

face when the critical acceleration is exceeded and to 

undergo 7..ero displacement below the critical accelera

tion Oibson, 1993). These assumptions are most appro

priate for translational, coherent slides (block slides 

and slow earth flows) (Wilson and Keefer, 1985). 

Newmark first introduced the method to estimate 

displacements in dams and embankments. It has sub

sequently been field and laboratory tested in a number 

of ways and has been adapted to more general appli

cations by Wilson and Keefer (1983, 1985), Wieczorek 

and others (1985), Jibson (1993, 1996), and Jibson and 

Keefer (1993). For regional hazard studies, the selec

tion of appropriate digitized strong-motion records 

and the implementation of the double-integration 

steps can be quite difficult and time consuming. Sim

plified models relating one or more parameters to 

Newmark displacement are generally more applicable 

for regional analyses. jibson (1993) outlines one such 

approach ba~ed on an empirical equation relating 

Newmark displacement to critical acceleration and 

Arias intensity. Using strong-motion records with 

Arias Intensities between 0.2 and 10.0 m/s and a range 

of accelerations between 0.02 and 0.40 g, Jibson devel

oped the following equation based on a best fit multi

variate regression analysis: 

log DN = 1.460 log I.- 6.642 ac + 1.546 (3) 
where 

DN is the mean Newmark displa~nttmt in 

centimeters, 
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I a the Arias Intensity in meters per second, and whe.re 

ac the critical acceleration in terms of g, the 

acceleration due to earth's gravity. 

The critical acceleration is calculated using an equa

tion developed by Newmark (1965) related to the stat

ic factor of safety and landslide geometry: 

ac = (FS -1) sin a (4) 

where 

FS 

is the critical acceleration in terms of g, 

the static factor of safety, and 

a the thrust angle (equivalent to the slope 

angle for a planar slip surface parallel to 

the slope as in an infinite slope model) 

The Arias Intensity can be estimated using a rela

tionship developed by Wilson and Keefer (1985): 

log 111 = M - 2 log R - 4.1 (5) 

Id is the Arias Intensity in meters per second, 

M the moment magnitude of the design earth

quake, and 

R the earthquake source-to-site distance in 

kilometers 

To implement the Jibson method, three main inputs 

are required. Earthquake source characteristics are 

necessary to determine the Arias Intensity, and materi

al and geometric properties are necessary to calculate 
the static factor of safety and critical acceleration. 

For the Salem study area, rather than postulate a 

specific event with magnitude and source-to-site dis

tance, a uniform Arias Intensity of 2.5 m/ s was as

sumed. The use of a uniform value does not incorpo

rate potential variations due to travel path, topograph

ic and material amplification, directivity and other ef-

D D.5 

EXPLANATION 

HAZARD RATINGS 

I HIGH 

I MODERATE 

0 LOW 

0 VERYLOW 

Other Symbols 

1-- Lakes. R1vers. and Streams 

Sludy Area Boundary 

Roads 

Rarlroad TrackS 

o.__-._.2 Klbnt~rs 

Figure 12. Liquefaction-induced lateral spread hazard layer for the Salem Hills study area. 
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fects. The uncertainty in modeling the influence of 

these phenomena is large, and the u se of a uniform in

tensity value ensures that the relative hazard between 

locations is instead distinguished by the material and 

geometric properties. The specific Arias Intensity 

value of 2.5 m/ s corresponds to reasonable estimates 

of local seismic sources discussed in the section "Seis

mic setting." According tu ~uatiun 5, an Arias Inten

sity of 2.5 m/ s could represent any of the following 

magnitude and source-to-site distance combinations: 

M 8.5 at 100 km, M 8 at 56 km, M 7.5 at 32 km, M 7 at 

18 km, M 6.5 at 10 km, or M 6 at 6 km. The value of 

2.5 m/ s is also consistent with the analysis performed 

for the Eugene-Springfield case study (Black and oth

ers, 2000). 

While the Arias Intensity was held constant, critical 

acceleration values (based on the static factor of safety 

and thrust angle) vary throughout the study area. The 

calculation of the static factor of safety, therefore, pro

vides the basis for the assignment of relative hazard 

ratings. A number of factors had to be determined 

and/ or assumed to calculate the factor of safety. First 

and foremost, the choice of the type of landslide mech

anism (e.g., deep-seated rotational failure versus shal

low, translational displacement) drives the type of en

gineering slope stability analysis to be performed (e.g., 

method of slices versus infinite slope). Based on dis

cussions with professional engineers who work in the 

area, it was determined that modeling relatively shal

low, translational sliding is most appropriate for this 

study. There is a mix of potential failure modes in the 

Salem Hills, but most of the recent rainfall-induced 

failures in the Salem Hills have been predominately 

characterized by translational movement. In addition, 

the use of the translational model throughout the 

study area, rather than mixing failure mechanisms, en

sures that the comparison and evaluation of relative 

hazards between individual sites is consistent. Thus, 

the analysis was performed as the equivalent of a site

specific infinite slope analysis at 10-m grid spacing 

throughout the study area. 

The infinite slope stability model assumes a soil 

layer of constant thickness overlying a planar basal 

failure surface. A n u mber of forms of the factor of 

safety equation arc available, depending on conditions 

assumed. For the Salem area, seepage parallel to the 

slope was assumed.3 

The particular static factor of safety equation used 

for the infinite slope analysis is the following: 

c + cr' cos (9) tan(~) 
FS = cr sin (9) (6) 

where 

c is the soil cohesion, 

o' the effective normal stress, 

9 the slope angle, 

~ the soil friction angle, and 

cr the total normal stress. 

The factor of safety calculation thus requires inputs 

of slope angle, depth to the failure plane (• thickness 

of soil mass), unit weights for each soil layer, depth to 

ground water table, and strength properties (cohesion 

and friction angle) along the basal failure surface. 

Slope angles were obtained from the slope map. The 

values of the other parameters were grouped accord

ing to the soil unit boundaries. The soils layer was se

lected over the geology coverage because the level of 

detail of the polygons is more defined (see Figure 6 

versus Figures 3 or 5), and because several useful engi

neering properties are contained in the Natural Re

sources Conservation Service (NRCS) database 

(Williams, 1972; and Knezevich, 1982). 

Among other properties, the NRCS database in

dudes laboratory information on Unified Soil Oassifi

cation System (USCS) classification, bulk densities, liq

uid limits, plasticity indices, clay contents, and aver

age thickness values for each layer. For each unit (con

sisting of multiple layers), depth to seasonal high 

water table and depth to bedrock are also given if en

countered in subsurface exploration. These NRCS data 

provided the basis for assigning the properties used to 

compute the total and effective stresses for each soil 

unit. A number of assumptions were made in translat

ing the available NRCS database material as follows: 

Depth to failure plane: The failure plane was assumed 

to be at the soil-bedrock interface if tabulated in the 

3 The central Willamette Valley has an extended wet season with an 
average annual rainfall of approximately 40 in. and an average of 
145 rainy days (precipitation >0.01 in.) per year (Oregon State di
mate Servire). 
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NRC:S database. If bedrock was not encountered in the 

depth of the survey, failure was assumed to occur at a 
depth of 2.74 m (9 ft), based on field observations and 

recommendations from local practicing engineers. 
Thickness of soil units: The upper and lower depths 

of each layer are given for the soil units. For units 
where bedrock was not encountered, the thickness of 
the bottom layer is listed as">" (greater than) the 

depth of the survey. For these units, the properties of 
the lowest reported layer were assumed to extend to 

the depth of the failure plane. 
Density: The soil survey reports provide a range of 

"moist bulk density." These values are derived from 

laboratory measurements of "field" moisture contents 
on samples generally collected during the dry summer 

months (U.S. Department of Agriculture [USDA], 

1996). Since the measurements are likely to represent 

dry or nearly dry samples, the average of the "moist 
bulk density" range was assumed to represent the dry 
density of the sample. This assumption was imple

mented in the Eugene-Springfield study, and the dry 
density values assigned in the Salem study area close

ly match values contained in geotechnical consultant 

reports collected in the vicinity by DOGAMI. 

Unit weight: The unit weights were calculated based 
on 90-percent saturation, consistent with other as

sumptions of "wet'' conditions throughout the analy

sis. 

Depth to water table: "Depth to seasonal high water 

table" values are given in the soil survey reports. If the 

tabulated value was below the failure plane, it was de

faulted to the failure depth for subsequent data verifi

cation purposes. In these cases, total and effective 

stresses are equal. 

The tabulated depths, unit weights, and depth to 

ground water table values used to compute the total 

and effective stress for each soil unit are given in Ap

pendix B. 

In order to evaluate factors of safety, strength prop

erties were also assigned to each unit. The soil survey 

reports contain Unified Soil Classification System 

(USC:S) designations and ranges of plasticity-index 
values for each unit. A number of empirical correla

tions can be found in the literature for estimating 

drained strength parameters based on uses classifica

tions (USDA, 1994) and plasticity index (Holtz and Ko
vacs, 1981; Hammond and others, 1992; USDA, 1994). 

During earthquakes, however, cohesive geotechnical 

materials generally exhibit undrained behavior, as ex

cess pore pressure is unable to dissipate during rapid 

cyclic loading. For the purposes of assigning strength 
values to the soil units, therefore, granular and cohe

sive materials were separated. This was done based on 

USC:S classification: Sands and gravels (SM, SW, GM, 

GW) were assumed to exhibit drained (c', $') behavior, 

while all others were assigned undrained (c, ch=O) 
strength parameters. 

The effective friction angles for granular materials 

(SM, SW, GM, GW) were assigned based on correla

tions between effective friction angle and uses soil 
type. The ranges that were used are shown in Table 5. 
The range represents a spread of relative densities 

(higher D,, higher $), and specific values assumed for 

the NRC:S units were scaled within the range based on 

high and low density values. To account for the high 

fines content present in most of the granular materi.als 

in the study area, low effective cohesion values were 

also assumed. For units with average clay contents 
<30 percent, an effective cohesion value of 2.4 kPa (50 

psf) was assumed. For units with day contents >30 
percent, an effective cohesion value of 4.8 kPa (100 psf) 

was assumed. 
Neither root strength nor the effect of tree sur

charge was specifically included in the assignment of 
unit properties, but the addition of these effective co

hesion values may be considered to compensate par
tially for root strength. 

Table 5. Range of assigned effective friction angles for 
granular units 

uses dassificiltion 

GW 

GP, GM,GC 

SW 

SP,SM,SC 

Effective friction angle (f) in de~ 

36-40 

35-39 

33-38 

32-36 

For cohesive materials, the total (undrained) cohe

sion values were assigned based on laboratory data 
collected from geotechnical consulting reports in the 

18 Oregon Department of Geology and Mineral Industries Special Paper 30 



Salem area. Silts (MH, ML) were considered cohesive 

materials for the purpose of assigning strength param

eters.4 The range of undrained cohesion values from 

unconsolidated-undrained (UU) triaxial and other 

strength test data was significant for the various mate

rials: from 28.7 kPa (600 psf) to 134.1 kPa (2,800 psf) 

for silts, and from 22.5 kPa (470 psf) to 80.0 kPa (1,670 

psf) for clays. Given the large spread in the data and 

the absence of clearly defined breaks, a uniform cohe

sion value of 28.7 kPa (600 psf) was assigned to silts 

(ML and MH) as well as to low-plasticity clays (CL). 

For high plasticity clays (CH), a lower cohesion value 

of 22.5 kPa (470 psf) was assumed. 

Substantial portions of the north and wesl flanks of 

the Salem Hills have been mapped as "landslide to

pography." Residual-strength test data on materials 

from these areas indicate significant strength reduc

tions as compared to materials outside the landslide 

zone. To incorporate the reduction in strength from 

previous shearing in mapped landslide areas within 

the study area, a uniform strength reduction of 25 per

cent was used (i.e., residual value= 75 percent of the 

assigned value). The arbitrary 25-percent reduction 

was chosen based on limited laboratory data and on a 

compromise between two laboratory and field verified 

observations: 

1. Laboratory measuremenlc; of residual versus peak 

strength ratios vary considerably but tend to be on the 

order of ¥2 to2!J for typical soil deposits (ferzaghi and 

others, 1996). 

2. Laboratory-based estimates of residual strength 

generally underestimate the shear strength mobilized 

during earthquake loading due to strain-rate depen

dence. Using the low residual strengths can lead to un

realistically high calculated Newmark displacement 

values (Vessely and Cornforth, 1998). 

The selection of the factor of 75 percent was consid

ered reasonable to take into account the loss of 

strength due to previous shearing while not grossly 

overestimating the relative hazard in the mapped his

toric landslide zones. 

Based on the strength and soil property assump

tions, the calculations of the static factors of safety, 

4 Many of the MH and ML deposits in the study area are lateritic 
soils with high day contents (i.e., "clayey sil ts"). 

critical accelerations, and Newmark displacements 

were performed with 10-m grid spacing throughout 

the study area As discussed previously, the soil unit 

properties were assigned to 10-m grid points by over

laying the slope grid on the soils map. The GIS 

database thus contained slope value, total and effec

tive stresses, and strength properties stored at each 

point. With the information stored in separate fields in 

the GlS database, values of FS, nc and DN were calcu

lated using equations 6, 4, and 3, respectively. 

Since the Arias Intensity is held constant for each 

grid cell, the assignment of relative hazard categories 

could be based on any one of the output values (FS, a" 
or DN)· For completeness, however, the values for each 

were computed, and the relative hazard ratings were 

established, based on Newmark displacement (DN) 

values. The actual hazard groups were selected from 

an inspection of a histogram of the calculated displace

ment values for the Salem study area, rather than on 

arbitrary groupings. Most of the data points (88.76 

percent) had DN values <0.1 em and were assigned a 

Newmark hazard of Low; 11.18 percent of the values 

fell within 0.1 to 10 em and were assigned a Newmark 

hazard of Moderate; and 0.06 percent of the cells had 

DN values >10 em and were assigned a Newmark haz

ard of High. 

The computed Newmark displacement values were 

lower than typically calculated for site-specific studies. 

A partial explanation for this is that the slope values 

computed from Digital Elevation Models tend to be 

lower because of the spread in sampling. Periodic spa

tial sampling results in a topographic "smoothing" of 

features. Another contributing factor is the use of rep

resentative, rather than conservative, strength proper

ties. The strength properties were assigned in a sys

tematic way intended to (1) establish reasonable 

strength ranges for materials encountered in the study 

area; and (2) establish relative hazard relationships be

tween the units. In the steps leading to the selection of 

strength values, factor-of-safety calculations were per

formed at various potential slope angles. The tabula

tion of factor-of-safety values for the soil units at a hy

pothetical slope angle of 22.5° is shown as an example 

in Appendix C. Using the strength property assign-
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ments previously discussed, fou.r soil units yield fac

tors of safety of <1, indicating that 22.SO slopes in 

these units would not be expected to be stable. Also 

noteworthy, though, is that the factors of safety for 

several units are very high, all the way up to FS = 14.3 

for unit SCE. Higher factors of safety correspond to 

very low or nil Newmark displacement. 

For soil units with a thin layer (sS ft) of cohesive 

soil over bedrock (e.g., the Steiwer, Hazelair, and Sil

verton units within the study area), the calculated stat

ic factors of safety were particularly high. The uses 
units with relatively thin soil strata over bedrock ex
hibited high factors of safety such that, even on very 

steep slopes, the calculated Newmark displacements 

were minimal. A quick sensitivity study performed for 

the Hazelair soil unit, for example, Indicated that the 

factor of safety is still much greater than 1 (FS = 2.1) at 

a slope angle of 44°, which represents the maximum 

calculated slope in the study area. The critical accelera

tion for the hypothetical slope is 0.75 g, and the corre

sponding Newmark displacement would be nil. 

While these thin soil units may be more stable than 

others in the study area, it was considered that there 

should be physical limits above which steeper slopes 

in the study area be assigned higher slope instability 

hazard ratings. To incorporate reasonable limits into 

the hazard database, arbitrary slope breaks were se

lected above which the hazard ratings are increased. 

These slope breaks do not affect areas that were al

ready given a higher hazard rating but rather ensure 

that steeper slopes do not have anomalous low hazard 

ratings. A summary of the selected slope breaks is 

shown in Table 6. 

For slopes greater than 15° (the upper 2.4 percent of 

the slope values), the hazard category was increased to 

Moderate if it had been assigned a Low hazard rating. A 

total of 0.6 percent of the entries were increased in this 

manner. For areas of mapped landslide topograph y, a 

Table 6. Summ.ary of slope breaks 

Non-landslide 

deposits 

Slope 
(degrees) 

>15 

>20 

Hazard rating 
inc:reue 

Low -~ Moderate 

Moderate ----. High 

Mapped > 10 Low Moderate 

landslide deposits >15 Moderate High 
--~--------------~---

lower cutoff value of 10° was selected. A total of 4.6 

percent of the entries within the landslide areas were 

increased from Low to Moderate by this operation. For 

deposits with slopes >15° for landslide and >20° for 

non-landslide topography, the values were uniformly 

assigned a hazard rating of Higlt. This operation ac

counted for an overriding of 1.5 percent of the New

mark hazard classes. 

For gentle slopes, composed of Quaternary sedi

mentary deposits, the lateral spread analysis was con

sidered to be more appropriate for assigning slope in

stability hazards. Slopes <6 percent and mapped as 

Qal, Qlg, Qth, Qtlb, Qtlt, Qtm, or Qtlw, therefore, were 

not assigned hazard classifications by the simplified 

Newmark method. Similarly, gentle bedrock slopes 

(<6 percent slope) were considered to have minimal 

soil slide hazard and were not assigned soil slide haz

ard ratings. 

The resulting soil slide hazard layer is shown in 

Figure 13. 

Rock slope analysis 

The potential for dynamic rock slope instability was 

analyzed using a method based on field outcrop map

ping developed by Keefer (Keefer, 1993). Rock slope 

hazards are a primary concern, because rock failure 

events often occur suddenly and catastrophically, pos

ing a significant threat for loss of life and extensive 

damage to structures. Rock fall susceptibility can be 

related to factors such as the orientation of bedding 

planes and discontinuities, fracture spacing and open

ness, degree of weathering, hydrologic conditions, and 

material strength properties, to name a few. Some of 

these criteria are more applicable for evaluating re

gional earthquake-induced rock landslide ha7..ards 

than others. Through cataloging and mapping land

slides associated with 24 historical earthquakes, Keefer 

developed a decision tree based on the geologic prop

erties that he found to influence most greatly the rela

tive hazards in steep-slope terrain. A copy of the deci

sion tree is reproduced as Figure 14. The susceptibility 

ratings Extremely high to Low in Figure 14 were select

ed based on emp irical associations between material 

characteristics ami rt!(;orc.lec.llandslide concentrations 

(number of landslides per km2). 
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Figure 13. Soil slide hazard layer for the Salem Hills study area. 
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closely ? 
spaced 

Figure 14. Decision tree for rating the susceptibility of rock slopes to earthquake-Induced landslides (from Keefer, 1993). 
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Keefer's decision tree can be applied to regional 

hazard analyses by reversing the process and correlat

ing field-evaluated outcrop characteristics to landslide 

susceptibility groupings. The first step in the Salem 

study was to evaluate bedrock outcrops and to classify 

them according to the obse.rved degree of weathering, 

strength of induration, openness of fissures, spacing of 

fissures, vegetation, and moisture conditions. 112 sites 

in the Salem Hills were evaluated in late March and 

early April of 1998 by Robert B. Murray, a registered 

geologist hired by DOGAMI for this study. Each of the 

outcrops was grouped by geologic-material type and 

assigned a Keefer (1993) susceptibility class based on 

Figure 14. "Wet:' conditions were assumed in all cases 

for assigning susceptibility classes. 

Only two bedrock geology units, Tcr and Toe, are 

found in the Salem Hills. (One other unit, Bela's [1981] 

Ts, is found in the extreme southwest comer of the 

study area.) Of the 112 sites evaluated, 76 were 

grouped into unit Tcr, 20 were grouped into unit Toe, 

and none were mapped as Ts. On the basis of the 'fer 

and Toe outcrop susceptibility ratings, landslide con

centration values, i.e., number of landslides per square 

kilometer (LS/km2), were calculated using an equation 

developed by Keefer in which observed landslide con

centrations are related to the susceptibility classes 

from Figure 14. The equation is as follows: 

LS/km2 = 32 LS/km2 • (percent Extremely High) 
+ 8 LS/km2 • (percent Very High) 
+ 2 LS/km2 • (percent High)+ 0.5 LS/km2 
• (percent Moderate) + 0.125 LSfkml 
• (percent Low) (7) 

The calculated landslide concentration values for 

each unit in the study area are shown in Table 7. Ts 

has been added to the table based on data gathered for 

a comparable geologic unit in the Eugene-Springfield 

study area. The hazard ratings selected for the three 

units found within the study area are also given in 

Table 7. Steep slope hazard ratings in terms of bed.rocl< 
geology units 

Unit Rode type Landslide concentration Huard rating 

Ta Basalt 22.9 l.Sf lan2 

Toe Marine sedimentary 13.2 l.S/ Icml 

High 

High 

High Ts Sandstone 5.3 l.S/Jan2 

Table 7. These ratings were selected based on consis

tent cutoff values used for the Eugene-Springfield 

study (Black and others, 2000) and a test study con

ducted by Keefer and Wang (1997). For both of these 

projects, geologic units with calculated landslide con

centrations >2 LS/km2 were given a Higlr hazard rat

ing, those with between 1 and 2 LS/km2 were given a 

Moderate rating, and those with <1 LS/km2 were as

signed a Low hazard rating. 

GIS implementation of the rock slope hazards was a 

relatively straightforward, two-step process. The method 

is only applicable for steep slopes (>25°), so the first step 

was to select the higher slope values from the data

base. With the >25° slope values selected, a Higll haz

ard was assigned if the area was mapped as bedrock 

geology units Tcr, Toe, or Ts. Only 0.11 percent of the 

study area is rated High for rock slope hazard. 

The resulting rock slope hazard layer is included as 

Figure 15. 

Combined hazard map 

The overall relative hazard map of earthquake-in

duced slope instability in the Salem Hills is shown in 

Figure 16 and has been published as DOGAMI map 

IMS-17. The map depicts areas of Very Low, Low, Mod

erate, and High hazard and is the combination of the 

lateral spread, soil slide, and steep slope analysis lay

ers. For grid points mapped in more than one layer, 

the higher of the two ratings was selected for the over

all hazard map. This occurred only for grid points 

with >6 percent slope that were evaluated for both soil 

slide and lateral spread hazards. Rock slopes >25° 

were evaluated for both rock slope and soil slide haz

ards, but the ratings are High for both. As one would 

expect, the hazard ratings in the Salem Hills portion of 

the study area are governed primarily by the soil slide 

and the rock slope susceptibility ratings. For the more 

gently sloping alluvial deposits in the low-lying areas, 

the hazard ratings primarily reflect the lateral spread 

hazard ratings. 

The relative nature of the hazard ratings warrants 

highlighting. The zones of Very Low to Higll hazard 

were developed using potential earthquake scenarios 

and include a number of regional assumptions. The 

extent and severity of slope instability that occurs dur-
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Figun 15. Rock slope hazard layer for the Salem Hills study area. 

ing an actual earthquake depends on the size and loca

tion of the event. A hazard rating of High does not 

necessarily mean that a slope will fail in any earth

quake, and a rating of Very Low does not mean that 

there is no potential for movement. In a large earth

quake event, there may, in fact, be instability in Moder-

ate, Low, and Very Low zones as well as High. For small 

earthquakes, there may be only slight damage even in 

High zones. In general, however, one would expect a 

higher percentage of earthquake-induced ground fail

ures in High zones than in the Moderate, Low and Very 

Low zones in any given earthquake event. 

CONCLUSION 

A useful regional mapping methodology utilizes 

computer capability to provide representative results 

in the most efficient manner possible. The Keefer and 

Wang (1997) methodology, modified for this study, is 

one of the most promising approaches available for ac

curately mapping earthquake-induced slope instability 

hazards within reasonable time and cost. The success

ful completion of this study advances DOGAMI's on

going efforts to map hazards in major population 

areas statewide. 

The analysis was performed with the best data 

available and with what were considered to be the 

most appropriate models. Yet, seve.rallirnitations are 

worth noting. These limitations underscore that any 

relative hazard map is generally useful for regional 

applications but should not be used as an alternative 

to site-specific studies in critical areas. 

• While It is possible to check for errors in the GIS 

and database operations, it is not feasible to fully 

verify the original data on which the analysis is 

based. 

• Otanges in input data layers subsequent to the period 
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of mapping, such as advancement of rock quarry 

boundaries, construction of large structures, and 

other land modifications could affect the hazard rat

ings in some areas. Land modification is not expect

ed to be a significant source of error, but it could 

have localized relevance. 

• Geologic material properties are assigned using 

field data with substantial scatter. The most repre

sentative values should be and were selected, but 

geologic materials vary regionally and locally. 

• Features such as the presence of daylighting discon

tinuities, unfavorably dipping bedding planes, seams 

of local weakness, and other local slope stability fac

tors cannot realistically be determined for each cell 

on a regional basis, yet these critical factors may 

govern the slope response in an earthquake event. 

• This methodology focuses on earthquake events 

creating small- to medium-scale Landslide hazards. 

Anomalously large events were not modeled. 

• The 10-m scale of the input elevation file indicates 

that the resolution of the output hazard maps is at 

best 10m and could be lower in some areas. 

While these limitations indicate that the map should 

not serve as a replacement for site-specific studies in 

critical areas, the relative hazard map can, and should, 

serve as a useful tool for estimating the regional im

pact of future earthquake events. Creation of a region

al hazard map is an initial step, which ideally is fol

lowed by hazard mitigation programs that focus ef

forts on the higher risk areas. Realistic evaluations of 

relative hazards are vital for planning and develop

ment purposes, for emergency response management, 

as inputs for damage and loss estimations, and in 

making informed land use decisions. Potential users 

may include public policy makers, land use planners, 

civil engineers, developers, insurance adjusters, public 

safety officials, home owners, and home buyers, to 

name a few. 

The Salem area is growing at a rapid rate; some pre

dict it may soon surpass Eugene to become Oregon's 

second-most populated urban area. In recent years, 

new development has steadily expanded southward, 

and this study covers an area that is likely to experi

ence increased development in the near future. This 

map is intended to be used in conjunction with other 

available resources to make informed regional deci

sions regarding new development, as well as decisions 

regarding retrofit or other mitigation measures to limit 

the loss of life and property damage in future earth

quake events. 
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Unit 

Qal 

Qtlw 

Qtlt 

Qtlb 

Qtm 

28 

APPENDIX A. DETAILED GEOLOGIC UNIT DESCRIPTIONS 
Source: Bela, J.L., 1981. Geologic Map of tire Rickreall and Salem West Quadrangles, Oregon, 

Oregon Department of Geology and Mineral Industries Geological Map Series map GMS-18 

Explanation 

Recent 
river alluvium 

Lower terrace 
deposits of the 

Willamette 
River 

(Quaternary) 

Lower terrace 
deposits of 

tributary rivers 
and streams 
(Quaternary) 

Lower 
terrace 

deposits of 
alluvial 

bottom lands 
(Quaternary) 

Middle 
terrace 

deposits 
(Quaternary) 

Description 

ic units 

Unconsolidated cobbles, coarse gravel, sand, and some silt and clay within active 
channels of Willamete River. Generally 1 5-45 ft thick, consisting of stratified sands 
and well-rounded pebbles, gravels, and cobbles of primarily basaltic and andesitlc 
composition; often overlain by 3- 1 5 ft of light-brown sand and silt overburden. Char
acterized by low relief, point-bar and channel-bar deposits; many areas unvegetated; 
others support dense stands of brush and phreatophytes, such as willows and cotton
woods. Subject to major flooding, critical stream-bank erosion, and lateral channel mi
gration; includes many areas located between 1852 meander line and present channel 
that illustrate possible extent of future changes. 

Unconsolidated to semiconsolidated cobbles, gravel, sand, silt, clay, muck, and organ
ic matter of variable thickness (30-50 ft) on the flood plain and lowland terraces im
mediately above the Recent river alluvium (unit Qal); typically 5- 20 ft of light-brown 
silt and clay or very fine sand overlying 10-45 ft of moderately well-sorted sand and 
locally cemented gravel. Surface topography characterized by a low, undulating, fluvial 
surface with abandoned channels, meander scrolls, oxbow Jakes, and sloughs; subject 
to major and local flooding, some catastrophic channel migration of major scale, 
ponding, and high ground water. Flood-plain soils are predominantly well drained and 
somewhat excessively, drained silty clay loams, silt loams, and sandy Joams; good 
ground-water yields generally of 1 00- 500 gallons per minute. 

Unconsolidated to semiconsolidated gravel, sand, silt, clay, and organic matter gener
ally 1 5-30ft th ick on lowland terraces and flood plains immediately above major trib
utary rivers of the Willamette River. Gravel deposits are very thin to variable in thick
ness, according to tributary drainage source, generally limited to active stream beds 
or former meander channels, and located at or near bed rock beneath 20-30 ft of 
sand, silt, and clay. Somewhat tortuous meandering streams entrenched 1 5-45 ft, 
often flowing on Tertiary sedimentary bedrock or semiconsolidated older valley-fill al
luvium. Surface topography characterized by a low, undulating fluvial surface of swell 
and swale relief, abandoned meander loops, and oxbow lakes; subject to high ground 
water and ponding and major and local flooding; flood-plain soils are predominantly 
well drained and somewhat excessively drained silty clay Joams, silt loams, and sandy 
loams. Some soft, compressible organic soils of low shear strength may occur locally, 
particularly within abandoned channels and oxbows. Major stream-bank erosion com
monly occurs at outer bends of meander loops by shallow earthflow and slump due to 
undercutting. Groundwater yields generally small. 

Flat, moderately to poorly drained areas with soft, organic compressible soils of low 
shear strength locally; characterized by low relief, ponding, and high ground water. 
Deposits typically consist of somewhat stratified very fine sands, silty sandy clays, 
silty clays, and silty clay loams, with slight to moderate plasticity (ML-CL); 4-12 ft 
thick along bottomlands of interior drainages of low, rolling sedimentary bedrock 
units. Deposits locally may represent somewhat thicker accumulations of silt and silty 
clay materials of fluviatile and/or loessal origin derived in part from Willamette Silts. 
Similar deposits along creeks are associated with deposits of units Qtm and Qth and 
are often modified by ditching and fleld drainage for agriculture; typical examples are 
deep (more than 60 in.) clay CCH), silty clay (CH), and silty clay loam (CL or ML) black 
Bashaw clay soils of Baskett Slough (Rickreall quadrangle). Similar thicknesses of red
dish-brown sandy silty material (ML-CH) is basaltic terrain (unit Tcr). 

Semiconsolidated gravel, sand, silt, and clay forming very flat terraces of major extent 
along the Willamette River. Generally 10-30 ft of light-brown silty clay and interbedded 
very fine sand and silt (ML or CL·CH) surficial material; believed primarily related to 
Willamette Silts, including associated glacial erratics consisting of tiny fragments and 
pebbles up to boulders greater than 4 ft in diameter. Soils somewhat poorly drained 

(Continued on nat page) 
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Unit 

Qlg 

Qth 

Tcr 

Explanation 

Linn gravel 
(Quaternary
upper Pleis

tocene) 

Higher 
terrace deposits 

(Quaternary
middle Pleis

tocene) 

Columbia River 
Basalt Group 

(Miocene) 

Description 

and poorly drained silt loams and silty clay loams to moderately well-drained and well
drained silt loams subject to seasonal high ground water and ponding. Sand and 
gravel (GP, SM), where present, usually occur below 30 ft depth; locally more abun
dant near Monmouth-Independence and in the lower part of Ash Creek. Total thick
ness 0-85 ft . but often only 40-50 ft; within Rickreall 7 1/2-minute quadrangle, 15-35g 
ft of brown clay or silt generally occurs above several to 30 ft of gravelly clay, black 
sands, and gravels. Generally small ground-water yields, except near Monmouth-In
dependence, where sand and gravel may yield up to 300 gallons per minute. 

Stratified fine to course fluvial gravels deposited as an alluvial fan In the Stayton-Turn· 
er-Salem areas during an early stage of the Santiam River; of limited extent within the 
map area; uppermost few feet of gravels extensively oxidized and weathered, often 
chalky; thickness ranges from 30-40 ft to possibly as much as 300 ft. Regionally, the 
upper foot or so of gravel Is cemented by an impermeable clay pan locally, which re
stricts drainage. Composition of gravels (mostly basalt, but also andesite, dacite, rhy
olite, quartz, and diorite) essentially uniform. Within map area near Salem, soils are 
well drained and somewhat poorly drained gravelly silt loam and gravelly loam. Exten· 
sively utilized as source of sand and gravel. Good groundwater yields greater than 
1 00 gallons per minute. 

Generally semi consolidated light-brown sand, silt, and clay of variable thickness (3-1 5 
ft) on higher terraces and remnants of old higher terraces adjacent to sedimentary 
bedrock foothills; mantled by moderately well-drained and well-drained silt loam soils. 
Includes colluvium, slope wash, and alluvial fan deposits near sedimentary bedrock 
foothills; deposits thin where transitional with pediments. Material generally similar to 
unit Qtm, particularly in West Salem, containing glacial erratics related to Willamette 
Silt but also some gravelly alluvium. Some higher terrace deposits on west side of 
Salem Hills between Salem and lllahe Hill not shown due to scale. Also includes weath
ered (decomposed) cobbles and gravels which extend beyond the study area west of 
Rickreall (8-1 0 ft thick) and at southeastern margin of Sidney quadrangle (1 0-50? ft 
thick), where they are equivalent to the Leffler gravels of Allison (1953). These de
posits also mantled by 3-1 5 ft of light-brown silt loam and silty clay loam soils. Gen· 
erally little or no groundwater yield. 

Bedrock geologic units 

Medium·gray to black, fine-grained, even-textured to slightly porphyritic basalt; un
weathered flows generally dense, fairly crystalline, exhibiting massive columnar joint
ing near base to diced or hackly j ointing in entablature. Unit consists of weathered 
and unweathered basaltic lava flows with interflow zones characterized by vesicular 
flow-top breccia, ash, and baked soils. Maximum thickness generally ranges 400-600 
ft, with thickness greatly modified by erosion and weathering in many places; lndivld· 
ual flows range from 40 ft to more than 1 00 ft in thickness. 
Formations recognized within the Yakima Basalt Subgroup (M.H. Beeson, oral commu
nication, 1980) Include (1) Grande Ronde Basalt: two to four "low Mg" N2 flows, includ
ing one to two "Winter Water" flow(sl at top (typical exposure at Dairy Queen, West 
Salem); one to two thick "low Mg" flow(s), 1 00-1 50 ft thick, extensively quarried 
throughout map area; one to two flow(s) of "high Mg" N2 basalt, generally deeply 
weathered, occurring above the "Winter Water" flow(s); and (2) a thinner layer of 
younger Wanapum Basalt, represented by one to three flow(s) of the Frenchman 
Springs Member, observed only in Sourth Salem within the study area, although it also 
occurs outside the map area in the vicinity of Turner. 
Weathered flows consist of reddish-brown to grayish-brown, crumbly to medium
dense basalt. Weathering is variable and believed related to individual basalt flows; 
some exposures are altered to red clay (laterite) to depths of 30ft, and occasionally 
as deep as 60-1 75 ft, while others are only slightly weathered at surface. Some loca· 
tions in Salem Hills (generally between 500-900 ft elevations within area bounded by 
Pringle School-Prospect Hill-Jackson Hill) show extensive laterization which has result
ed In deposits of bauxite (Corcoran and Libbey, 1956). Solis are reddish-brown, well
drained silty clay loams and gravelly silty clay loams. Unit yields small to large quanti· 
ties of groundwater from permeable rubbly zones between flows. 

(Continued on next page) 
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Unit 

Toe 

Ts 

be 

LS 

30 

Explanation 
Eocene

Oligocene 
sedimentary 
rock (middle 

and lower 
Oligocene and 
upper Eocene) 

Upper Eocene 
sandstone 

Basaltic 
colluvium 

and/or 
landslide debris 

Landslide 
topography 

Description 
Equivalent to tuffaceous marine sedimentary rocks (unit Tts) of Baldwin and others 
(1955), lllahe tuffs (Tit) of Mundorff (1 939), lllahe Formation (Ti) of Thayer (1939), 
Eocene-Oligocene marine sedimentary rock (Tm) of Price (1967), and undifferentiated 
Tertiary rocks (Tu) of Gonthier (In press [1 983)). Consists of two lithologic and faunal 
units west of Willamette River (Baldwin and others, 1955) but undifferentiated on this 
map due to poor exposures. Older unit light-gray to tan sandy-tuffaceous siltstone 
equivalent in age to early Oligocene Keasey Formation; thickest section near border of 
Amity-Rickreall 7~·minute quadrangles. where approximately 1,000 ft thick; other 
lower Oligocene stata well exposed in Yamhill River near Yamhill locks, where steeply 
dipping and complexly faulted. Younger unit is fine· to coarse·grained tuffaceous 
sandstone equivalent in age to middle Oligocene Pittsburg Bluff Formation; basal stra
tum approximately 1 50 ft of dark-gray, coarse-grained, calcareous cemented lithic 
sandstone, chiefly composed of detrital igneous rock fragments. White, fine-grained, 
massively bedded phase of pumiceous volcanic glass approximately 250ft thick ex
posed for 3 mi along hillside south of Finzer (Salem West quadrangle); good expo· 
sures of pebbly tuff, tuffaceous conglomerate, and fine-grained platy tuff along 
Bunker Hill Road in Sidney 7~·minute quadrangle. 
Tuffaceous marine sandstone and siltstone of Oligocene sedimentary rock correspond 
to Oligocene Eugene Formation described by Hickman (1969), which contains early to 
middle Oligocene molluscan faunas. Recent foraminiferal analyses (McKeel, 1 980) of 
oil and gas wells within the study area indicate unit contains almost 2,000 ft of upper 
Refugian and Refugian strata (Reichhold-Merrlll #1, Sidney quadrangle) and 200-1,000 
ft of basal siltstone, claystone, and shale of late Narizian (provincial West Coast late 
Eocene) age (Reserve-Bruer #1 and Reichhold-Merrill #1 ). 

Equivalent to Helmick beds (unit Thb) of Mundorff (1939) and Spencer (unit Ts) of 
Gonthler (In press [1983)); very fine- to medium-grained, thinly laminated (fissile) to 
thin-bedded, as well as prominently more massive, light-gray to yellowish-brown mod· 
erately well-sorted micaceous, calcareous, lithic arkosic marine (tuffaceous) sandstones; 
frequently interbedded with fine-grained marine tuffaceous siltstone, thinly laminated 
clay shale, and claystone; comprised of almost equal proportions of quartz, feldspar, 
and rock fragments cemented with calcite (in concretions); minor constituents include 
approximately 296 glauconite, 496 mica (biotite, muscovite, and chlorite), and less than 
1% authigenic pyrite; well compacted; carbonaceous material consisting of plant 
stems, leaves, and other organic fragments common; calcareous concretions, fossillf· 
erous or containing carbonaceous material, prominent along Willamette River south of 
Buena Vista (Monmouth quadrangle); pebbly lenses, abundant organic matter, and pa
leoecology indicate strandline environment; provenance from chiefly volcanic terrain. 
Weathered outcrops of massive, very fine· to medium-grained sands, generally friable, 
ranging in color from white to yellowish-brown, pale-brown, or yellowish-orange. 
According to McKeel (1980), this unit is bracketed by upper Narizian strata in the Re· 
ichhold-Finn #1 well (Amity quadrangle), by upper Narizian strata and Narizian in the 
Reserve-Bruer #1 well (Amity quadrangle), and by upper Narizian strata in the Reich
hold-Merrill #1 well (Salem West quadrangle). Average thickness about 800 ft. 

Other units 

Generally reddish-yellow or reddish brown basaltic colluvium and/or landslide debris, 
deeply weathered, overlying Oligocene sedimentary rock (unit Toe), generally within 
landslide topography or beneath steep cliffs capped by Columbia River Basalt Group 
(unit Tcr); includes alluvial fans and some earthflow and debris-flow topography. Prob· 
ably generally 6- 35 ft thick but may include some blocks of basalt of greater thick
ness. Soils well-drained silty clay loams and gravelly silty clay loams overlying silty 
clay and clay. 

Large areas of deer bedrock failure characterized by irregular topography, disrupted 
stratigraphy, overal anomalous moderate to shallow slope, prominent arcuate head
scarps, backward-tilted blocks. springs. sag ponds. and disrupted drainage patterns. 
Most prominent along west side of Salem Hills and south and west side of Eola Hills, 
where undercutting of soft marine sediments (Eocene to Oligocene sedimentary rock, 
unit Toe) has resulted in massive landsliding of blocks of more resistant unit Tcr. Sub
ject to rockfall and debris avalanche along oversteepened escarpments and to slump 
in some areas (bowed and tipped trees). 
Deep bedrock slides within upper Eocene sedimentary rock (unit Ts) within Monmouth 
quadrangle are much smaller than those associated with units Tcr/Toe; characterized 
by small knobby blocks of sedimentary tock within general hummocky terrain. 
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N APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIESt 

County 
ID 

Unit 
ID 

Unit 
Name 

_M_a_r~w-n-C~o-u-n-ty ______________ ___ 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

AbA 

AbA 

AbA 

AbB 

AbB 

AbB 

Ad 
Ad 

Am 
Am 

Am 

Ba 

Ba 

Ba 
CIO 

CLD 

Ca 

Ca 

CeC 
CeC 

Ch 

Ch 

Ck 

Ck 

Ck 

Cm 

Cm 

em 
Co 

Co 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

ALLUVIAL LAND 

ALLUVIAL LAND 

AMITY 

AMITY 

AMITY 

BASHAW 

BASHAW 

BASHAW 

CUM LEY 

CUM LEY 
CAMAS 

CAMAS 

CHEHALEM 

CHEHALEM 

CHEHALIS 

CHEHALIS 

CLACKAMAS 

CLACKAMAS 

CLACKAMAS 

CLOQUATO 

CLOQUATO 

CLOQUATO 

CONCORD 

CONCORD 

Layer 
Number 

2 

3 

1 

2 

3 

2 

1 

2 

3 

2 

3 

1 

2 

2 

2 

2 

2 

3 

I 

2 

3 

2 

layer Layer Clay 
Depth- Depth- Max Content-

Low High Thickness Low 
__ u_scs ________ (c...in-') _____ (c...ln-') ______ c...(m--'-) ("l 

Ml 

CH Cl 

Ml 

ML 

CH Cl 

ML 

Ml 

Cl 

ML 

CH 
CH 

01 

CL ML 

MH 

GM SM 

GP GP-GM 

Ml 

MH 

Cl 

Ml 

GM Ml SM 

CL GC SC 

GC GP-GC 

ML 

Ml 

SM 

Ml 

Cl 

0 

21 

54 

0 

21 

54 

0 

8 

0 

24 

37 

0 

14 

48 

0 

9 

0 

9 

0 

16 

0 

9 

0 

15 

24 

0 

9 

41 

0 

15 

21 

54 

72 

21 

54 

72 

8 

60 

24 

37 

60 

14 

48 

60 

9 

60 

9 

60 

16 

60 

9 

80 

15 

24 

60 

9 

41 

83 
15 

29 

0.53 

0.84 
1.37 

0.53 

0.84 

1.37 

0.20 

2.54 

0.61 

0.33 

1.80 

0.36 

0.86 

1.52 

0.23 

2.51 

0 .23 

2.51 

0 .41 

2.34 

0.23 

2.51 

0.38 

0.23 

2.13 

0.23 

0.81 

1.70 

0.38 

0.36 

27 

35 

30 

27 

35 

30 

15 

27 

10 

55 

55 
50 

27 

40 
5 

0 
20 

35 
30 

25 

18 

27 

27 

5 
5 

5 

20 

35 

Clay 
Content

High 
("! 

40 

50 
45 

40 

50 

45 

25 

35 

25 

70 

70 

70 

35 

55 

10 

5 
~7 

45 
40 

35 
27 

35 
35 

15 

15 

10 

25 

so 

Liquid 
Limit
Low 
("! 

35 

40 
35 

35 

40 

35 

30 

4 0 

30 

70 

70 

60 

35 

50 

25 

so 
40 

35 
25 

35 
35 

20 

20 

0 

30 

40 

Liquid 
Limit 
High-

(") 

40 

55 
50 

40 

55 

50 

-40 

45 

40 

90 

90 

90 

40 

60 

35 

60 

50 

45 

35 

40 
40 

30 

30 

14 

40 

so 

Plasticity Plasticity 
Index- Index-

Low High 

10 

15 

10 

10 

15 

10 

5 

15 

5 

40 

40 

35 

10 

15 

0 

0 

5 

15 

20 

5 

0 

15 

15 

0 

0 

0 

5 

15 

15 

30 

20 

15 

30 

20 

10 

20 

10 

60 

60 

60 

15 

25 

0 

0 

10 

25 

30 

15 

5 

20 

20 

5 

5 

0 

10 

25 

I Unit names and symbols correspond to Williams (1972) and Knezevich (1982). Please refer to the Soil Slide Antilysis section o£ the report for a.n outline of assumptions. This is a comprehen
sive list of units; not all of these are located within the study area. 



0 APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES .., 
II 
10 Moist Bulk Moist Bulk Dry Unit Total Depth to Total Effective Angle of 0 
~ Density- Density-- Dry Bulk Weight Unit Water Normal Normal Internal 

c County Unit Low High Density (S = 90%) Porosity Weight Table Stress Stress Cohesion Friction 
II ID ID (kg/m3) (kg/m3) (kg/m3) (kN/ml) (%) (kN/ml) (In) (kPa) (kPa) (kPa) (degrees) 
"C 
Ill Marion County 
~ 
3 AbA 1.2 1.3 1.25 12.26 52 16.85 
II 

2 AbA 1.2 1.3 1.25 12.26 52 16.85 ~ ... 
0 ..... 3 AbA 1.2 1.4 1.30 12.75 52 17.34 108 46.91 46.91 28.73 0 

" 4 AbB 1.2 1.3 1.25 12.26 52 16.85 

~ s AbB 1.2 1.3 1.25 12.26 52 16.85 
0 6 AbB 1.2 1.4 1.30 12.7 5 52 17.34 108 46.91 46.91 28.73 0 10 
"< 7 Ad 1.40 13.73 31 13.73 
Ill 
~ B Ad 1.45 14.22 31 14.22 108 38.92 38.92 2.39 35 a. 
~ 9 Am 1.2 1.45 1.33 13.00 45 16.97 
~ 
II 10 Am 1.2 1.4 1.30 12.75 52 17.34 .., 

11 Am 1.2 1.45 1.33 13.00 45 16.97 8 46.68 21.76 28.73 0 ~ 

~ 12 Ba 1.1 1.3 1.20 11.77 52 16.36 
a. 

13 Ba 1.1 1.3 1.20 11.77 52 16.36 c 
II\ 

18.72 22.50 0 ... 14 Ba 1.1 1.3 1.20 11.77 52 16.36 3 44.89 
::l. 
II 
II\ 15 CLD 1.2 1.4 1.30 12.75 52 17.34 
VI 16 CLD 1.3 1.4 1.35 13.24 52 17.83 33 48.81 30.1 2 28.73 0 

"C 
II 17 Ca 1.3 1.5 1.40 13.73 32 16.56 Q. 
~ 18 Ca 1.4 1.6 1.50 14.72 29 17.28 108 47.23 47.23 2.39 37 ., 

19 CeC 1.2 1.4 1.30 12.75 45 16.73 Ill 
"C 

20 CeC 1.2 1.4 1.30 12.75 52 17.34 11 47.33 23.16 28.73 0 II .., 
w 21 Ch 1.1 1.25 1.18 11 .53 52 16.12 
0 

22 Ch 1.25 1.45 1.35 13.24 52 17.83 108 48.53 48.53 28.73 0 

23 Ck 1.2 1.4 1.30 12.75 35 15.84 

24 Ck 1.3 1.5 1.40 13.73 42 17.44 

25 Ck 1.3 1.5 1.40 13.73 31 16.47 11 45.17 21.00 2.39 35 

26 em 1.2 1.4 1.30 12.75 45 16.73 

27 Cm 1.3 1.5 1.40 13.73 45 17.71 

28 em 1.3 1.5 1.40 13.73 35 16.82 108 46.85 46.85 2.39 35 

29 Co 1.4 1.6 1.50 14.72 45 18.69 

30 w Co 1.3 1.5 1.40 13.73 52 18.33 
w 



County 
ID 

Unit 
ID 

M11rion County 
31 Co 

32 Cu 
33 Cu 
34 Cu 

35 cu 
36 Cu 
37 Cu 

38 Cu 
39 Cu 

40 oa 
41 Da 

42 Da 

43 HEE 

44 HEE 
46 HFF 

47 HEF 

49 HEG 

50 HEG 
52 HRD 

53 HRD 

54 HRD 

55 HSC 

56 HSC 

57 HSE 

58 HSE 

59 HTD 
GO HTD 
62 HTE 

63 HTE 

65 HTF 

66 HTF 
68 llaO 

69 HaB 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

CONCORD 

COURTNEY 

COURTNEY 
COURTNEY 

COURTNEY 

COURTNEY 

COURTNEY 

COURTNEY 

COURTNEY 

DAYTON 

DAYTON 

DAYTON 

HENLINE 

HENLINE 

HENLINE 

HENLINE 

HENLINE 

HENLINE 
HOREB 

HOREB 

HOREB 

HOREB 

HOREB 

HOREB 

HOREB 

HULLT 

HULLT 
HUIIT 

HULLT 

HULlT 

HULLT 

HAZELAIR 

HAZELAIR 

layer 
Number 

3 
1 

2 

3 

4 

1 

2 
3 
4 

1 

2 
3 

2 

1 

2 

2 
1 

2 

3 

2 

1 

2 
1 

2 

1 

2 

2 

2 

uses 

layer 
Depth

low 
(In) 

layer 
Depth

High 
(In) 

Clay 
Max Content-

Thickness low 
(m) (,.;) 

Clay 
Content

High 
(,.;) 

liquid 
limit
low 
(,.;) 

liquid 
limit 
High-

(,.;) 

Plasticity Plasticity 
Index- Index-
low High 

Ml 29 60 2.01 20 35 30 40 5 10 

CLML 0 12 0.30 27 35 35 40 10 15 

CH 12 24 0.30 50 60 60 80 35 50 

GC GM 24 49 0.64 27 35 35 40 10 15 

GP GW 49 60 1.50 0 5 0 14 0 0 

Cl Ml 0 12 0.30 27 35 35 40 10 15 

CH 12 24 0.30 50 60 60 80 35 50 

GC GM 24 49 0.64 27 35 35 40 10 15 

GP GW 49 60 1.50 0 S 0 14 0 0 

ML 0 13 0.33 1 S 20 30 35 5 10 

CH 13 46 0.84 40 50 55 70 35 45 

Ml 46 60 1.57 1 S 30 30 40 5 1 5 

GM 0 10 0 .25 7 15 15 25 0 5 

GM 10 30 0.51 7 15 15 25 0 5 

GM 0 10 0.25 7 IS 15 25 0 5 

GM 10 30 0.51 7 15 15 25 0 5 

GM 0 10 0 .25 7 15 15 25 0 5 

GM 10 30 0 .51 7 15 15 25 0 5 

ML 0 14 0 .36 1 0 20 20 30 0 5 

ML SM 14 36 0.56 18 27 25 40 0 10 

GM ML 36 60 1.83 18 25 25 40 0 10 

Cl·MLGC·GM 0 40 1.02 18 25 20 30 5 10 

GP·GM 40 60 1.73 0 3 0 14 0 0 

Cl·ML GC·CM 0 40 1.02 18 25 20 30 5 10 

GP-GM 40 60 1.73 0 3 0 14 0 0 

Cl Ml 0 15 0.38 27 32 35 40 10 15 

Cl 15 55 1.02 25 35 30 40 10 20 

CLML 0 15 0.38 27 32 35 40 10 15 

CL 15 55 1.02 25 35 30 40 10 20 

Cl Ml 0 15 0.38 27 32 35 40 10 15 

Cl 15 55 1.02 25 35 30 40 10 20 

Cl 0 1 2 0.30 22 27 30 40 1 0 20 

CL 12 ----~2~8 _____ o~·~4~1 ____ ~3~5~----~s~o ______ ~4~o ____ ~so~----2~o ______ ~2~5 __ __ 
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APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk Moist Bulk 
Density- Density-

County Unit low High 
~-ID.,.-~ __ I_D __ _:('-k'"'g/'-m_ J....:.) __ _.:..(kg/ ml) 
Marion Counry 

31 Co 

32 Cu 

33 Cu 

34 Cu 

35 cu 
36 Cu 

37 Cu 

38 Cu 

39 Cu 

40 Da 

41 oa 
42 Da 

43 HEE 
44 HEE 

46 HEF 

47 HEF 

49 HEG 

50 HEG 

52 HRD 

53 HRO 

54 HRD 

55 H5C 

56 H5C 

57 HSE 

58 HSE 

59 HTD 

60 HTD 

62 

63 

65 

66 
68 

69 

HTE 

HTE 

HTF 

HTF 

HaB 
HaB 

1.4 

1.3 

1.3 
1.3 
1.3 

1.3 

1.3 
1.3 
1.3 

1.3 

1.25 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 
1.2 

1.1 

1.1 

1.1 

1.1 

1.2 

1.1 

1.2 

1.1 

1.1 

1.1 

1.1 

l.i 

1.1 

1.2 

1.05 

1.6 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 
1.3 
1.3 

1.3 

1.3 
1.4 

1.3 
1.4 

1.3 

1.3 

1.3 

1.3 
1.3 

1.3 

1.4 

1.2 

Dry Unit Total Depth to Total Effective Angle of 
Dry Bulk Weight Unit Water Normal Normal Internal 
Density (S - 90%) Porosity Weight Table Stress Stress Cohesion Friction 
(kg/ml) _~(k~N....:./_m_J~) ___ (~%....:.) _ _ ....:.(k_N....:./_m_J~) _ _ (~In~) _ _ _....:.<k~P~a~) ___ ....:.(k~P~a....:.> __ ....:.(k~P~a....:.)_~(d,~e~g~~~e~s)~-

1.50 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 
1.35 

1.35 

1.35 

I.H 

1.35 
1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.20 

1.20 

1.20 

1.20 

1.30 

1.20 

1.30 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.30 

1.13 

14.72 

13.24 

13.24 

13.24 

13.24 

13.24 

13.24 

13.24 

13.24 

13.24 

13.00 

13.24 

12.75 

12.75 

12.75 

12.75 

12.75 

12.75 

11 .77 

l i .77 

11.77 

11.77 

12.75 

11.77 

12.75 

11.77 

11.77 

11.77 

11.77 

11.77 

11.77 

12.75 

11 .04 

45 

52 

52 

31 

29 

52 

52 

31 

29 

45 

52 

45 

29 

29 

29 

29 

29 

29 

45 

41 

35 

44 
29 

44 

29 

52 

52 

52 

52 

52 
52 

52 

52 

18.69 

17.63 

17.83 

15.98 

15.80 

17.83 

17.83 

15.98 

15.80 

17.22 

17.59 

17.22 

15.31 

15. 31 

15.31 

15.31 

15. 31 

15.31 

15.75 

15.39 

14.66 

15.66 

15. 31 

15.66 

15.31 

16.36 

16.36 

16.36 

16.36 

16.36 

16.36 

17.34 

15.63 

3 51.14 

3 44.70 

3 44.70 

3 47.54 

30 11 .67 

30 11.67 

30 11.67 

35 4 1.36 

108 42.36 

108 42.36 

55 22.86 

ss 22.86 

55 22.86 

24.97 26.73 0 

18.54 2.39 38 

18.54 2.39 38 

21.38 28.73 0 

11 .67 2.39 38 

11.67 2.39 38 

11.67 2.39 38 

23.1 9 2.39 36 

42.36 2.39 38 

4 2.36 2.39 36 

22.86 28.73 0 

22.86 28.73 0 

22.66 28.73 0 
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:; 
a. 
c: 
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ID 

"' Ill , 
ID , 
~ 
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ID .., 
w 
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County 
10 

Unit 
10 

Mar/on County 

70 

72 

73 
74 

76 
77 

78 

80 
81 

82 
83 
84 
85 
87 

88 

90 
91 
92 
93 

9S 

96 

97 
98 
99 

100 
101 

102 

103 
105 

106 

107 
109 
110 

HaB 
HaD 
HaD 
HaD 
Hr;D2 
Hr;D2 
Hr;D2 
Ho 
Ho 
Ho 
Ho 
HuB 
HuB 

HuD 
HuD 

joB 

JoB 

JoB 

joB 

JoC 

JoC 

joD 

JoD 

JoE 

JoE 
KCD 

KCD 

KCD 

KCF 
KCF 
KCF 

KCG 

KCG 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

HAZELAIR 

HAZELAIR 

HAZELAIR 

HAZELAIR 

HAZELAIR 

HAZELAIR 

HAZELAIR 

HOLCOMB 

HOLCOMB 

HOLCOMB 

HOLCOMB 

HULLT 

HULLT 

HULLT 

HULLT 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

KINNEY 

KINNEY 

KINN EY 

KINNEY 

KINNEY 

KINNEY 

KINNEY 

KINNEY 

layer 
Number 

3 

1 

2 

3 

1 

2 

3 

2 

3 

4 

1 

2 

2 

1 

2 
1 

2 

2 

1 

2 

2 

1 

2 

3 

2 

3 

1 

2 

uses 

CH 

CL 

CL 

CH 

CL 

CL 

CH 

ML 

CL ML 

CH 

ML 

CL ML 

CL 

CL ML 

CL 

ML 

CL 

ML 

CLGC 
Ml 

CL 

ML 

CL 

ML 

Cl 

MH 

MH 

MH 
MH 
MH 

MH 

MH 

MH 

layer 
Depth

low 
(In) 

28 

0 

12 

28 

0 

12 

28 
0 

18 

24 

so 
0 

15 

0 
15 

0 

15 

0 

9 
0 

15 

0 

15 

0 

15 

0 

10 
40 

0 

10 

40 

0 

10 

layer 
Depth

High 
(In) 

38 
12 

28 

38 
12 

28 
38 
18 

24 

50 

60 
15 

55 
15 

55 

15 

63 

9 

36 

15 

63 

15 

63 
15 

63 

10 
40 

53 

10 
40 

53 

10 

40 

Clay 
Max Content-

Thickness low 
(m) (76) 

0.25 

0.30 

0.41 
0.25 

0 .30 

0.41 
0 .25 

0.46 
0 .15 

0 .66 

1.47 

0.38 
1.02 

0 .38 

1.02 

0 .38 

2.36 

0.23 
2.51 

0.38 
2.36 
0.38 

2.36 
0 .3B 

2.36 

0.25 
0.76 

0 .33 

0 .25 

0.76 

0 .33 

0.25 

0.76 

60 
22 
35 
60 
27 

35 
60 

20 

25 

40 

25 

27 
25 

27 
25 

27 
45 

30 
40 

27 
45 

27 

45 

27 
45 

18 

22 

15 

18 

22 
15 

18 

22 

Clay 
Content

High 
(76) 

70 
27 
so 
70 
40 

so 
70 

25 
30 

so 
40 

32 

3S 

32 

35 

40 

60 

40 

so 
40 

60 
40 

60 
40 

60 
27 · 

30 

27 
27 

30 
27 
27 

30 

liquid 
Urn It
low 
(76) 

60 

30 

40 

60 
30 

40 

60 

30 

30 

60 

30 

35 

30 
35 
30 

40 

40 

35 
40 

40 
40 

40 

40 
40 

40 
60 
55 

50 

60 

55 

so 
60 

55 

liquid 
Umit 
Hlgh-

(76) 

80 
40 

50 

80 
40 

so 
80 

35 

40 

80 

50 

40 

40 
40 

40 

so 
50 

40 

50 

so 
so 
50 

50 

50 

so 
70 

65 
65 
70 

65 
65 
70 

65 

Plasticity Plasticity 
Index- Index-
low High 

40 

10 
20 

40 

10 
20 

40 

5 
5 

40 

5 

10 
10 
10 
10 
10 

15 

10 

15 

10 
15 

10 

15 

10 
15 

10 

10 

10 

10 

10 
10 
10 

10 

so 
20 
2S 

so 
20 
2S 

so 
10 
15 

so 
20 
IS 

20 
15 

20 

IS 

2S 

15 

25 
15 
25 

15 

25 
15 

25 
20 
20 

20 

20 

20 
20 
20 

20 



0 APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES .., 
fD 

10 Moist Bulk Moist Bulk Dry Unit Total Depth to Total Effective Angle of 0 
~ Density- Density-- Dry Bulk Weight Unit Water Normal Normal Internal 

c County Unit Low High Density (S = 90%) Porosity Weight Table Stress Stress Cohesio n Friction 
fD ID ID (kg/m3) (kg/ml) (kg/ m3) (kN/m3) (%) (kN/ m 3) (In) (kPa) (kPa) (kPa) (degrees) 
'0 Mar on County Ill 
~ 
3 70 HaB I 1.2 1.10 10.79 52 15.38 18 15.54 10.56 22.50 0 
fD 72 HaD 1.2 1.4 1.30 12.75 52 17.34 ~ .. 
0 73 HaD 1.05 1.2 1.13 11.04 52 15.63 ...., 

74 HaD 1.2 1.10 10.79 52 15.38 18 15.54 10.56 22.50 C"' 0 
fD 76 HcD2 1.2 1.4 1.30 12.75 52 17.34 0 
0 77 HcD2 1.05 1.2 1.13 11.04 52 15.63 

10 
'"< 78 Hc02 1.2 1.10 10.79 52 15.38 18 15. 54 10.56 22.50 0 
Ill 80 Ho 1.3 1.4 1.35 13.24 45 17.22 :I 
Q. 81 Ho 1.3 1.4 1.35 13.24 51 17.75 
~ 82 Ho 1.3 1.4 1.35 13.24 52 17.83 
;;J 
fD B3 Ho 1.3 1.4 1.35 13 .24 52 17.B3 11 48.63 24.46 28.73 0 .., 
!!.. 84 HuB 1.1 1.3 1.20 11 .77 52 16.36 
~ 85 HuB 1.1 1.3 1.20 11 .77 52 16.36 55 22.86 22.86 28.73 0 
Q. 
c:::: 87 HUD 1.1 1.3 1.20 11.77 52 16.36 
II' .. 88 HuD 1.1 1.3 1.20 11.77 52 16.36 55 22.86 22.86 28.73 0 :::l. 
fD 90 JoB 1.2 1.3 1.25 12 .26 52 16.85 
"' VI 
'0 

91 JoB 1.3 1.5 1.40 13 .73 52 18.33 108 49.71 49.71 28.73 0 
fD 92 joB 1.1 1.3 1.20 11.77 52 16.36 ,... 
!t 93 jOB 1.1 1.3 1.20 11.77 43 15.57 36 42.89 42.89 28.73 0 
~ 95 joC 1.2 1.3 1.2 5 12.26 52 16.85 
Ill , 96 JoC 1.3 1.5 1.40 13.73 52 18.33 108 49.71 49.71 28.73 0 
fD .., 97 joD 1.2 1.3 1.25 12.26 52 16 .85 
w 
0 98 JoD 1.3 1.5 1.40 13.73 52 18.33 lOB 49.71 49.71 28.73 0 

99 joE 1.2 1.3 1.25 12.26 52 16.85 

100 joE 1.3 1.5 1.40 13.73 52 18.33 108 49.71 49.71 28.73 0 
101 KCD 0 .85 0.95 0.90 8.83 45 12.80 

102 KCD 0 .9 1.2 1.05 10.30 45 14.27 

103 KCD 0 .9 1.2 1.05 10.30 45 14.27 53 1B.84 18.B4 28.73 0 
105 KCF 0 .85 0.95 0.90 8.83 45 12.80 

106 KCF 0 .9 1.2 1.05 10.30 45 14.27 

107 KCF 0 .9 1.2 1.05 10.30 45 14.27 53 18.84 18.84 28.73 0 
109 KCG O.BS 0.95 1).90 8.83 45 12.80 

w 110 KCG 0 .9 1.2 1.05 10.30 45 14.27 'J 
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0 
;; 
ID g 
c 
" "t:l ., 
~ 
3 
" ::;, ... 

County 
ID 

Unit 
ID 

Unit 
N01me 

L11yer 
Number uses 

Lilyer 
Depth

Low 
(in) 

L01yer 
Depth

High 
(In) 

Morlan County 

Ill 

113 
114 

115 

116 

118 

119 

121 

122 

124 

125 

126 

127 

12B 

129 
130 

131 

132 

133 

134 

136 
137 

139 
140 

147 

143 
145 
146 
148 

149 
151 

152 

KCG KINNEY MH 40 53 

La LAB15H OH 0 16 

La LABISH 2 OH 16 60 

MUE MCCULLY I MH ML 0 10 

MUE MCCULLY 2 CH MH 10 57 

MUF MCCULLY 1 MH ML 0 10 

MUF MCCULLY 2 CH MH 1 0 57 

MUG MCCULLY I MH ML 0 10 

MUG MCCULLY 2 CH MH 10 57 

MYB MINNIECE ML 0 15 

MYB MINNIECE 2 MH 15 32 

MYB MINNIECE 3 MH 32 60 

MaA MCALPIN CL ML 0 23 

MaA MCALPIN 2 CL 23 65 

MaB MCALPIN CL ML 0 23 

MaB MCALPIN 2 CL 23 65 

Mb MCBEE 1 ML 0 10 

Mb MCBEE 2 CL ML 10 65 

McB MCCULLY MH ML 0 1 0 

McB MCCULLY 2 CH MH 10 57 

McC MCCULLY I MH ML 0 I 0 

McC MCCULLY 2 CH MH 10 57 

McD MCCULLY 1 MH ML 0 10 

McD MCCULLY 2 CH MH 10 57 

McE MCCULLY 1 MH ML 0 10 

McE MCCULLY 2 CH MH 10 57 

MID MCCULLY GM MH 0 10 

MID MCCULLY 2 MH ML 10 57 

MmE MCCULLY 1 GM 0 10 

MmE MCCUL.LY 2 MH ML 10 57 

NeB NEKIA 1 ML 0 9 

NeB NEKIA 2 CL GC 9 36 

~ 154 NeC NEKIA ML 0 9 

Cl11y 
Max Content-

Thickness Low 
(m) (!II:) 

0.33 
0.41 

2.34 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.38 

0.43 

1.93 

0.58 

2.16 

0.58 

2.16 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.25 

2.49 

0.23 

0.69 

0.23 

15 

35 

40 

30 

45 

30 

45 

30 

45 

27 

40 

35 

30 

40 

30 

40 

27 

25 

30 

45 

30 

45 
30 

45 

30 

45 
30 

45 

30 

45 

30 

40 

30 -------------------------------------------------- ----------

Cl11y 
Content

High 
(!II:) 

27 

50 

55 

40 

55 

40 

55 

40 

55 

35 

55 

55 
40 

50 

40 

50 

35 

45 

40 

55 

40 

55 

40 

55 

40 

55 
40 

55 

40 

55 
40 

50 

40 

Liquid 
Limit
Low 

(!11:) 

50 

60 

60 

45 

50 

45 

so 
45 

50 

35 

50 

50 

35 

40 

35 

40 

35 

34 

45 

50 

45 

50 

45 

50 

45 

50 

50 

45 

50 

45 

35 

40 

35 

Liquid 
Limit 
High-

(!~!:) 

65 
80 

80 

55 

60 

55 
60 

55 

60 

40 

60 

60 

40 

50 

40 

50 

40 

40 

55 

60 

55 
60 

55 
60 

55 
60 

60 

55 

60 

55 
40 

50 

40 

Plutlclty Plutlclty 
Index- Index-

Low High 

10 

20 

20 

15 

20 

15 

20 

15 

20 

10 

15 

15 

10 

15 

10 

15 

10 

10 

15 

20 

15 

20 

15 
20 

15 

20 

5 
5 

5 

5 
10 

15 
10 

20 

30 

30 

25 

30 

25 

30 

2 'i 

30 

15 

25 

25 

15 
25 

15 

25 

15 

15 
25 
30 

25 
30 

25 
30 

25 

30 

15 
15 

15 

15 
15 

25 

15 



County Unit 
ID ID 

Mar on County 

I ll KCG 

113 La 

114 La 

115 MUE 

116 MUE 

118 MUF 

119 MUF 

12: 1 MUG 

122 MUG 

124 MYB 

125 MYB 

126 MYB 

1:>7 

128 

129 

130 

131 

132 
133 

134 
136 

137 

139 

140 

142 

143 
145 

146 

148 

149 
151 
152 

1 54 

M;tA 

MaA 

MaB 

MaB 

Mb 

Mb 
McB 

McB 

MCC 
McC 
McD 

McD 

McE 

McE 

MID 

MID 

MmE 

MmE 
NeB 
N!!R 

Nee 

Moist Bulk 
Density

Low 
(kg/ m 3) 

0.9 

0.7 

1.3 

1.2 

1.2 
1.2 

1.2 

1.2 

1.2 

1.1 

1.1 
1.1 

1.:;! 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 
1.2 

1.2 

1.2 

1.2 
1.25 

1.25 

1.2 5 

1.25 

1.1 
1.1 

1.1 

APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kgfml) 

1.2 

0.9 

1.4 

1.3 

1.3 
1.3 

1.3 

1.3 

1.3 

1.3 
1.3 

1.3 

1.4 

1.4 

1.4 
1.4 

1.4 

1.4 

1.3 

1.3 
1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.35 

1.35 

1.35 

1.35 

1.3 

1.3 

1.3 

Dry Bulk 
Density 
(kgf ml) 

1.05 

0 .80 

1.3.5 

1.2'5 

1.25 

1.25 

1.25 

1.25 

1.25 

1.20 

1.20 

1.20 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.30 

1.30 

1.30 
1.30 

1.20 

1.20 

1.20 

Dry Unit 
Weight 

(S "' 90%) 
(kN/m') 

10.30 

7.85 

13. 24 

12.26 

12.26 

12.26 

12.26 

12.26 

12.26 

11.77 

11. 77 

11.77 

12.75 

12.75 

12.75 

12.75 

12.75 

12.75 

12.26 

12.26 

12.26 

12.26 

12.26 

12.26 

12.26 

12.26 

12.75 

12.75 

12.75 

12.75 
11.77 

11.77 
11 .77 

Total 
Unit 

Porosity Weight 
(") (kN/m1) 

45 14.27 

52 12.44 

52 17.83 

52 16.85 

52 16.85 

52 
52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 
52 

52 
52 

52 

52 

52 

52 

35 

52 

2!) 

52 
43 

52 

16.85 

16.85 

16.85 

16.85 

16.36 

16.36 

16.36 

17.34 

17.34 

17.34 

17.34 

17.34 

17.34 

16.85 
16.85 

16.85 

16.85 

16.85 

16.85 

16.85 

16.85 

15.84 

17.34 

15.31 

17.34 

16.36 

I 5.5 7 

16 .36 

Depth to 
Water 
Table 

(In) 

53 

8 

108 

108 

108 

3 

23 

23 

27 

108 

108 

108 

108 

108 

108 

Total 
Normal 
Stress 
(ki'a) 

18. 84 

46.73 

46. 23 

46. 23 

46. 23 

44.89 

47 .58 

47.58 

47.58 

46.23 

4 6.23 

46.23 

46.23 

47.20 

47.06 

14.42 

Effective 
Normal 
Stress 
(kPa) 

18.84 

21.81 

46.23 

46.23 

46.23 

18.72 

26.40 

26.40 

27.40 

46.23 

46.2 3 

46.23 

46.2 3 

47.20 

47.06 

14.42 

Cohesion 
(kPa) 

28.73 

.2:8 .73 

22.50 

22.50 

22.50 

28.73 

28.73 

28.73 

28.73 

22.50 

22.50 

22.50 

22.50 

28.73 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



A 
0 

County 
ID 

Unit 
ID 

Marion County 

155 
157 
158 
160 

161 

163 
164 

166 

167 

169 

170 

172 

173 
175 

176 

178 

179 
180 

181 

182 

183 

185 

186 
188 

189 
190 

191 

192 

19'1 

194 

195 
196 
197 

Nee 
NeD 
NeD 

NeE 
NeE 

NeF 
NeF 
NkC 

NkC 

NsE 
NsE 

NsE 

NsE 

NsF 
NsF 
Nu 
Nu 

Nw 
Nw 
SCE 

SCE 

SCE 

SCE 

sa 

sa 
sa 

SkB 

5k8 
SkB 

SkD 

SkD 

SkD 

SIB 

Unit 
Name 

NEKIA 

NEKIA 
NFKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEWBERG 

NEWBERG 

NEWBERG 

NEWbERG 

STEIWER 
STEIWER 

STEIWER 

STEIWER 

SALEM 

SALEM 

SALEM 

SALKUM 

SALKUM 
SALKUM 

SALKUM 

SALKUM 

SALKUM 

SALKUM 

APPENDIX B. MARION AND POlK COUNTY SOil UNIT PROPERTIES 

layer 
Number 

2 

2 

1 

2 

2 

2 
1 

2 
1 
2 

2 
1 

2 
1 
2 
1 
2 

2 

2 

3 

7 

3 

1 
2 
3 

uses 

layer 
Depth

low 
(In) 

Cl GC 9 

ML 0 
Cl GC 9 

ML 0 
CL GC 9 

ML 0 
CL GC 9 

CL ML 0 
CL GC 9 
CL ML 0 

CL GC 9 
GM 0 
GC 4 

Cl Ml 0 

Cl GC 9 

SM 0 
SM 10 

ML 0 
SM 10 
Ml 0 
Ml 21 

ML 0 

ML 4 

CL-ML CC-CM 0 

GM ML 

CL GM ML SM 9 

GP GP-GM SP 30 

SP-SM 

CL 0 
MH 20 

MH ML 40 

CL 0 

MH 20 

MH Ml 40 

Cl 0 

layer 
Depth
High 
(In) 

36 
9 

'16 

9 

36 
9 

36 
9 

36 
9 

36 
4 

19 

9 
36 
10 
60 

10 
60 

21 
32 
4 

12 

9 

30 
60 

20 

40 

6 5 

20 

40 

65 

20 

Clay 
Max Content-

Thickness low 
(m ) (%) 

0.69 

0.23 
0.69 
0.23 

0.69 

0.23 

0.69 

0.23 

0.69 
0.23 

0.69 

0.10 

0.38 

0.23 
0.69 

0.2S 
2.49 

0.25 
2.49 
0.53 

0.28 

0.10 

0.20 
0.23 

0.53 

1.98 

0.51 
0 .51 

1.73 

0.5 1 

0.51 
1.73 

0.51 

40 

30 
40 

30 

40 

30 

40 

27 
40 

27 
40 

18 

2S 
27 
40 

7 

s 
7 
s 

20 
27 
18 

20 

15 

25 
0 

27 
40 

35 
27 
40 

35 
27 

Clay 
Content

High 
(%) 

50 
40 
50 
40 

50 
40 

50 
35 
60 

3S 
60 

2S 
3S 
3S 
60 

1S 
1S 
15 

15 

27 
35 

27 
30 
20 

35 
IS 

35 
55 
50 
35 
55 

50 
35 

liquid 
limit
low 
(%) 

40 

35 
40 

35 
40 

35 
40 

35 
40 

35 
40 

2S 
3S 
3S 
40 

20 

20 

30 

20 

30 
40 

25 

30 
25 

35 

0 

40 

50 
45 

40 

so 
45 

40 

liquid 
limit 
High-

(%) 

50 
40 

50 
40 

50 
40 

50 
40 

so 
40 

so 
30 

40 

40 

so 
2S 
25 
35 
25 
40 

50 
35 

40 
35 

45 

14 

45 

65 
60 

45 

65 

60 

45 

Plasticity Plasticity 
Index- Index-
low High 

15 
10 

15 

10 
15 
10 

15 
10 

15 
10 

1 s 
0 

15 
10 
15 
0 
0 
0 
0 
s 
5 
0 
5 

5 

10 

0 

15 
15 

15 
15 
15 
15 

15 

25 
15 
75 
15 
25 
15 
25 
15 
25 
15 
2S 
s 

20 
1 s 
25 

5 
5 
5 
5 

10 

15 

10 
10 
10 

20 
0 

20 
25 
25 
20 
25 

25 
20 
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County Unit 
ID ID 

Manon County 

155 Nee 

157 N!!O 

158 NeD 

160 NeE 

161 NeE 

163 NeF 

164 NeF 

166 NkC 

167 NkC 

169 NsE 

170 NsE 

172 NsE 

173 

175 

176 

178 

179 

180 

181 

182 

183 

185 

186 

188 

189 

190 

191 

192 

193 

194 

195 

196 
197 

NsE 

NsF 

NsF 

Nu 
Nu 
Nw 

Nw 

SCE 

SCE 

SCE 

SCE 

Sa 
Sa 
Sa 

SkB 

SkB 

SkB 

SkD 

SkD 

SkD 

SIB 

Moist Bulk 
Density-

Low 
(kg/ml) 

1.1 

1.1 

1.1 
1.1 

1.1 

1.1 

1.1 

1.2 

1.3 

1.2 

1.3 
1.35 
1.3 

1.2 

1.3 

1.2 

1.2 

1.2 
1.2 

1.3 

1.3 

1.3 

1.3 

1.2 
1.2 

1.3 

1.3 

1 

1 

1.3 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Densi ty

High 
(kg/ml) 

1.3 
1.3 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 
1.5 

1.3 

1.5 
1.5 

1.4 

1.3 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.5 

1.5 

1.6 

1.35 
1.5 

1.5 

1.35 

1.5 
1.3 5 

Dry Bulk 
Density 
(kg/ml) 

1.20 
1.20 

1.20 
1.20 

1.20 

1.20 

1.20 

1.25 
1.40 

1.25 

1.40 

1.43 

1.35 

1.25 

1.40 

1.30 

1.30 

1.30 

1.30 

1.35 

1.35 

1.35 

1.35 

1.35 

1.35 

1.45 

1.18 

1.40 

1.25 

1.18 

1.40 

1.25 
1.18 

Dry Unit 
Weight 

(S = 90%) 
(kN/ml) 

11.77 

11.77 

11.77 
11. 77 

11.77 

11.77 

11.77 

12.26 

13.73 

12.26 

13.73 

13.98 

13.24 

12.26 

13.73 

12.75 

12.75 

12.75 

12.75 

13.24 

13.24 

13.24 

13.24 

13.24 

13.24 

14.22 

11.53 

13.73 

12.26 

11.53 

13.73 

12.26 

11.53 

Porosity 
(") 

43 

52 

43 

52 

43 

52 

43 

52 
43 

52 

43 

29 

32 

52 

43 

35 

35 

45 

35 

45 

52 

45 

45 

44 

42 

29 

52 

52 

52 

52 

52 

52 

Total 
Unit 

Weight 
(kN/ml) 

15.57 

16.36 

15.57 

16.36 

15.57 

16.36 

15.57 

16.85 

17.53 

16.85 

17.53 

16.54 

16.07 

16.85 

17.53 

15.84 

15.84 

16.73 

15.84 

17.22 

17.83 

17.22 

17.22 

17.13 

16.95 

16.78 

16.12 

18.33 

16.85 

16.12 

18.33 

16.85 

16.12 

Depth to 
Water 
Table 

(in) 

36 

36 

36 

36 

36 

36 

19 

36 

108 

108 

32 

12 

108 

108 

108 

Total 
Normal 
Stress 
(kPa) 

14.42 

14.42 

14.42 

14.42 

15.88 

15.88 

7.80 

15.88 

43.46 

43.69 

14.17 

5.25 

46.21 

46.61 

46.61 

Effective 
Normal 
Stress 
(kPa) 

14.42 

14.42 

14.42 

14.42 

15.88 

15.88 

7.80 

15.88 

43.46 

43.69 

14.17 

5.25 

46.21 

46.6 1 

46.61 

Cohesion 
(kPa) 

28.73 

28.73 

28. 73 

28. 73 

28. 73 

28. 73 

2.39 

28.73 

2.39 

2.39 

28.73 

28.73 

2.39 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

0 

0 

0 

35 

0 

34 

34 

0 

0 

37 

0 

0 
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CountY 
ID 

Unit 
ID 

Marion County 

198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
2 10 

211 

212 
213 

214 
215 
216 
218 
219 

220 
222 

223 
225 
226 

228 

229 
232 
233 

234 

235 

236 

SIB 

SIB 

SnA 

SnA 

SnA 

SnB 

SnB 

SnB 

SnC 

SnC 

SnC 

So 
so 
5t 

St 

St 

sue 
sue 
sue 
SuD 

SuD 

SuD 

SvB 

SvB 

SwB 
SwB 
SwD 

SwD 
Sy 
Te 

Te 

Te 

WHE 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

SALKUM 

SALKUM 

SANTI AM 

Layer 
Number 

2 

3 

SANTIAM 2 
SANTIAM 3 

SANTIAM 1 

SANTIAM 2 
SANTIAM 3 
SANTIAM 1 

SANTIAM 2 
5ANTIAM 3 

SEMIAHMOO 

SEMIAHMOO 2 

51FTON 1 

SIFTON 2 

SIFTON 3 

SILVERTON 1 

SILVERTON 2 
SILVERTON 3 
SILVERTON 1 

SILVERTON 2 
SILVERTON 3 
STAYTON 1 

STAYTON 2 
STEIWER 1 
STEIWER 2 
STEIWER 1 

STEIWER 2 

STONY ROCK LAND 1 

TERRACE 

ESCARPMENTS 

TERRACE 2 
ESCARPMENTS 

TERRACE 3 

ESCARPMENTS 

WHETSTONE 

uses 

Layer 
Depth

Low 
(I n) 

MH 20 
MH ML 40 
ML 0 
CL 13 
CH 30 
ML 0 
CL 13 

CH 30 
ML 0 
CL 13 
CH 30 
PT 0 

PT 30 
GM Ml 0 

GM ML 17 
GP GP-GM 24 

SP SP-SM 

CL·ML ML 0 

CL 16 
CH CL 25 

CL·ML ML 0 
CL 16 
CH CL 25 
Ml 0 
ML 12 
Ml 0 
ML 21 
ML 0 
ML 21 

GP 0 

CL·ML Ml 0 

Cl·Ml ML 8 
SC·SM SM 

GC GM SC SM 48 

SM 0 

Layer 
Depth

High 
(In) 

40 
65 

13 
30 

60 
13 
30 
60 
13 

30 
60 
30 
60 
17 

24 

60 

16 

25 

37 
16 

25 

37 
12 
19 

21 
32 
21 
32 
60 

8 

48 

60 

Clay 
Max Content-

Thickness low 
(m) (%) 

0.51 
1.73 
0.33 
0.43 
1.98 
0.33 
0.43 
1.98 
0.33 

0.43 
1.98 
0.76 
1.98 
0 .4 3 

0.18 
2. 13 

0.41 
0.23 
0.30 
0.41 
0.23 
0.30 
0.30 
0.18 
0 .53 

0.28 
O.S3 
0 .28 
2 .74 
0.20 

1.02 

1.52 

0 .03 

40 
35 
18 
35 
40 
18 
35 
40 
18 
35 
40 

0 
0 

0 

18 
25 

40 
18 
25 
40 
10 
12 
20 
27 
20 
27 

0 
18 

20 

27 

8 

Clay 
Content

High 
(%) 

55 

so 
27 
45 
50 
27 
45 
50 
27 
45 
50 

0 
0 

5 

25 
35 
55 
25 
35 
55 
18 
18 
27 

35 
27 
35 

0 
27 

30 

35 

18 

liquid 
Limit
low 
(%) 

50 
4S 
30 
30 
50 
30 
30 
50 
30 
30 

so 
0 
0 

30 

30 
0 

25 
35 

45 
25 

35 
45 
30 
30 
30 
40 
30 
40 

2S 

25 

35 

1 s 

liquid 
Limit 
High-

(%) 

6S 
60 
40 
so 
60 
40 
so 
60 
40 
50 
60 
14 
14 
40 
40 
14 

35 
45 
60 
35 
45 
60 
40 
40 
40 
so 
40 
so 

3S 

35 

40 

25 

PlasticitY Plasticity 
Index- Index-
low High 

IS 
15 

5 
10 
30 

5 

10 
30 

s 
10 
30 

0 
0 

0 

5 
15 

20 
5 

15 
20 

5 
5 
5 
5 
5 
5 
0 
5 

5 

10 

0 

2S 
25 

10 
30 
40 
10 
30 
40 
10 
30 

40 

5 

5 

0 

10 
20 
30 

10 
20 
30 
10 
10 
10 
15 
10 
15 
0 

10 

10 

15 

5 
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County Unit 
ID ID 

Mar1on County 

198 SI B 

199 SIB 

ZOO SnA 

201 SnA 

202 SnA 

203 SnB 

204 SnB 

205 5nB 

206 SnC 

207 SnC 

208 SnC 

209 So 

210 

2 11 

212 

213 

214 

215 

216 

218 

219 

220 

222 

223 

225 

226 

228 

229 

232 

233 
234 

235 
236 

So 
St 

St 

St 

sue 
sue 
sue 
SuD 

SuD 

SuD 

SvB 
SvB 
Sw8 

Sw8 

SwD 

SwD 

Sy 

Te 

Te 

Te 

WHE 

Moist Bulk 
Density

low 
(kg/m3) 

1.3 

1 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

0.5 
0.5 
0 .85 

0 .7 

1.1 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

0.7 

0.7 

1.3 

1.3 

1.3 

1.3 

1.7 

1.1 

1. 1 

1.2 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kg/m3) 

1.5 

1.5 

1.4 

1.4 

1.5 

1.4 

1.4 

1.5 

1.4 

1.4 

1.5 

0 .7 

0 .7 

0 .95 

0.85 

1.3 

1.4 

1.4 

1.5 

1.4 

1.4 

1.S 

0.85 

0 .85 

1.4 

1.4 

1.4 

1.4 

2 .35 

1.4 

1.4 

1.4 

1.2 

Dry Unit Total 
Dry Bulk Weight Unit 
Density (S = 90%) Porosity Weight 
(kg/m3) (kN/m3) (%) (kN/ml) 
~~~--~~--~--~~--~ 

1.40 

1.25 
1.30 

1.30 

1.4 5 

1.30 

1.30 
1.45 

1.30 

1.30 

1.45 

0.60 

0.60 
0 .90 

0.78 

1.20 

1.30 
1.30 

1.45 

1.30 

1.30 

1.45 

0.78 

0 .78 

1.35 

1.35 

1.35 
1.35 
2 .03 

1.25 

1.25 

1.30 

1.10 

13.73 

12.26 

12.75 

12.75 

14.:.-!2 

12.75 

12.75 

14.22 

12.75 

12.75 

i4.22 

5.89 

5.89 

8.83 

7.60 

11.77 

12.75 

12.75 

14.22 

12.75 

12.75 

14.22 

7.60 

7.60 

13.24 

13.24 

13.24 

13.24 

19.87 

1'J .~6 

12.26 

12.75 

10.79 

52 

52 

45 

52 

52 

45 

52 

52 

45 

52 

52 

52 

52 

35 

35 

29 

50 
52 

52 
50 
52 
52 

45 

45 

45 

52 

45 

52 

29 

50 

48 

31 

35 

18.33 

16.85 

16.73 

17.34 

18.82 

16.73 

17.34 

18.82 

16.73 

17.34 

18.82 

10.48 

10.48 

11 .9 2 

10.69 

14.33 

17.17 

17.34 

18.82 

17.17 

17.34 

18.82 

11.58 

11.58 

17.22 

17.83 

17.22 

17.8) 

22.43 

16.68 

16.50 

15.49 

13.88 

Depth to 
Water 
Table 

(In) 

108 

15 

15 

1 s 

7 

108 

37 

37 

19 

32 

32 
108 

108 

Total 
Normal 
Stress 
(kPa) 

46.61 

50.29 

50.29 

50.29 

28.74 

37.63 

16.68 

16.68 

5.59 

14.17 

14.17 

61.52 

43.76 

Effective 
Normal 
Stress 
(kPa) 

4 6.61 

27.12 

27.12 

27.12 

3.5 7 

37.63 

1 6.68 

16.68 

5.59 

14.17 

14.17 

61.52 

43.76 

Cohesion 
(kPa) 

28.73 

22.50 

22.50 

22.50 

28.73 

2.39 

22.50 

22.50 

28.73 

28.73 

28.73 

2.39 

2.39 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

0 

0 

38 

0 

0 

0 

0 

0 
38 

36 



County 
10 

Unit 
10 

Marion County 

237 

238 
239 
241 
242 
243 
244 
246 

247 
248 
249 
251 

252 
254 

255 
256 
257 
258 
259 

260 
261 

2n2 

263 
264 

265 
266 
267 

268 
270 
271 

272 

273 

274 

WHE 

WHE 

WHE 

WHF 

WHF 

WHF 

WHF 

WHG 

WHG 

WHG 

WHG 

WHG 

WHG 

Wa 

Wa 

We 

We 

WIA 

WIA 

WIA 

WIA 

WIA 

WIA 

WIC 

WIC 

WIC 

WtE 

WtE 

WuA 

WuA 

WuA 

wuc 
WuC 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WHETSTONE 

WALDO 

WALDO 

WAPATO 

WAPATO 

WILLAMETTE 

WILLAMETTE 

WlllAMETTE 

WlllAMETTE 

WILLAMETTE 

WILLAMETTE 

WILLAMETTE 

WILLAMETTE 

WlllAMETTE 

WITZEL 

WITZEL 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

Layer Layer Clay Clay liquid liquid 
Depth- Depth- Max Content- Content- Limit- Limit Plasticity Plast icity 

Layer Low High Thickness Low High Low High- Index- lndex-
Number ____ US_C_S ______ ~(~in~) _____ (~in~) ______ (~m~) _____ (~%~) ______ (~%~) ______ ~(%~) ____ ~(%~) _____ L_o_w _____ H~ig~h __ ___ 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

I 

2 

I 

2 

2 

1 

2 

3 

2 

3 

I 

2 

3 

2 

2 
3 

I 

2 

MLSM 

GM ML 

GM 

SM 

MLSM 

GM ML 

GM 

SM 
MLSM 

GM ML 

GM 

GM 

GM 

CL ML 

CH MH 

ML 

ML 

ML 

CL 

ML 

ML 

CL 

CL-ML Ml 

ML 

CL 

ML 

GM 

GC 

ML 

CL 

CL-ML ML 

ML 

CL 

5 

19 
0 
1 

5 
19 

0 

5 

19 
0 

10 

0 

10 

0 
16 

0 

24 
54 

0 
17 

32 
0 

24 
54 

0 

4 

0 

17 
32 

0 

17 

5 

19 
3B 

1 

5 

19 
38 

1 

5 
19 
38 
10 
30 
10 

60 

16 

60 

24 
54 

65 

17 
32 
68 

24 
54 
65 

4 

19 
17 

32 
68 
17 

32 

0.10 
0.36 

0.48 

O.D3 
0.10 
0 .36 

0.48 
0.03 

0.10 
0.36 

0.48 
0 .25 
0.51 
0.25 

2.49 
0.41 
2.34 
0 .61 

0 .76 

1.37 

0.43 
0 .38 

1.93 

0.61 
0.76 
1.37 

0 .10 

0.38 
0 .43 

0 .38 

1.93 

0 .43 

0.38 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 
8 
7 

7 

27 

40 
27 
20 
20 

25 
20 
10 
20 

15 
20 

25 
20 
18 

25 

10 

20 
15 
10 

20 

18 
18 
18 

18 
18 

18 
18 

18 
18 
18 
18 
15 

15 

40 

55 
35 
35 
27 
35 
30 

20 
35 
30 
27 

35 
30 
25 
35 
20 

35 
30 
20 

35 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

35 

50 
35 
30 

35 

40 
35 

25 
30 

25 
35 

40 
35 
25 
35 
25 

30 
25 
25 

30 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
40 

60 

40 
40 
40 

50 
40 

30 
40 
35 
40 

50 
40 
30 

40 
30 

40 
35 

30 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

10 

20 
10 

5 

5 

15 

10 

0 
10 

5 

5 

15 
10 
0 

15 

0 

10 
5 
0 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

15 

30 

15 
15 

10 
25 
15 

5 
20 
10 
10 

25 
15 

5 

20 

5 

20 

10 

5 

20 



0 APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES .., 
ID 

IC Moist Bulk Moist Bulk Dry Unit Total Depth to T otal Effective Angle of 0 
:II Density- Density- Dry Bu lk Weight Unit Water Normal Normal Internal 

c County Unit low High Density (S: 90%) Porosity Weight Table Stress Stress Cohesion Fr iction 
ID ID ID (kg/ ml) (kg/ml) (kg/ml) (kN/ml) (%) (kN/ml) (In) (kPa) (kPa) (kPa) (degrees) 

"g 
Manon County Ill 

~ 
3 237 WHE 1.1 1.3 1.20 11.77 4 1 15.39 
ID 

238 WHE 1.1 1.3 1.20 11.77 35 14.86 ::II .. 
0 239 WHE 1.1 1.3 1.20 11.77 29 14.33 38 14 .12 14.12 2.39 38 ..... 

241 WHF 1.2 1.10 10 .79 35 13.88 C) 
ID 242 WHF 1.1 1.3 1.20 11.77 41 15.39 0 
0 243 WHF 1.1 1.3 1.20 11.77 35 14.86 
IC 
'< 244 WHF 1.1 1.3 1.20 11.77 29 14.33 38 14.12 14.12 2.39 38 
Ill 246 WHG 1.2 1.10 10.79 35 13.88 :II 
0. 247 WHG 1.1 1.3 1.20 11 .77 41 15.39 
~ 
:II 

248 WHG 1.1 1.3 1.20 11.77 35 14.86 
ID 249 WHG .., 1.1 1.3 1.20 11.77 29 14.33 38 14.12 14.12 2.39 38 
!. 251 WHC 1.2 1.4 1.30 12.75 29 15.31 
;" 
D.. 

252 WHG 1.2 1.4 1.30 12.75 29 15.31 30 11.67 11 .67 2.39 38 
c 
Ill 

254 Wa 1.1 1.3 1.20 11.77 52 16.36 ... 255 Wa 1.1 1.3 1.20 11 .77 52 16.36 3 44.89 18.72 22.50 0 .., 
ii' 256 We 1.2 1.4 1.30 12 .75 52 17.34 Ill 

VI 257 We 1.2 1.4 1.30 12.75 45 16.73 3 46.13 19.97 28.73 0 "g 
ID 258 WIA 1.2 1.4 1.30 12.75 45 16.73 n 
~ 259 WIA 1.2 1.4 1.30 12.75 52 17.34 

'V 260 WIA 
Ill 

1.2 1.4 1.30 12 .75 45 16.73 108 46.35 46.35 28.73 0 
'C 261 WIA 1.2 1.4 1.30 12.75 45 16.73 
ID .., 

26 2 WIA 1.2 1.4 1.30 12.75 52 17.34 

~ 263 WIA 1.3 1.5 1.40 13.73 50 18.15 108 48.86 48.86 28.73 0 

264 WIC 1.2 1.4 1.30 12.75 45 16.73 

265 WIC 1.2 1.4 1.30 12.75 52 17.34 

266 WIC 1.2 1.4 1.30 12.75 45 16.73 108 46.35 46.35 28.73 0 

267 WtE 1.35 1.5 1.43 13.98 29 16.54 

268 WtE 1.3 1.4 1.35 13.24 31 15.98 19 7.77 7.77 2.39 35 

270 WuA 1.2 1.4 1.30 12.75 45 16.73 

271 WuA 1.2 1.4 1.30 12.75 52 17.34 

272 WuA 1.3 1.5 1.40 13.73 50 18.1 5 108 48.86 48.86 28.73 0 
273 WuC 1.2 1.4 1.30 12.75 45 16.73 

~ 
274 WuC 1.2 1.4 1.30 12.75 52 17.34 VI 



APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

County Unit Unit 
10 __ ..:..:10=-- __ ____.:N..:..:ame 

Marion County 

275 WuC 

276 WuD 

277 WuD 

278 WuD 

Polk County 

I lA 

2 lA 

3 18 

4 18 

5 2 

6 2 

7 3 

8 3 
9 40 

10 40 

11 40 
12 4E 

13 4E 

14 4E 

1 s 50 

16 50 

17 so 
18 50 

19 5E 

20 SE 

21 5E 
22 SE 
23 6A 

24 6A 

25 6A 

26 6C 

27 6C 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

ABIQUA 

AMITY 

AMITY 

Af7T 

Af7T 

APT 

APT 
Af7T 

Af7T 

ASTORIA 

ASTORIA 

ASTORIA 

ASTORIA 

ASTORIA 

ASTORIA 

ASTORIA 

ASTORIA 

BASHAW 

BASHAW 

BASHAW 

BASHAW 

BASI IAW 

layer 
Number 

3 

2 

3 

1 

2 

2 

1 

2 

1 

2 

2 

3 

1 

2 
3 

I 

2 

3 
4 

I 

2 

3 

4 

2 

3 

2 

uses 

Cl·Ml Ml 

Ml 

Cl 
CI·ML Ml 

Ml 

CLCH 

Ml 
CLCH 

ML 

MH 

Ml 
Cl 
ML MH 

MH 

MH Ml 

Ml MH 

MH 

MH Ml 

ML 
Ml 

MH 

MH 

ML 

Ml 

MH 

MH 

CL 
CH 

CH 

CH 

CH 

uyer 
Depth

low 
(In) 

32 
0 

17 

32 

0 

25 
0 

25 

0 

25 

0 

25 
0 

8 

66 

0 

8 

66 

0 

10 

19 

49 
0 

10 
19 

49 
0 

11 

51 

0 

11 

u yer 
Depth

High 
(in) 

68 

17 

32 
68 

2S 
60 

25 
60 

25 

60 

25 
63 

8 

66 

78 
8 

66 

78 
10 
19 

49 
61 

10 

19 

49 
61 

11 

51 

60 
11 

60 

Cliay Clay liquid 
Max Content- Content- limit-

Thickness low High low 
(m) ___::.<"::..l __ __:("~l ___ !?6:::.::....> 

1.93 

0.43 
0.38 
1.93 

0.64 

2.11 

0.64 

2.11 

0.64 

2.11 

0.64 

2.11 

0.20 

1.47 

0.30 

0.20 

1.47 

0.30 

0.25 

0.23 
0.76 
1.50 

0.25 

0.23 

0.76 

1.50 

0 .28 

1.02 

1.45 

0.28 

2.46 

IS 
10 
20 

15 

27 
JS 
27 
35 
27 
4 5 

15 

27 

30 

45 

30 
30 

4'i 

30 

20 

25 
35 

27 
20 

25 
35 
27 

35 
55 

so 
60 
60 

30 
20 

35 
30 

40 

50 
40 

50 

35 
50 

25 
35 

40 

60 

45 

40 
60 

45 

27 
35 

60 

35 
27 
35 
60 
35 

40 

70 
70 
80 
80 

2S 
2S 
30 

25 

3S 

40 

35 
40 

35 
so 
30 
40 

40 
50 

40 

40 

50 

40 

40 
40 
50 

so 
40 
40 

50 

50 

40 

70 

60 

50 
70 

Liquid 
limit 
High-

(") 

35 
30 
40 

35 

40 
55 
40 

ss 
40 
60 

40 
4 5 

60 

60 

60 

60 

60 

60 

so 
so 
60 

60 

so 
so 
60 

60 

50 

90 

90 
60 

90 

Plasticity Plasticity 
Index- Index-

low ...:.H...:.Ig~h;;__ __ 

s 
0 

10 

5 

10 

15 

10 

15 

10 
20 

5 

15 

10 

10 
10 
10 

10 

10 

0 

5 
10 

10 

0 
5 

10 

10 

20 

40 

JS 
25 

40 

10 
5 

20 

10 

15 

30 

15 

30 

15 

30 
10 

20 

20 

20 

20 

20 

20 

20 

s 
10 

15 

15 

5 
10 

15 

15 

30 

60 

60 
35 

60 



0 APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES .., 
~ 
IC Moist Bulk Moist Bulk Dry Unit Total Depth to Total Effective Angle of 
0 
:I Density- Density-- Dry Bulk Weight Unit Water No rmal Normal Internal 

c County Unit low High Dens ity (S • 90") Porosity Weight Table St ress Stress Cohesion Friction 
~ ID 10 (kg/m1) (kg/ m1) (kg/m1) (kN/m1) (") (kN/m1) (in) (kPa) (kPa) (kPa) (degrees) , 

Marlon County Ill 
~ 
3 275 WuC 1.3 1.5 1.40 13.73 so 18.1 s 108 48.86 48.86 28.73 0 
~ 

276 WuD 1.2 :I 1.4 1.30 12.75 45 16.73 ,.. 
0 277 WuD 1.2 1.4 1.30 12.75 52 17.34 .... 
" 

278 WuO 1.3 1.5 1.40 13.73 50 18.15 108 48.86 48.86 2.8. 73 0 
~ 
0 
0 Polk County 
IC 
"< 1 lA 1.2 1.3 1.25 12.26 52 16.85 
Ill 2 1A 1.2 1.3 1.25 12.26 52 16.85 108 46.23 46.23 28.73 0 :I 
Q. 3 18 1.2 1.3 1.25 12.26 52 16.85 
~ 4 18 1.2 1.3 1.25 12.26 52 16.85 108 46.23 46.23 28.73 0 
:I 
It 5 2 1.2 1.3 1.2 5 12.26 52 16.85 .., 
~ 6 2 1.3 1.5 1.40 13.73 52 18.33 108 49.33 49.33 28.73 0 
5' 
Q. 

7 3 1.2 1.45 1.33 13.00 45 16.97 
c 8 3 1.2 
Ill 

1.4 1.30 12.75 52 17.34 12 47.34 23.42 28.73 0 ,.. 
9 40 1.1 1.3 1.20 11.77 52 16.36 .., 

; · 
10 40 1.1 1.3 1.20 11.77 52 16.36 Ill .., 11 40 1.1 1.3 1.20 11.77 52 16.36 0 32.42 12.98 28.73 0 , 

ID 12 4E 1.1 1.3 1.20 11.77 52 16.36 " 
!!.. 13 4E 1.1 1.3 1.20 11.77 52 16.36 

'V 
Ill 

14 4E 1.1 1.3 1.20 11.77 52 16.36 0 32.42 12.98 28.73 0 , 
It 

15 50 0.85 0.95 0.90 8.83 45 12.80 .., 
w 16 50 0.7 1 0.85 8.34 45 12.31 

0 17 50 0.9 1.2 1.05 10.30 52 14.89 

18 50 0.9 1.2 1.05 10.30 52 14.89 108 39.73 39.73 28.73 0 
19 5E 0.85 0.95 0.90 8.83 45 12.80 

20 5E 0.7 1 0.85 8.34 45 12.31 

21 5E 0.9 1.2 1.05 10.30 52 14.89 

22 5E 0.9 1.2 1.05 10.30 52 14.89 108 39.73 39.73 28.73 0 

23 6A 1.1 1.3 1.20 11.77 52 16.36 

24 6A 1.1 1.3 1.20 11.77 52 16.36 
~5 6A 1.1 1.3 1.70 11 .77 52 16.36 3 44.89 18.7] 2 ~ . 50 0 

26 6C 1.2 1.35 :.28 12.51 52 17.10 

"" 27 6C 1.2 1.30 12.75 52 17.34 47.51 21.35 ...., 1.4 3 22.50 0 



A 
00 

0 .., 
ID 

10 
0 
:a 
c 
ID 
'a 
Ill 
~ 
3 
ID 
:a .. 
2. 
Cl 
ID 
0 
0 

10 
'< 
Ill 
:a a. 
3: 
:a 
ID .., 
!!. 
:II 
a. 
c 
Ill ,.. .., 
iii' 
Ill 

Ill 
'a 
ID ,... 
!: ., 
Ill 
'a 
ID .., 
w 
0 

County 
ID 

Unit 
ID 

Polk County 

28 

29 

30 

31 
32 
34 

35 
37 

38 

40 

41 

43 

44 
46 

47 

48 

49 

50 
51 

53 
54 

56 

57 

59 

60 
61 

62 

63 

64 

65 

66 

67 
68 

7 

7 

7 

8C 

8C 

80 

80 

8E 

BE 

SF 

8F 

8G 
8G 
90 

90 

9E 

9E 
100 

100 
IOE 

10E 
10F 

IOF 

11 

11 

11 

12A 
12A 
12A 
12C 
12C 
12C 
120 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

BASHAW 

BASHAW 

BASHAW 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BELLPINE 

BLACHLY 

BLACHLY 

BLACHLY 

BLACHLY 

BOHANNON 

BOHANNON 

BOHANNON 

BOHANNON 

BOHANNON 

BOHANNON 

BRENNER 

BRENNER 

BRENNER 

BRIEDWELL 

BRIEDWELL 

BRIEDWELL 

BRIEDWELL 

BRIEDWELL 

BRIEDWELL 

BRIEOWELL 

layer 
Number 

1 

2 
3 

2 

1 

2 

2 

1 

2 

1 

2 
1 

2 

1 

2 

1 

2 

1 

2 

I 

2 

2 

3 

2 

3 

2 

3 

U5C5 

CH 

CH 
CH 

CL 

MH 

Cl 
MH 
CL 

MH 

CL 

MH 
Cl 
MH 
MH 

MH 
MH 
MH 
GM SM 

SC-SM GC 

GM SM 

SC·SM GC 

GM SM 

SC·SM CC 

ML 
CL 

MH Ml 

ML 

CLGC 

GC 

ML 

CLGC 

GC 
M'-

uyer 
Depth

Low 
(In) 

0 

4 

46 

0 

9 

0 

9 
0 

9 

0 

9 

0 

9 

0 

15 

0 
15 

0 

16 
0 

16 

0 

16 

0 
I I 

16 
0 

10 
17 

0 

10 

17 
0 

uyer 
Depth

High 
(in) 

4 

46 
60 

9 

32 

9 

32 
9 

32 
9 

32 
9 

32 
15 

60 
15 

60 
16 

34 

16 

34 

16 

34 

11 

16 

60 

10 

17 

60 
10 

17 

60 
10 

Clay 
Max Content-

Thickness low 
(m ) (%) 

0.10 

1.07 
1.57 
0.23 

0.58 

0.23 

0.58 
0.23 
0.58 

0.23 

0.58 

0.23 
0.58 

0.38 

2.36 

0.38 

2.36 

0.41 
0.46 
0.41 
0.46 
0.41 

0.46 
0.28 
0 .13 

2.34 

0.25 

0.18 

2.31 
0.25 

0.18 

2.31 
0.25 

55 

55 
50 

27 
40 

27 
40 

27 
40 

27 
40 

27 
40 

27 

40 

27 
40 

1 s 
1B 

15 

18 

15 

18 

20 
18 

27 
1 s 
27 
27 
15 

27 

27 
15 

Clay 
Content

High 
(%) 

70 

70 

70 
35 

55 
35 

55 
35 

55 

35 

55 

35 
55 
40 

so 
40 

50 

25 

30 
25 
30 
25 

30 
27 
30 

so 
25 

35 

30 
25 
35 

30 

25 

Liquid 
Limit
Low 
(%) 

70 
70 

60 

35 

so 
35 

so 
35 

50 
35 

so 
35 
50 

50 

50 

50 
so 
30 
25 
30 
25 

30 

25 
25 
30 

35 

25 

30 
30 

25 
30 

30 
25 

Liquid 
Limit 
High-

(%) 

90 

90 

90 

45 

60 
45 

60 
45 

60 
45 

60 
45 

60 
65 

65 

65 

65 

45 

35 
45 

35 
45 

35 

35 
40 

55 
35 

40 

35 

35 

40 

35 

35 

Plasticity Plasticity 
Index- Index-
low High 

40 

40 

35 

15 

20 

15 

20 
15 

20 

15 

20 

15 

20 

5 

10 

5 
10 

0 

5 

0 

5 

0 

5 

0 

10 

10 

0 

10 
10 

0 

10 

10 
0 

60 

60 
60 
20 

25 
20 

25 

20 

25 

20 

25 

20 
25 
15 

20 
IS 

20 

10 
15 

10 
15 

10 

15 

5 
20 
20 

10 

15 

15 

10 

15 

15 

10 



w 
0 

County Unit 
10 10 

Polk County 

28 7 

29 7 

30 7 

31 8C 

32 8C 
34 80 

35 80 

37 8E 

38 8E 

40 

41 

43 

44 

46 

47 

48 

49 

50 
51 

53 

54 

56 

57 

59 

60 

61 

62 

63 
64 
65 

66 

67 

68 

8F 

SF 

8G 

8G 

90 

90 

9E 

9E 

100 

100 

lOE 

lOE 

IOF 
IOF 
11 

11 

11 

12A 

12A 

12A 
12C 

12C 

12C 

120 

Moist Bulk 
Density

Low 
(kg/ml) 

1.1 

1.1 

1.1 

1.2 

1.1 

1.2 

1.1 

1.2 

1.1 

1.2 

1.1 

1.2 

1.1 

1.1 

1.1 

1.1 

1.1 

0.85 

0.85 

I 

0.85 

0.9 

1.1 

1.1 

1.1 

1.2 

1.2 
1.1 

1.2 

1.2 

1.1 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kg/ml) 

1.3 

1.3 

1.3 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.2 

1.3 

1.2 

1.3 
0.95 

1.3 

0.95 

1.3 

0.95 

1.3 

1.2 

1.3 

1.3 

1.3 

1.3 
1.3 
1.3 

1.3 

1.3 

1.3 

Dry Bulk 
Density 
(kg/ml ) 

1.20 
1.20 

1.20 

1.30 
1.25 

1.30 

1.25 

1.30 

1.25 
1.30 

1.25 

1.30 

1.25 

1.15 

1.20 

1.15 

1.20 
0 .90 

1.15 

0 .90 

1.15 

0 .90 

1.15 

1.05 

1.20 

1.20 

1.20 
1.25 

1.25 
1.20 

1.25 

1.25 

1.20 

Dry Unit 
Weight 

(S = 90%) 
(kN/ml) 

11.77 

11.77 

11.77 

12.75 

12.26 

12.75 

12.26 

12.75 

12.26 

12.75 

12.26 

12.75 

12.26 

11 .28 

11.77 

11.28 

11.77 

8.83 

11 .28 

8.83 
11.28 

8.83 

11 .28 

10.30 

11.77 

11.77 

11.77 

12.26 

12.26 
11.77 

12.26 

12.26 

11.77 

Porosity 
(%) 

5~ 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

32 

35 

32 

35 

32 

35 
45 

52 

52 

45 

43 

31 
45 

43 

31 

45 

Total 
Unit 

Weight 
(kN/ml) 

16.36 

16.36 

16.36 

17.34 

16.85 

17.34 

16.85 

17.34 

16.85 

17.34 

16.85 

17.34 

16.85 

15.87 

16.36 

15.87 

16.36 

11.65 

14.37 

11 .65 
14.37 

11.65 

14.37 

14.27 

16.36 

16.36 

15.75 

16.06 

15.00 
15.75 

16.06 

15.00 

15.75 

Depth to 
Water 
Table 

(In) 

3 

0 

0 

0 

0 

0 

108 

108 

0 

0 

0 

6 

108 

108 

Total 
Normal 
Stress 
(kPa) 

44.89 

13.81 

13.81 

13.81 

13.81 

13.81 

44.70 

44.70 

11.31 

11.31 

11.31 

44.30 

41.52 

41.52 

Effective 
Normal 
Stress 
(kPa) 

18.72 

5.84 

5.84 

5.84 

5.84 

5.84 

44.70 

44.70 

2.84 

2.84 

2.84 

18.89 

41 .52 

41.52 

Cohesion 
(kPa) 

22.50 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

2.39 

2.39 

2.39 

28.73 

2.39 

2.39 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

0 

0 

0 

0 

0 

33 

33 

33 

0 

35 

35 



V1 
0 

County 
10 

Unit 
10 

Polk County 

69 
70 
71 

72 

73 

74 

75 

76 
77 

79 
80 
82 

83 
85 
86 

88 
89 

90 

91 
92 

93 
94 

95 
96 
97 
98 
99 

100 

101 

102 

103 

10S 

106 

120 
120 
13 

13 

14 

14 
14 

1SC 

15C 

15E 

15E 

16E 

16E 

16E 

16E 
17 
17 

17 

18 
18 
19 
19 
20 

20 
20 

21 
21 
22 

22 

230 

230 
HE 
23E 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

BRIEDWELL 

BRIEDWELL 

CAMAS 

CAMAS 

CHEHALIS 
CHEHALIS 

CHEHALIS 

CHEHULPUM 

CHEHULPUM 

CHEHULPUM 

CHEHULPUM 
CHEHULPUM 

CHEHULPUM 

CHEHULPUM 

CHEHULPUM 
CLOQUATO 
CLOQUATO 

ClOQUATO 

COBURG 

COBURG 

COBURG 

COBURG 

CONCORD 

CONCORD 

CONCORD 

COVE 

COVE 

COVE 

COVE 

CRUISER 

CRUISER 

CRUISER 

CRUISER 

layer 
Number 

2 

3 

1 

2 

1 

2 
3 

1 

2 

1 

2 

2 

2 

2 

3 

1 

2 

2 

2 

3 

2 

1 

2 

1 

2 

2 

uses 

CLGC 

GC 
GMSM 

CP CP-CM 

Cl 
ML 

CL 

Ml 

ML 

ML 

ML 

ML 

ML 

ML 

Ml 
ML 
ML 
SM 

Cl 
CL 

MLCL 

CL 

Ml 

Cl 
ML 

Cl 
CH 

CL 

CH 

SM 

GM MH 

SM 

Glul MH 

layer 
Depth

low 
(in) 

10 
17 

0 

12 

0 
12 
47 

0 

6 

0 

6 
0 

6 

0 

15 

0 
34 

45 

·o 
15 

0 

1S 

0 

8 

31 

0 
8 

0 

19 

0 

12 
0 

12 

Layer 
Depth

High 
(in) 

17 

60 
1 2 

60 

12 
47 
64 

6 

16 
6 

16 
6 

16 
I S 

26 

34 
45 
60 

15 

60 

15 

60 

8 

31 

60 

B 
60 

19 
60 

12 
42 
12 
42 

Clay 
Max Content-

Thickness low 
(m) (%) 

0.18 
2.31 
0.30 
2.44 

0.30 
0.89 
1.55 

0.15 
0.25 
0.15 
0.25 
0.1 s 
0.25 
0.38 

0.28 
0 .86 

0 .28 

1.60 

0.38 

2.36 
0.38 
2.36 
0 .20 

0 .58 

1.96 

0.20 

2.S4 

0 .48 

2.26 

0 .30 

0.76 

0.30 

0 .76 

27 
27 

5 

0 

30 
25 
25 

18 

20 
18 
20 
18 

20 
20 
27 

s 
s 
2 

27 

35 
28 
3S 
20 

35 

20 

30 
so 
30 

50 
18 

20 
18 

20 

Clay 
Content

High 
(%) 

35 
30 
10 

5 

40 
35 
45 

27 

30 

27 
30 
27 
30 
27 

35 
15 
1S 
10 

35 

45 
33 

40 
25 

50 
35 
40 

60 

40 

60 

27 

30 
27 

30 

Liquid 
limit
low 
(%) 

30 
30 

40 
35 
30 

25 

30 

25 
30 
2S 

30 

30 
40 
20 
20 

0 

30 
40 

35 
40 
30 

40 

30 

30 

60 
30 
60 

0 

so 
0 

50 

Liquid 
limit 
High-

(%) 

40 

35 

50 
45 
45 

35 

40 

35 

40 
3S 
40 

40 

50 
30 
30 
14 

40 
50 
40 
so 
40 

50 
40 

40 
80 
40 

80 

14 

60 
14 

60 

Plasticity Plasticity 
Index- Index-
low High 

10 
10 

0 

0 

20 
s 

10 

0 

5 

0 

5 
0 

5 

5 

5 
0 
0 

0 

10 
15 

10 
1 s 

5 

15 

5 

10 
40 

10 

40 

0 

s 
0 

5 

15 
15 

0 

0 

30 
1 s 
20 

10 
10 

10 
10 
10 
10 
10 

15 

s 
5 

0 

15 
25 
15 
25 
10 

25 
10 

20 
50 
20 

50 
0 

10 
0 

10 



V1 

County Unit 
ID ID 

Polk Co11nty 

69 12D 

70 12D 

71 

72 

73 

74 

75 

76 

77 

79 

80 

82 
83 
85 

86 

88 

89 

90 
91 

92 

93 

94 

95 

96 

97 

98 

99 
100 

101 

102 

103 

105 

106 

l3 

13 

14 

14 

14 
15C 

15C 

15E 

lSE 
16E 

16E 
16E 

16E 

17 

17 

17 

18 

18 

19 

19 
20 

20 

20 

21 

21 

22 

22 

23D 

23D 

23E 

23E 

Moist Bulk 
Density

low 
(kg/ml) 

1.2 

1.2 

1.3 

1.4 

1.1 

1.2 

1.3 

1.3 

1.3 

1.3 

1.3 
1.3 
1.3 
1.3 

1.3 

1.2 

1.3 
1.3 

1.2 

1.2 

1.2 

1.25 
1.4 

1.3 

1.4 

1.25 

1.2 

1.25 

1.2 

0.85 

0.9 

0.85 

0.9 

APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kg/ml) 

1.3 
1.3 

1.5 

1.6 

1.3 

1.4 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 
1.4 

1.4 

1.4 

1.5 

1.5 

1.4 

1.4 

1.3 

1.35 

1.6 

1.5 

1.6 

1.35 

1.3 

1.35 

1.3 

0 .95 

I 

0.95 

Dry Bulk 
Density 
(kg/ml) 

1.25 
1.25 

1.40 

1.50 

1.20 

1.30 

1.40 

1.35 

1.35 

1.35 

1.35 
1.35 

1.35 
1.35 

1.35 

1.30 

1.40 

1.40 

1.30 

1.30 

1.25 

1.30 

1.50 

1.40 

1.50 

1.30 

1.25 

1.30 

1.25 
0.90 

0.95 

\).90 

0.95 

Dry Unit 
Weight 

(S = 90%) 
(kN/ml) 

12.26 

12.26 

13.73 
14.7:2 

11.77 

12 .75 

13.73 

13.24 

13.24 

13.24 

13.24 

13 .24 

13.24 

13 .24 

13 .24 

12.75 

13 .73 

13 .73 

12.75 

12 .75 

12.26 

12 .75 

14.72 

13.73 

14.72 

12.75 

12.26 

12.75 

12.26 

8.83 

9 .32 

8.83 

9.32 

Porosity 
(") 

43 

31 

32 
29 

52 

45 

52 

45 

45 

45 

45 

45 

45 

45 

52 

45 

45 

35 

52 

52 

52 

52 

45 

52 

45 

52 

52 

52 
52 

35 

35 

35 

35 

Total 
Unit 

Weight 
(kN/ml) 

16.06 

15.00 

16.56 

17.28 

16.36 

16.73 

18.33 

17.22 

17.22 

17.22 

17.22 

17.22 

17.22 

17.22 

17.83 

16.73 

17.71 

16.82 

17.34 

17.34 

16.85 

17.34 

18.69 

18.33 

18.69 

17.34 

16.85 

17.34 
16.85 

11 .92 

12.41 

11 .92 

12.41 

Depth to 
Water 
Table 

(in) 

108 

108 

108 

0 

0 

0 

0 

108 

24 

24 

3 

6 

6 

0 

0 

Total 
Normal 
Stress 
(kPa) 

41.52 

47.17 

48.25 

7.00 

7.00 

7.00 

11 . 54 

46.31 

47. 58 

47.39 

51.05 

46.33 

46.47 

13.09 

13.09 

Effective 
Normal 
Stress 
(kPa) 

41 .52 

47.17 

48.25 

3.01 

3.01 

3.01 

5.06 

46.31 

26.65 

26.46 

24.89 

20.92 

21 .05 

2.62 

2.62 

Cohesion 
(kPa) 

2.39 

2.39 

28.73 

28.73 

28.73 

28.73 

28.73 

2.39 

28.73 

28.73 

28.73 

22.50 

22.50 

2.39 

2.39 

Angle of 
Internal 
Friction 

(degrees) 

35 

37 

0 

0 

0 

0 

0 

35 

0 

0 

0 

0 

0 

37 

37 
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County 
ID 

Unit 
ID 

PolkCouttty 

108 
109 
111 

112 

113 

114 

11S 
116 

117 

119 

120 
122 
123 
124 

125 

126 

127 
128 
129 

130 

131 

133 
134 

135 

137 
138 
139 

14 1 

142 
143 
144 

145 

146 

23F 

23F 

240 

240 

25 
25 
2S 
26C 

26C 

260 

260 
27C 
27C 
no 
270 

28 
28 
28 
29( 

29C 
29C 
29D 
290 

29D 

29E 
29E 
29E 
30C 

30C 
30( 

30D 
30D 

30D 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

CRUISER 

CRUISER 

Layer 
Number 

2 
CllMIFY 1 

CUMl EY 2 

DAYTON 1 

DAYTON 2 

DAYTON 3 

DIXONVIIIF 

DIXONVILLE 2 

DIXONVILLE 1 

DIXONVILLE 2 

DUPEE 

DUPEE 2 

DUPEE 1 

DUPEE 2 

GRANDE RONDE 

GRANDE RONDE 2 

GRANDE RONDF 3 

HAZELAIR 1 

HAZELAIR 2 
HAZELAIR 3 

HAZELAIR 

HAZELAIR 2 
HAZELAIR 3 
HAZELAIR 

HAZELAIR 2 

HAZELAIR 3 

HELMICK 1 

HELMICK 2 
HELMICK 3 

HELMICK 

HELMICK 2 

HELMICK 3 

uses 

SM 

GM MH 

CL ML 

MH 

ML 

ML 

CH 

Cl 

CH 

CL 

CH 

ML 

MH 

Ml 

MH 

ML 

CH 

CH 

CL 

CL 

CH 

CL 

CL 

CH 
CL 
CL 

CH 
ML 

Cl 

CH 
ML 

CL 

CH 

layer 
Depth

low 
{In) 

0 

12 
0 

7 

0 

5 

12 
0 

16 

0 
16 

0 

9 

0 

9 
0 

7 

26 

0 

10 

17 
0 

10 
17 

0 
10 

17 

0 

10 

16 
0 

10 

16 

layer 
Depth

High 
{In) 

12 
42 

7 

60 
5 

12 

60 
16 

39 
16 

39 

9 

62 

9 

62 

7 

26 

62 

10 

17 

38 
10 
17 

38 
10 
17 

38 

10 
16 

62 
10 

16 

62 

Clay 
Max Content-

Thickness low 
{m) {~) 

0.30 
0.76 
0.18 

2.57 

0.13 
0.18 
2.44 
0 .41 

0.58 
0.41 
O.S8 
0 .23 
2.51 
0.23 

2.51 
0.18 
0 .48 

2.08 

0.25 
0.18 
0 .53 

0 .25 

0.18 
0.53 
0 .25 

0.18 

0 .53 

0 .25 

0 .15 

2.34 
0 .75 

0.15 

2.34 

18 
20 
27 

40 

15 

15 
40 

27 

40 
27 

40 
15 

35 
15 

35 
30 
50 

55 
22 

35 

60 
22 

35 

60 
22 

35 

60 
18 
27 

40 

18 
27 

40 

Clay 
Content

High 
{%) 

27 

30 
35 

55 

20 
30 
so 
40 
60 
40 
60 
27 

so 
27 

so 
40 
70 
70 
27 
so 
70 

27 
50 
70 
27 

50 

70 
27 
4S 

50 
27 

45 

so 

liquid 
limit
Low 
{%) 

0 

so 
35 

50 

30 
30 
55 

35 

so 
35 
so 
30 
50 

30 

so 
40 

55 

60 
30 

40 

60 
30 
40 
60 
30 
40 

60 
30 
40 
60 

30 

40 

60 

liquid 
lim it 
High-

{%) 

14 

60 
40 

60 
35 

40 

70 
40 
80 
40 
80 
40 

60 
40 

60 
50 
70 
70 
40 

50 

80 
40 
so 
80 
40 

50 

80 
40 
50 
80 
40 

so 
80 

Plasticity Plasticity 
Index- Index-

Low High 

0 

5 

10 
15 
s 
5 

35 

15 
30 
1S 
30 

5 

20 

5 
20 
10 

35 
40 

10 
20 

40 

10 
20 
40 

10 
20 

40 

5 
15 
40 

5 

15 
40 

0 

10 
15 

25 

10 
15 

45 

20 
50 

20 
50 

10 

25 

10 

25 
20 
50 
50 
20 
25 

so 
20 
25 
50 
20 

25 
so 
15 

25 
so 
I 5 

25 
50 
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APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk Moist Bulk Dry Unit Total Depth to 
Density- Density·· Dry Bulk Weight Unit Water 

County Unit Low High Density (S = 90%) Porosity Weight Table 
10 10 (kg/m3) (kg/ml ) (kg/m3) (kN/m3) (") (kN/ml) (in) 

~P~olnk~C~o~u~n7ty~----------------~--------------------------------------------

108 23F 

109 23F 

111 240 

112 240 

113 25 

114 25 

115 25 

116 26C 

117 26C 

119 260 
120 260 

122 27C 

123 27C 

124 270 

125 270 

126 28 

127 28 

128 28 

129 29C 

130 29C 

131 29C 

133 290 

134 290 

135 290 

137 

138 

139 
141 

142 

143 

144 

145 

146 

29E 

29E 

29E 

30C 

30C 

30C 

300 

300 

300 

0.85 

0.9 

1.2 

1.3 

1.3 

1.25 

1.25 

1.3 

1.3 

1.3 
1.3 

1.1 

1.25 

1.1 

1.25 

1.2 

1.3 

1.3 

1.2 

1.05 

1 

1.2 

1.05 

1.2 

1.05 

1 
1.1 

1.2 

1.25 

1. 1 

1.2 

1.25 

0.95 

I 

1.4 

1.4 

1.4 

1.4 

1.4 

1.5 

1.6 

1.5 
1.6 

1.3 

1.35 

1.3 
1.35 

1.3 

1.4 

1.4 

1.4 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

1.2 

1.2 
1.2 

1.4 

1.4 

1.2 

1.4 

1.4 

0.90 

0.95 

1.30 

1.35 
1.35 

1.33 

1.33 

1.40 

1.45 

1.40 
1.45 

1.20 

1.30 

1.20 
1.30 

1.25 

1.35 

1.35 
1.30 

1.13 

1.10 

1.30 

1.13 

1.10 

1.30 

1.1 3 

1.10 

1.15 

1.30 

1.33 

1.1 5 

1.30 

1.33 

8.83 

9.32 

12 .75 

13 .24 

13 .24 

13 .00 

13.00 

13.73 

14.22 

13.73 
14.22 

11.77 

12.75 

11.77 
12.75 

12.26 

13.24 

13.24 

12.75 

11 .04 

10.79 

12.75 

11 .04 

10.79 

12.75 

11 .04 

10.79 

11.28 

12.75 

13.00 

11 .28 

12.75 

13.00 

35 

35 
52 

52 

45 

45 

52 
52 

52 

52 

52 

45 

52 

45 
52 

52 

52 

52 

52 
52 

52 

52 

52 

52 

52 

52 

52 

45 
52 

52 

45 

52 
52 

11 .92 

12.41 

17.34 

17.83 

17.22 

16.97 

17.59 

18.33 

18.82 

18.33 

18.82 

15.75 

17.34 

15.75 
17.34 

16.85 

17.83 

17.83 

17.34 

15.63 

15.38 

17.34 

15.63 

15.38 

17.34 

15 .63 

15.38 

15.25 
17.34 

17.59 

15.25 

17.34 

17.59 

0 

30 

12 

0 

0 

18 

18 

21 

18 

18 

18 

18 

18 

Total 
Normal 
Stress 
(kPa) 

13.09 

48.84 

48.09 

18.44 

18.44 

47.21 

47.21 

48.75 

15.39 

15.39 

15.39 

47.62 

47.62 

Effective 
Normal 
Stress 
(kPa) 

2.62 

29.40 

24. 17 

8.72 

8 .72 

24.79 

24.79 

27.07 

10.41 

10.41 

10.41 

25.19 

25.19 

Cohesion 
(kPa) 

2.39 

28.73 

22.50 

22 .50 

22.50 

28.73 

28.73 

22.50 

22.50 

22. 50 

22.50 

22.50 

22.50 

Angle of 
Internal 
Friction 

(degrees) 

37 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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10 

Polk Cou,ty 

147 

148 

149 

150 

151 

152 

153 

154 

155 
157 

158 
160 

161 

163 
164 
165 
166 

167 

168 
169 

170 

171 

172 

173 

174 

175 

176 

177 

178 
179 

180 

181 

182 

30E 
30E 

30E 
3iC 

3iC 

310 

310 

320 

320 
~2F 

32E 
32F 
32F 

33 

33 

33 

340 

340 

34E 

34E 
34F 

34F 

3SC 

35C 

350 

350 
3SE 
3SE 
36C 

36C 

'160 

360 

36E 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

HELMICK 

HELMICK 

HELMICK 

HELVETIA 

HELVETIA 

Hfl VFTIA 

HELVETIA 

HEMBRE 

HEMBRE 

HEMBI!E 

HEMBRE 

HEMBRE 

HEMBRE 

HOLCOMB 

HOLCOMB 

HOLCOMB 

HONEYGROVE 

HONEYGROVE 

HONEYGROVE 

HONEYGROVF 

HONEYGROVE 

HONEYGROVE 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

Layer 
Number 

1 

2 

3 

2 

1 

2 

1 

2 

1 

2 

2 

2 

3 

1 
2 

I 

2 

2 

2 

2 

I 

2 

2 

1 

2 

1 

uses 

ML 

CL 

CH 

ML 

Layer 
Depth

Low 
(In) 

0 

10 

16 

0 

ML MH CL CH 15 

ML 0 

ML MH CL CH 15 

ML GM SM 0 

ML MH 10 

ML GM SM 0 

ML MH 10 

ML GM SM 0 

ML MH 10 

ML 0 

ML CL 18 

CH 24 

ML 0 
MH 15 

ML 0 

MH IS 

ML 0 

MH IS 

ML 0 
CL 20 

ML 0 

CL 20 

ML 0 
CL 20 

ML 0 
CL 20 

ML 0 
CL 20 

ML 0 

Layer 
Depth
High 
(In) 

10 

16 

62 

15 

62 

15 

62 
10 

54 

10 

54 

10 

54 

18 

24 

60 
IS 

62 

15 

62 

I 5 

62 
20 
70 

20 

70 

20 

70 

20 
70 

20 

70 

20 

Clay 
Max Content-

Thickness Low 
(m) (%) 

0 .25 

0 .15 

2.34 

0 .38 

2 .36 

0.38 

2.36 
0 .25 

1.12 

0.25 
1.12 

0 .25 

1.12 

0 .46 

0.15 

2.13 

0.38 
2 .36 

0.38 
2.36 
0 .38 

2.36 

0 .51 

2.24 

0 .51 

2.24 

0 .51 

2.24 

0 .51 

2.24 
0.51 

2.24 
0.5 1 

18 

27 

40 

15 

35 

15 

35 
18 

27 

18 

27 
18 
27 
20 

25 

40 

30 
so 
30 

50 

30 
so 
18 

45 

18 

45 
18 

45 

27 

45 
27 
45 
27 

Clay 
Content

High 
(%) 

27 
45 

50 

25 

50 
25 

so 
27 
32 

27 

32 

27 
32 

25 

30 
so 
40 

60 

40 

60 

40 

60 

27 

60 

27 
60 
27 
60 
40 

60 

40 

60 

40 

Liquid 
Limit
Low 
(%) 

30 

40 

60 

25 
40 

25 

40 

30 
40 

30 
40 

30 
40 

30 

30 

60 

30 
55 
30 

55 

30 

55 
35 
40 
35 

40 

35 

40 

40 

40 

40 

40 
40 

Liquid 
Limit 
High-

(%) 

40 

so 
80 

35 

55 

35 
55 
40 

55 
40 

55 

40 

55 

35 

40 

80 
40 
70 

40 

70 
40 

70 

40 

50 

40 

so 
40 
50 

50 

so 
so 
50 
so 

Plasticity Plasticity 
Index- Index-

Low High 

5 
15 
40 

0 

I 5 

0 

15 
5 

5 
s 
5 
5 

5 

5 

5 

40 

5 

10 

5 

10 

5 
10 

5 

15 

s 
15 

5 

15 

10 
15 
10 

15 

10 

15 
25 
50 

5 

25 

5 
25 

10 

IS 

10 

15 
10 

IS 

10 

15 
50 

10 

20 

10 

20 

10 
20 

10 
25 

10 

25 

10 
25 
15 

25 
15 
25 

15 
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County Unit 
iD ID 

Polk County 

i47 30E 

i48 30E 

i49 

i50 

i5i 

i52 
i53 
i54 

155 

15 7 

i58 

i60 

i6i 

i63 
164 

i65 
i66 

i67 

168 

169 
i70 

i7i 

i72 

i73 
174 

i 7S 

i76 

i77 

i78 

179 

i80 

i8i 

i82 

30E 

3iC 

3iC 

3iD 

3iD 

32D 

320 

32E 

32E 
32f 

32F 

33 

33 

33 
34D 

340 

34E 

34E 

34F 
34F 

35C 

35C 

350 

350 

35E 

3SE 
36C 
36C 
360 

360 

36E 

Moist Bulk 
Density

Low 
(kg/ml) 

l.i 
1.2 

1.25 
1.1 

1.2 

1.1 
1.2 
0.9 

i 

0.9 

i 

0.9 

1.3 

1.3 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 

1.2 

1.3 
1.2 

1.3 

1.2 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kg/ml) 

1.2 

i.4 

1.4 

1.3 
1.4 

1.3 
1.4 

l.i s 
1 

1.i5 

1.15 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 
1.4 

1.4 

1.4 
1.3 

1.5 

1.3 

1.5 
1.3 

1.5 

1. ~ 

l.S 
1.3 
1.5 

1.3 

Dry Unit Total Depth to Total Effective Angle of 
Dry Bulk Weight Unit Water Normal Normal Internal 
Density (S "' 90%) Porosity Weight Table Stress Stress Cohesion Friction 
(kg/ml) (kN/ml) (") (kN/mJ) (In) (kPa) (kPa) (kPa) (degrees) 

------------------------------------------------------------------~--

1.15 

1.30 

1.33 

1.20 

1.30 

1.20 
1.30 

0 .95 

1.08 

0.95 
1.08 
0 .95 

1.08 

1.35 

1.35 

1.35 

1.30 
1.30 

1.30 

1.30 

1.30 

1.30 

1.25 

1.40 

1.25 

1.40 

1.25 

i.40 

1.25 

i.40 

1.25 

1.40 

1.25 

11 .28 

12.75 

13.00 

11 .77 

12.75 

11.77 

12.75 

9.32 

10.5 5 

9.32 

10.55 

9.32 

10.55 

13.24 
13.24 

i3.24 

i2.75 

12.75 

12.75 

12.75 

12.75 

i 2.75 

i2 .26 

13.73 

i2 .26 

13.73 

12.26 

13.73 

12.26 

i3.73 

12.26 

i3.73 

i2 .26 

45 

52 

52 

45 

52 

45 

52 

40 

52 

40 

52 

40 

s:z 
45 

50 

52 

52 

52 

52 

52 

52 

52 
45 

52 

45 

52 

45 
52 

52 

52 

52 
52 

52 

15.25 

17.34 

17.59 

15.75 

17.34 

15 .75 

17.34 

12 .85 

I 5.14 

12.85 

15.14 

12.85 

15.14 

i7.22 

17.66 

17.83 

17.34 

17.34 

17.34 

17.34 

17.34 
17.34 

16.24 

18.33 
16.24 

18.33 
16.24 
18.H 
16.85 

i8.33 

16.85 
18.33 

16.85 

18 

54 

54 

0 

0 

0 

15 

108 

108 

108 

108 

108 

108 

108 

i08 

47.62 25.19 22.50 0 

46.97 33.51 28.73 0 

46.97 33.51 28. 73 0 

20.18 6.73 28.73 0 

20.18 6.73 28.73 0 

20.1 8 6.73 28.73 0 

48.61 25.44 22.50 0 

47.58 47.58 28.73 0 

47.58 47.58 28.73 0 

47.58 47.58 28.73 0 

49.2 1 49.21 28.73 0 

49.2i 49.21 28.73 0 

49.2i 49.21 28.73 0 

49.52 49.52 28.73 0 

49.52 49.52 28.73 0 
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County 
10 

Unit 
10 

Polk County 

183 
184 

18S 
186 
187 
188 
189 

191 
192 
194 
19S 

197 
198 

200 

201 

203 

204 
206 

207 

209 

210 
212 

213 
215 
216 

218 

219 

220 

221 

223 
224 
226 

227 

36E 
370 

370 
37E 
37E 
38E 
38E 
38F 
38F 
39F 
39F 

39F 

39F 
400 
400 
40f 
40E 
40F 
40F 
410 
410 

41E 
41E 
41F 
41F 
428 

428 

430 
430 

43F 

43F 
440 

440 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

JORY 

JORY 

JORY 

JORY 

JORY 

KILCHIS 

KILCHIS 

KILCHIS 

KILCHIS 

KILCHIS 

KILCHIS 

KILCHIS 

KILCHIS 

KILOWAN 

KILOWAN 

KILOWAN 

KILOWAN 

KILOWAN 

KILOWAN 

KLICKITAT 

KLICKITAT 

KLICKITAT 

KLICKITAT 

KLICKITAT 

KLICKITAT 

KNAPP A 

KNAPP A 

LUCKIAMUTE 

LUCKIAMUTE 

LUCKIAMUTE 

LUCKIAMUTE 

LURNICK 

LURNICK 

layer 
Number 

2 

1 

2 

2 

1 

2 
1 

2 
1 

2 

I 

2 

2 

1 

2 

2 

1 

2 
I 

2 

2 

1 

2 

2 
1 

2 

2 

uses 

CL 

ML 

CL 

ML 

CL 

SM ML 

GM 

SM Ml 

GM 

SM ML 

GM 

CC CLSC 

GC 

ML CL 

MH 

ML CL 

MH 

ML CL 

MH 

GC Cl SC 

GC 

GC CL SC 

GC 

GC CL SC 

GC 

ML 

ML Cl 

GM·GCGC 

GM GC 

GM·GC GC 

GM GC 

GM SM 

GM SM 

layer layer Clay Clay Liquid Liquid 
Depth- Depth- Mu Content- Content- Limit- limit Plasticity Plasticity 

Low High Thickness low High low High- Index- lndu-
~(_ln~) ____ ~(l~n)~----~(m~) _____ (~~~) ____ ~(~~)~----~~~)----~~~) _____ L_o_w__ High 

20 

0 

20 

0 

20 

0 

4 

0 

4 

0 

4 

0 

7 

0 

13 

0 

13 

0 

13 
0 

7 

0 

7 

0 

7 

0 

12 

0 

3 

0 

3 

0 

9 

70 
20 

70 
20 
70 

4 

1 s 
4 

15 

4 

1 s 
7 

42 
13 

24 
13 
24 

13 

24 
7 

42 
7 

42 
7 

47 

12 

60 

3 
16 

3 

16 

9 

30 

2.24 

O.S1 
2.24 
0.51 
2.24 

0.10 

0.28 

0.10 

0 .28 

0.10 

0 .28 

0.18 

0.89 
0.33 

0 .28 

0 .33 

0.28 

0.33 
0.28 

0 .18 

0.89 
0.18 
0.89 

0 .18 

0 .89 

0.30 

2.44 
0.08 

0 .33 

0.08 

0 .33 

0.23 

0.53 

45 
27 
45 
27 
45 

18 

18 
18 
18 

HI 

18 
27 
27 
27 
35 
27 
3S 
27 
35 

27 
27 
27 
27 
27 
27 
I 5 

22 
20 

27 

20 

27 
18 
38 

60 
-40 
60 
40 
60 
27 
27 
27 
27 
27 

27 

32 

33 

35 
so 
35 

so 
35 
so 
32 

33 

32 

33 
32 

33 

25 
3S 
30 

35 

30 

3S 
22 
50 

40 
40 
40 
40 
40 
20 

20 

20 

20 

20 

20 

30 
30 
30 
so 
30 
so 
30 
50 
30 

30 

30 
30 
30 
30 

30 
35 
25 
35 
25 

35 
25 

50 

50 

50 

50 
so 
50 

30 

30 
30 
30 
30 
30 
40 
40 
40 
60 
40 
60 
40 
60 
40 

40 

40 
40 
40 
40 

35 
40 
30 
40 
30 
40 
30 

60 

15 25 
10 15 
15 25 
10 15 

15 25 

0 5 
0 5 

0 5 
0 5 

0 5 

0 5 

10 15 

10 15 

5 15 
15 20 

5 IS 

15 20 

5 15 
15 20 

10 15 

10 IS 

10 1 s 
10 15 

10 1 s 
10 15 

s 10 

10 15 

5 10 
10 15 

5 10 

10 15 

0 5 

15:....__ ____ ~2:..:0~--
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Polk County 

183 36E 

184 370 

185 

186 

187 
188 
189 
191 

192 

194 

195 
197 

198 
200 

201 

203 

204 

206 
207 

209 

210 

212 
213 

215 

216 

218 
219 

220 

221 

223 

224 

226 

227 

370 

37E 

37E 

38E 
38E 

38F 

38F 

39F 

39F 
39F 

39F 

400 

400 

40E 

40E 
40F 

40F 

410 

410 

41E 
41E 

41F 

41F 

428 
428 

430 
430 
43F 

43F 

440 
440 

Moist Bulk 
Density-· 

low 
(kg/ml) 

1.3 

1.2 

1.3 

1.2 

1.3 
1.1 

1.2 

1.1 

1.2 

1.1 

1.2 

1.2 

1.2 

1.1 s 
1.25 

1.15 

1.25 
1.15 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.2 

1.1 

I 

1.1 

I 

1.1 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density-

High 
(kg/ml) 

1.5 

1.3 
1.5 

1.3 

1.5 

1.3 
1.4 

1.3 

1.4 

1.3 
1.4 

1.4 
1.4 

1.3 

1.5 

1.3 

1.5 
1.3 

1.5 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 
1.35 
1.2 

1.3 

1.2 

1.3 
1.2 

1.3 

Dry Bulk 
Density 
(kg/ml) 

1.40 

1.25 

1.40 

1.25 

1.40 

1.20 

1.30 

1.20 

1.30 

1.20 
1.30 

1.30 
1.30 

1.23 

1.38 

1.23 
1.38 
1.23 

1.3 8 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.20 
1.28 

1.10 

1.~0 

1.10 

1.20 

1.10 

1.20 

Dry Unit 
Weight 

(S- 90%) 
(kN/ml) 

13.73 

12.26 

13.73 

12.26 

13.73 

11.77 

12.75 
11.77 

12.75 

11 .77 

12.75 

12 .75 
12 .75 

12 .02 

13.49 

12.02 
13.49 

12.02 
13.49 

12.75 

12.75 

12.75 

12.75 

1 2.75 

12.75 

11.77 

12.51 

10.79 
11 .77 

10.79 

11.77 

10.79 

11.77 

Porosity 
(%) 

52 

52 

52 

52 

52 

40 

29 
40 

29 

40 

29 

37 
31 

52 

52 

52 

52 
52 
52 

37 

31 

37 

31 

37 

31 

45 

50 

31 
31 

31 

31 
32 

32 

Total 
Unit 

Weight 
(kN/ml) 

18.33 

16.85 

18.33 

16 .85 

18.33 

15.30 

15.31 
15.30 

15.31 

15.30 

15.31 

16.02 
15.49 

16.61 

18.08 

16.61 
18.08 

16.61 
18.08 

16.02 

15.49 

16.02 
15.49 
16.02 

15.49 

15.75 

16.92 

13.53 
14.51 

13.53 

14.51 

13.62 

14.60 

Depth to 
Water 
Table 

(In) 

108 

108 

108 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

108 

0 

0 

0 

Total 
Normal 
Stress 
(kPa) 

49.52 

49.52 

49.52 

5.83 

5.83 

5.83 

16.62 

10.54 

10.54 

10.54 

16.62 

16.62 

16.62 

46.06 

5.82 

5.82 

10.90 

Effective 
Normal 
Stress 
(kPa) 

49.52 

49.52 

49.5 2 

2.10 

2.10 

2.10 

6 .15 

4 .56 

4 .56 

4 .56 

6.1 s 

6.15 

6.15 

46.06 

1.83 

1.83 

3.42 

Cohesion 
(kPal 

28.73 

28.73 

28. 73 

2.39 

2.39 

2.39 

2.39 

28.73 

28.73 

28.73 

2.39 

2.39 

2.39 

28.73 

2.39 

2.39 

4.79 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

37 

37 

37 

37 

0 

0 

0 

36 

36 

36 

0 

37 

37 

35 
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229 
230 
232 

233 

235 
236 
237 
238 
239 

240 
241 
242 
243 
244 

245 

246 
247 
248 
249 

250 
252 
253 
255 
256 

258 
259 
261 

262 

264 

265 
267 
268 

270 

44E 
44E 
44F 

44F 
45 
45 
46 
46 
47D 

47D 

47E 
47E 
48A 
48A 
488 

488 
49 
49 
SOD 
SOD 
SOE 
50E 
50F 
50F 
SID 

51D 

52C 
52( 

S2D 
52D 
52E 
52E 

52F 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

LURNICK 

LURNICK 

LURNICK 

LURNICK 

MALABON 

MALABON 

MALABON 

MALABON 

MARTY 

MARTY 

MARTY 

MARTY 

MCALPIN 

MCALPIN 

MCALPIN 

MCALPIN 

MCBEE 

MCBEE 
MCDUFF 

MCDUFF 

MCDUFF 

MCDUFF 

MCDUFF 

MCDUFF 

MULKEY 

MULKEY 

NEKIA 

NEKIA 

NEKIA 

NEKIA 

NEKIA 
NEKIA 

NEKIA 

Layer 
Number 

2 
1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

2 

1 

2 

2 

2 

1 

2 

2 

I 

2 

2 

1 

2 

2 

1 

uses 

GM SM 

GM SM 

GM SM 

GM SM 

ML 

Cl 

Ml Cl 

Cl 

Ml 

ML 

Ml 

ML 

Ml Cl 

CL 

ML CL 

CL 

Ml 

Ml Cl 

ML CL 

MH 

Ml Cl 

MH 

Ml Cl 

MH 

MH 

MH SM 

ML 

CL GC 

ML 

CLGC 

ML 
CLGC 

ML 

Layer 
Depth

Low 
(in) 

0 

9 
0 

9 

0 

1S 

0 
1 s 

0 

13 

0 

13 

0 

2S 

0 

25 

0 
12 

0 

11 

0 

11 

0 

11 

0 

23 
0 

9 

0 

9 

0 
9 

0 

Layer 
Depth

High 
(in) 

9 

30 
9 

30 
15 

60 
1 s 
60 

13 

60 

13 

60 
25 
62 

25 

62 

12 

64 
11 

38 
11 

38 
11 

38 

23 
35 
9 

2S 

9 

2S 
9 

2S 

9 

Clay 
Max Content-

Thickness Low 
(m) {II') 

0.23 
O.S3 

0.23 

0.53 
0.38 
2.36 
0.38 
2.36 

0 .33 

2.41 

0 .33 

2.41 

0.64 
2 . 11 

0 .64 

2.1 1 

0 .30 

2.44 
0 .28 

0.69 

0.28 
0.69 
0.28 
0.69 

0.58 
0.30 

0 .23 

0.69 

0.23 

0.69 
0.23 
0.69 

0 .23 

18 

38 
18 

38 
27 
3S 

27 
3S 

18 

18 

18 

18 

30 
40 
30 

40 

27 
25 
27 

40 

27 
40 

27 
40 

10 

10 
30 

40 
30 
40 
30 
40 

30 

Clay 
Content

High 
(II') 

22 
50 
22 

so 
35 
4S 

35 
45 
27 

30 

27 

30 
40 
so 
40 

50 
35 
45 
35 
60 
35 
60 

35 
60 
20 
20 
40 

50 
40 

so 
40 
so 
40 

Liquid 
Limit
Low 
(II') 

25 
50 
2S 

50 
35 
45 
35 
40 

40 

40 

40 
40 

35 
40 
35 
40 

35 
34 
35 
so 
35 
50 
35 
50 
so 
50 
35 
40 

35 
40 

35 
40 
35 

Liquid 
Limit 
High-

(") 

30 
60 
30 

60 

40 
50 
40 
so 
so 
so 
50 
50 
40 
so 
40 

50 
40 

40 
40 

60 
40 
60 
40 
60 

60 
60 

40 

so 
40 

50 
40 
so 
40 

Plasticity Plasticity 
Index- Index-

Low High 

0 

15 
0 

15 

10 
20 
10 
15 

0 

10 

0 

10 
10 
1 s 
10 
15 

10 
10 
10 
20 

10 
20 
10 
20 
s 
5 

10 
15 

10 

15 
10 
15 
10 

5 
20 
s 

20 
15 
25 
15 
25 

10 

IS 

10 
15 
15 
2S 

IS 

25 
15 
15 
15 
25 
15 
25 
15 
25 
10 
10 
IS 

25 
15 

25 
15 
25 

1S 



County Unit 
ID ID 

Polk County 

229 44E 

230 44E 

232 44F 

233 44F 

235 45 

236 4 5 

237 46 

238 46 

239 47D 

240 47D 
241 47E 

242 47E 

243 48A 

244 48A 
245 488 

246 488 

247 49 

248 49 

249 SOD 
250 

252 

253 

255 

256 
258 

259 

261 

262 

264 
265 

267 

268 

270 

SOD 
50E 

50E 

50F 

50F 
51D 

510 

52C 
52C 

52D 
520 

52E 

52E 

52F 

Moist Bulk 
Density-

Low 
(kg/ml) 

1 

1.1 

1.1 

1.2 
1.2 

1.2 

1.2 

0.85 

1.1 
0.85 

1.1 

1.2 

1.2 

1.2 
1.2 

1.2 

1.2 

0.95 
0.95 
0.95 

0.95 

0.95 

0.95 
0 .5 

0.5 

1.1 

1.1 

1.1 
1.1 

1.1 

1.1 

1.1 

APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density-

High 
(kg/ml) 

1.2 

1.3 

1.2 

1.3 
1.4 
1.4 

1.4 

1.4 

1 

1.3 
1 

1.3 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 
0 .85 

0.85 

1.3 

1.3 

1.3 
1.3 

1.3 

1.3 

1.3 

Dry Bulk 
Density 
(kg/ml) 

1.10 

1.20 

1.10 

1.20 

1.30 

1.30 

1.30 

1.30 

0.93 

1.20 
0.93 

1.20 

1.30 

1.30 
1.30 
1.30 

1.30 

1.30 

1.03 
1.03 

1.03 

1.03 

1.03 

1.03 
0 .68 

0.68 

1.20 

1.20 

1.20 
1.20 

1.20 

1.20 

1.20 

Dry Unit 
Weight 

(S = 90%) 
(kN/ml) 

10.79 

11 .77 

10.79 

11 .77 

12.75 

1i' .75 

12.75 

12.75 

9.07 

11 .77 
9.07 

11.77 

12.75 

12.75 
12.75 

12.75 

12.75 

12.75 

10.06 
10.06 

10.06 

10.06 

10.06 

10.06 
6.62 

6.62 

11 .77 

11.77 

11.77 
11 .77 

11.77 

11 .77 

11 .77 

Porosity 
(%) 

32 

32 

32 

32 

52 

52 

52 

52 

45 

45 
45 

45 

52 

52 

52 
52 

52 
52 
52 
52 
52 

52 
52 
52 
45 

42 

52 

43 

52 

43 

52 
43 

52 

Total 
Unit 

Weight 
(kN/ml) 

13.62 

14.60 

13.62 
14.60 

17.34 
17. 34 

17.34 

17.34 

13.05 

15.75 
13.05 

15.75 

17.34 

17.34 

17. 34 

17.34 

17.34 

17.34 

14.65 

14.65 

14.65 

14.65 

14.65 

14.65 
10.59 

10.33 

16.36 
15.57 

16. 36 

15. 57 

16.36 

15.57 

16.36 

Depth to 
Water 
Table 

(In) 

0 

0 

108 

108 

108 

108 

30 

30 

30 

0 

0 

0 

0 

0 

0 

0 

Total 
Normal 
Stress 
(kPa) 

10.90 

10.90 

47. 58 

47. 58 

42. 30 

42. 30 

47.58 

47. 58 

47.58 

14.14 

14.14 

14.14 

9.34 

14.42 

14.42 

14.42 

Effective 
Normal 
Stress 
(kPa) 

3.42 

3.42 

47.58 

47.58 

42.30 

42.30 

28.14 

28. 14 

28.14 

4.67 

4.67 

4.67 

0.62 

5.45 

5.45 

5.45 

Cohesion 
(kPa) 

4.79 

.4 .79 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

35 

35 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



County 
1D 

Unit 
ID 

Polk County 

271 

273 
274 

275 
276 
277 
278 
279 

280 
282 

283 

285 

286 
288 

289 

291 

292 

294 

295 
296 

297 
299 

300 

302 
303 
305 
306 

308 
309 
311 

312 

313 

315 

52F 

53 
53 

53 

54 

54 
54 
550 

550 
SSE 
SSE 
SSF 

SSF 
56C 

56C 

57E 

57E 
58 
58 

59 
59 
60C 
60C 
600 

600 

60E 
60E 

60F 

60F 
61C 

61C 

61C 
610 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

NEKIA 

NEWBERG 

NEWBERG 

NEWBERG 

NEWBERG 

NEWBERG 

NEWBERG 

PEA VINE 

PEA VINE 

PEA VINE 

PEA VINE 

PEA VINE 

PEA VINE 

PHILOMATH 

PHILOMATH 

PHilOMATH 

PHILOMATH 

PILCHUCK 

PILCHUCK 

PITS 

PITS 

RICKREALL 

RICKREALL 

RICKREALL 

RICKREALL 

RICKREALL 

RICKREALL 

RICKREALL 

RICKREALL 

RITNER 

RITNER 

RITNER 

RITNER 

layer 
Number 

2 

2 

3 

2 

3 

1 

2 

2 

2 

2 

1 

2 

2 

1 

2 

1 

2 

1 
2 

2 

1 

2 

2 

3 

uses 

layer 
Depth
low 
(In) 

CL GC 9 

SM 0 

SM 15 

SM 26 

ML 0 

SM 15 

SM 37 

ML MH 0 

MH 18 

ML MH 0 

MH 18 

ML MH 0 

MH 18 

CH 0 

CH 4 

CH 0 

CH 4 

ML 0 
SM SP-SM 7 

GPGW 0 

GP GW SP SW 6 

Ml 0 
MH 5 

ML 0 
MH 5 
Ml 0 
MH 5 

ML 0 

MH 5 

GC GM 0 

Cl GC 14 

Cl GC 26 

GC GM 0 

layer 
Depth

High 
(In) 

25 
15 
26 

60 
15 

37 

60 

18 

30 
18 

30 

18 

30 
4 

14 

4 

14 

7 

62 
6 

60 

5 

17 

5 
17 

5 

17 

5 
17 

14 

26 

38 

14 

Clay 
Max Content-

Thickness low 
(m) (!Iii) 

0.69 
0.38 

0 .28 

2.08 

0.38 

0.56 

1.80 

0.46 
0.30 

0.46 
0.30 

0.46 
0.30 
0.10 

0.25 

0.10 

0.25 
0.18 

2.57 
0 .15 

1.37 

0 .13 

0.30 

0.13 

0 .30 

0.13 

0 .30 

0.13 

0.30 

0 .36 

0.30 

0 .30 

0 .36 

40 
7 

5 

2 

7 

5 

2 

30 
45 

30 
45 

30 

45 
40 
40 

40 
40 

0 

0 

0 

0 

27 
40 

27 
40 
27 

40 
27 
40 

30 

35 
35 

30 

Clay 
Content

High 
(!Iii) 

50 
15 
15 

10 

15 
15 

10 
40 

60 
40 
60 

40 

60 
55 
60 

55 

60 
5 

5 

35 
so 
35 

50 

35 
50 

35 

so 
40 

50 

50 

40 

liquid 
limit
low 
(!Iii) 

40 
20 

20 

30 
20 

45 

60 
45 

60 

45 

60 
so 
60 

50 
60 

0 

0 

0 

0 

40 
so 
40 
so 
40 

so 
40 
so 
35 

35 
40 
35 

liquid 
limit 
High-

(!lli) 

so 
25 
25 

35 

25 

55 
85 

55 

85 

55 

85 

60 

80 

60 
80 
14 

14 
14 

14 

45 

60 

45 

60 

45 
60 
45 

60 
40 
so 
so 
40 

Plasticity Plasticity 
Index- Index-
low High 

15 
0 

0 

0 

0 

0 

0 

10 

25 
10 
25 

10 

25 
35 
40 

35 
40 

0 

0 

0 

0 

10 

20 

10 

20 

10 

20 
10 

20 
10 

15 

15 
10 

25 
5 
5 

0 

5 
5 

0 

20 

45 
20 
45 

20 
45 

45 
so 
45 

so 
0 

0 

0 

0 

15 
25 
15 

25 
15 
25 
15 

25 
15 

25 
25 
15 
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County Unit 
ID ID 

Polk County 

271 52F 

273 53 

274 

275 

276 

277 
278 

279 

280 

282 
283 

285 
286 

288 

289 
291 

292 
294 
295 

296 
297 

299 

300 

302 

303 

305 
306 

308 

309 

311 

312 

313 
315 

53 

53 

54 

54 

54 

550 

550 

SSE 
SSE 
55F 

SSF 
56C 

56C 

57E 

57E 

58 

58 

59 

59 

60C 

60C 

600 

60D 
60E 

60E 

60F 
60F 

61C 

61C 

61C 
61D 

Moist Bulk 
Density

low 
(kg/ml) 

1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.3 

1.3 
1.3 

1.3 
1.5 

1.5 

1.2 

1.2 

1.2 

1.2 
1.2 

1.2 

1.2 

1.2 

1.2 

1.3 
1.3 
1.2 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density

High 
(kg/ml) 

1.3 
1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.3 

1.3 

1.3 
1.3 

1.3 

1.4 

1.4 

1.4 

1.4 

1.6 

1.6 

1.3 

1.3 

1.3 

1.3 

1.3 
1.3 
1.3 

1.3 

1.4 

1.5 

1.5 

1.4 

Dry Bulk 
Density 
(kg/ml) 

1.20 

1.30 
1.30 

1.30 

1.30 

1.30 

1.30 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.35 

1.35 
1.35 

1.35 
1.55 

1.55 

1.40 

1.45 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.25 

1.30 

1.40 

1.40 

1.30 

Dry Unit 
Weight 

(S = 90%) 
(kN/ml) 

11 .77 

12.75 

12.75 

12 .75 

12.75 

12.75 

12.75 

11.77 

11 .77 

11.77 

11.77 

11 .77 

11 .77 

13 .24 

13 .24 

13 .24 

13 .24 
15 .21 

15 .21 

13 .73 

14.22 

12 .26 

12.26 
12.26 

12.26 

12.26 

12 .26 

12 .26 
12 .26 

12.75 

13 .73 
13 .73 
12 .75 

Porosity 
(%) 

43 

35 

35 

35 

45 

35 

35 

52 

52 

52 

52 

52 

52 

52 
52 

52 

52 

45 

35 

29 

29 
52 

52 

52 

52 
52 

52 

52 

52 

31 

43 

43 

31 

Total 
Unit 

Weight 
(kN/ml) 

15 .57 

15.84 

15.84 

15.84 

16.73 

15.84 

15.84 

16.36 

16.36 

16.36 

16.36 

16.36 

16.36 

17.83 

17.83 

17.83 

17.83 
19.18 

18.30 

16.29 

16.78 

16.85 

16.85 

16.85 
16 .85 

16.85 

16.85 

16.85 

16.85 

15.49 

17.53 
17.53 

15.49 

Depth to 
Water 
Table 

(In) 

0 

108 

108 

0 

0 

0 

0 

0 

36 

0 

0 

0 

0 

0 

0 

Total 
Normal 
Stress 
(kPa) 

14.42 

43.46 

43.80 

12.47 

12.47 

12.47 

6.34 

6.34 

50.35 

25. 51 

7.28 

7.28 

7.28 

7.28 

16.19 

Effective 
Normal 
Stress 
(kPa) 

5.45 

43.46 

43.80 

4.99 

4.99 

4.99 

2.85 

2.85 

32.41 

10.56 

3.04 

3.04 

3.04 

3.04 

6 .73 

Cohesion 
(kPa) 

28.73 

2.39 

2.39 

28.73 

28.73 

28.73 

22.50 

22.50 

2.39 

2.39 

28.73 

28.73 

28.73 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

0 

34 

34 

0 

0 

0 

0 

0 

36 

38 

0 

0 

0 

0 

0 



0'1 
N 

County 
10 

Unit 
10 

Polk County 

316 
317 
319 

320 

321 

323 

324 

325 

326 

327 

328 

329 
330 

331 

332 

333 

334 

335 
336 

337 

338 

339 
340 

341 

342 

343 

344 

345 
346 

347 

348 

350 
351 

610 
610 
61E 

61E 

61E 

62 

62 

63 

648 

648 

648 

64C 

64C 

64C 

658 
658 

65b 
65C 

65C 

65C 

650 

650 
650 

660 

660 

660 

66E 

66E 

66E 

67C 

67C 

670 

670 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Unit 
Name 

RITNER 

RITNER 

RITNER 

layer 
Number 

2 
3 

RITNER 2 

RITNER 3 

RIVERWASH 1 

RiVERWA5H 2 

ROCK OUTCROP 

SALKUM 1 

SALKUM 2 

SALKUM 3 

SALKUM 1 

SALKUM 2 

SAlKUM 3 
SANTiAM I 

SANTIAM 2 

SANTIAM 3 

SANTiAM 

SANTiAM 2 

SANTIAM 3 

SANTIAM 

SANTIAM 2 

SANTIAM 3 
SLICKROCK 1 

SLICKROCK 2 

SLICKROCK 3 

SLICKROCK 

SLICKROCK 2 

SLICKROCK 3 

STEIWER l 

STEIWER 2 

STEIWER 

STEIWER 2 

uses 

CLGC 

CLGC 

layer 
Depth

low 
(in) 

14 
26 

GC GM 0 

CL GC 14 

CL GC 26 

GPGW 0 

GPSPGW SW 6 

0 

CL 0 

MH 12 

ML MH 37 
CL 0 

MH 12 

Ml MH 37 

ML 0 
CL 17 

CH 34 

Ml 0 
CL 17 

CH 34 

Ml 0 
Cl 17 

CH 34 

MLSMOLGM 0 

ML SM 15 

SM Ml 27 

ML SM OL GM 0 
MLSM 15 

SM ML 27 

ML 0 

ML 15 
ML 0 

Ml_ 15 

layer 
Depth

High 
(in) 

26 

38 
14 

26 

38 

6 

60 

60 

12 

37 

60 
12 
37 

60 

17 

34 

60 
17 

34 

60 
17 

34 
60 

15 

27 

65 

15 
27 
65 

15 

26 

1 s 
26 

Clay 
Max Content-

Thickness low 
(m) (,.;) 

0.30 

0 .30 

0 .36 

0 .30 

0.30 

0.15 

1.37 

1.52 

0.30 

0.64 
0.58 

0 .30 

0.64 

0.58 

0.43 

0.43 

1.88 

0.43 

0.43 

1.88 

0 .43 

0.43 

1.88 
0.38 

0 .30 

2.06 

0.38 
0.30 

2.06 

0.38 

0.28 

0.38 

0.28 

35 

35 

30 

35 

35 

0 
0 

0 

27 
40 
35 
27 
40 

35 

18 

35 

40 

18 

35 

40 
18 

35 
40 

18 

20 

20 

18 

20 

20 

20 

27 

20 

27 

Clay 
Content

High 
(,.;) 

50 

50 

40 

50 

50 

1 

0 

35 

55 
50 

35 
55 

50 

27 
45 

50 

27 
45 

so 
27 
45 

50 
27 

35 

35 

27 
35 

35 

27 

35 

27 

35 

liquid 
limit
low 
(,.;) 

35 
40 

35 

35 

40 
0 

0 

0 

40 
50 
45 

40 

50 

45 

30 

30 

50 

30 

30 

so 
30 

30 

50 
30 

30 

30 

30 

30 

30 

30 
40 

30 
40 

liquid 
limit 
High-

(,.;) 

50 
50 
40 

50 

50 
14 
14 

14 

45 

65 

60 
45 
65 

60 

40 

50 
60 
40 

50 

60 
40 
50 
60 

4 5 

45 

45 

45 
45 

45 

40 

50 

40 

50 

Plasticity Plasticity 
Index- Index-

Low High 

15 
15 
10 

IS 

15 

0 

0 

IS 

15 
15 
15 

15 

15 

5 

10 
30 

5 

10 

30 

5 
10 
30 

0 

0 

0 

0 
0 

0 

5 

5 

5 

5 

25 
25 
15 

25 

25 
0 
0 

20 

25 

25 
20 

25 

25 

10 
30 
40 

10 
30 

40 

10 

30 
40 
10 
10 

10 

10 
10 

10 

10 

15 

10 

15 
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County Unit 
ID ID 

Polk County 

3 16 610 

3 17 610 

319 

320 

321 

323 
324 
325 
326 
327 

328 

329 
330 

331 

332 

333 

334 

335 
336 

337 

338 

339 
340 
341 

342 

343 
344 
345 

346 

347 

348 

350 

351 

61E 

61E 

61E 

62 

62 

63 

648 

648 

648 

64C 

64C 
64C 

658 

658 

658 

65C 

65C 

65C 

65D 

650 

650 
660 

660 

660 

66E 

66E 

66E 

67C 

67C 

670 
670 

Moist Bulk 
Density

Low 
(kg/m1) 

1.3 
1.3 

1.2 

1.3 

1.3 

1.3 

1.3 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

1.2 

1.2 

1.4 

0 .75 

0.75 

1 

0.75 

0 .75 

1.3 

1.3 
1.3 

1.3 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density·· 

High 
(kg/m1) 

1.5 

1.5 

1.4 

1.5 
1.5 

1.35 
1.5 
1.5 

1.35 
1.5 
1.5 
1.4 
1.4 

1.5 
1.4 

1.4 

1.5 

1.4 

1.4 
1.5 
0.85 

0.85 

1.3 

0.85 
0.85 

1.3 

1.4 

1.4 

1.4 
1.4 

Dry Bulk 
Density 
(kg/m1) 

1.40 

1.40 

1.30 

1.40 

1.40 

1.40 

1.45 

1.18 

1.40 

1.25 

1.18 

1.40 

1.25 

1.30 

1.30 
1.45 

1.30 
1.30 

1.45 

1.30 

1.30 
1.45 

0 .80 

0 .80 

1.15 

0.80 

0.80 

1.1 5 

1.35 

1.35 
1.35 

1.35 

Dry Unit 
Weight 

(S = 90%) 
(kNfmJ) 

13.73 

13.73 

12.75 

13.73 

13.73 

13.73 

14.22 

11 .53 
13.73 

12.26 

11.53 

13.73 

12.26 

12.75 

12.75 

14.22 

12.75 

12.75 

14.22 

12.75 

12.75 

14.22 

7.85 

7.85 

11.28 

7.85 
7.85 

11 .28 

13.24 

13.24 
13.24 

13.24 

Total 
Unit 

Porosity Weight 
(%) (kN/mJ) 

43 

43 

31 

43 

43 

29 

29 

52 

52 

52 

52 

52 

52 
45 

52 

52 
45 
52 
52 

45 

52 

52 

43 

43 

40 

43 

43 
40 

45 

52 
45 

52 

17.53 

17.53 

15.49 

17.53 

17.53 

16.29 

16.78 

16.17 

18.33 

16.85 

16.12 

18.33 

16.85 

16.73 

17. 34 

18.82 
16.73 

17.34 

18.82 

16. 73 

17.34 

18.82 
11 .64 

11 .64 

14.81 

11.64 

11.64 

14.81 

17.22 

17.83 

17.22 

17.83 

Depth to 
Water 
Table 

(In) 

0 

0 

0 

0 

0 

30 

30 

30 

108 

108 

0 

0 

Total 
Normal 
Stress 
(kPa) 

16.19 

16.19 

25.51 

26.40 

26.40 

50.08 

50.08 

50.08 

38.46 

38.46 

11.54 

11.54 

Effective 
Normal 
Stress 
(kPa) 

6.73 

6.73 

10. 56 

I 1.44 

11 .44 

30.64 

30.64 

30.64 

38.46 

38.46 

5.06 

5.06 

Cohesion 
(kPa) 

28.73 

28.73 

2.39 

28.73 

28.73 

22.50 

22.50 

22.50 

2.39 

2.39 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

38 

0 

0 

0 

0 

0 

33 

33 

0 

0 



County 
ID 

Unit 
ID 

Polk County 

Unit 
Name 

APPENDIX B. MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Layer Layer Clay Clay Liquid Liquid 
Depth- Depth- Max Content- Content- Limit- limit Plasticity Plasticity 

Layer Low High Thickness Low High Low High- Index- lndex-
Number __ ~U~S~C~S------~(I~n)~--~(l~n)~----~(m~)~--~(%~)------~(%~)~----~~~)~--~(~%)~--~L~ow~--~H~Ig~h----

353 67E STEIWER 1 Ml 0 15 0.38 20 27 30 40 5 10 

354 67E STEIWER 2 Ml 15 26 0.28 27 35 40 50 5 15 

356 68C SUVER 1 Cl 0 11 0.28 27 35 35 40 15 20 

357 68C SUVER 2 CH 11 42 0.79 40 SO 55 75 30 45 

359 680 SUVER Cl 0 11 0.28 27 35 35 40 15 20 

360 680 SUVER 2 CH 11 42 0.79 40 50 55 75 30 45 

362 68E SUVER 1 Cl 0 11 0.28 27 35 35 40 15 20 

363 68E SUVER 2 CH 11 42 0.79 40 50 55 75 30 45 

365 690 TRASK SM GM 0 7 0.1 8 18 27 25 30 0 S 

366 690 TRASK 2 GM 7 31 0.61 20 30 25 30 0 5 

368 69F TRASK 1 SM GM 0 7 0.18 18 27 25 30 0 5 

369 69F TRASK 2 GM 7 31 0.61 20 30 25 30 0 S 

371 700 VALSETZ 1 SM MH 0 4 0.10 20 25 50 60 0 5 

372 700 VALSETZ 2 CM 4 24 0.51 20 30 40 60 0 10 

374 70E VALSETZ SM MH 0 4 0.10 20 25 50 60 0 5 

375 70E VALSETZ 2 GM 4 24 0.51 20 30 40 60 0 10 

377 70F VALSETZ 1 SM MH 0 4 0.10 20 25 50 60 0 5 

378 70F VALSETZ 2 CM 4 24 0.51 20 30 40 60 0 1 0 

380 71F VALSETZ SM MH 0 4 0.10 20 25 50 60 0 5 

381 71F VALSETZ 2 GM 4 24 0.51 20 30 40 60 0 10 

383 71F VALSETZ 1 GMSMMH 0 4 0.10 10 20 50 60 0 5 

384 71 F VALSETZ 2 GM SM 4 18 0.36 5 15 40 60 0 I 0 

386 72 WALDO 1 MlCl 0 13 0.33 27 40 35 40 10 15 

387 72 WALDO 2 MH CH 13 60 2.41 40 55 50 60 20 30 

388 73 WAPATO 1 Ml 0 15 0.38 27 35 35 40 10 15 

389 73 WAPATO 2 Ml 15 60 2.36 20 35 30 40 5 15 

390 74C WILLAKENZIE ML 0 13 0.33 27 30 35 45 5 10 

391 74C WlllAKENZIE 2 Ml 13 33 0.51 30 35 35 45 10 15 

393 740 WILLAKENZIE Ml 0 13 0.33 27 30 35 45 5 10 

394 740 WILLAKENZIE 2 Ml 13 33 0.51 30 35 35 45 10 15 

396 74E WILLAKENZIE 1 Ml 0 13 0.33 27 30 35 45 5 10 

397 74E WILLAKENZIE 2 Ml 13 H 0.51 30 35 35 45 I 0 15 

_3_9_9 ______ 7_4_F ______ W_I_LLA_·_K_EN_Z_I_E _____________ ML~--------0~ _____ 13~----0~·~3~3 ____ ~2_7 ______ ~3~0 ______ ~3~5 ______ 4~S ______ ~s _______ 1~0 __ __ 



County Unit 
10 ID 

Polk County 

353 67E 

354 67E 

356 68C 

357 68C 

359 680 

360 680 

362 68E 

363 

365 

366 

368 
369 

371 

372 

374 

375 

377 

378 
380 

381 

383 

384 

386 

387 
388 

389 

390 
391 

393 

394 
396 
397 
399 

68E 

690 

690 

69F 

69F 

700 

700 

70E 

70E 

70F 

70F 
71F 

71F 

71F 

71F 

72 
72 

73 

73 

74C 

74C 

740 

740 

74E 

74E 

74F 

Moist Bulk 
Density

Low 
(kg/ml) 

1.3 

1.3 
1.2 

1.25 

1.2 

1.25 

1.2 

1.25 

1.1 

1.1 

1.1 

l.i 

0 .75 

0 .75 

0.75 

0.75 

0.75 

0.75 
0 .75 

0 .75 

0.75 

0.75 

1.1 
1.1 

1.2 

1.2 

1.1 5 

1.15 

1.1 5 

1.1 5 

1.15 

1.1 5 

1.1 5 

APPENDIX 8: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk 
Density·· 

High 
(kg/ml) 

1.4 

1.4 

1.3 

1.4 

1.3 

1.4 

1.3 

1.4 
1.3 

1.3 

1.3 

1.3 

0 .85 

0.85 

0.85 

0 .85 

0.85 

0 .85 

0 .85 

0 .85 

0 .85 

0 .85 

1.3 
1.3 

1.4 

1.4 

1.25 

1.3 

1.25 

1.3 

1.25 
1.3 
1.25 

Dry Bulk 
Density 
(kg/ml) 

1.35 

1.35 

1.25 

1.33 
1.25 

1.33 
1.25 
1.33 
1.20 

1.20 

1.20 

1.20 
0.80 

0.80 

0 .80 

0.80 

0.80 

0.80 

0.80 

0.80 

0.80 

0.80 

1.20 

1.20 

1.30 

1.30 

1.20 

1.23 

1.20 

1.23 

1.20 

1.23 

1.20 

Dry Unit 
Weight 

(S,. 90%) 
(kN/ml) 

13.24 

13.24 

12.26 

13.00 

12.26 

13.00 

12.26 

13.00 

11.77 

11 .77 

11.77 

11.77 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

11.77 

11.77 

12.75 

12.75 

11.77 

12.02 

11.77 

12.02 

11 .77 

12.02 

11.77 

Porosity 
(%) 

45 

52 

52 

52 

52 

52 

52 
52 

32 
29 

32 

29 
40 

29 

40 

29 
40 

29 
40 

29 
32 
32 

52 

52 
52 
45 

45 

52 
45 

52 

45 

52 

45 

Total 
Unit 

Weight 
(kN/ml) 

17.22 

17.83 

16.85 
17.59 

16.85 

i7.59 

16.85 

17.59 

14.60 
14.33 

14.60 

14.33 
11.38 

10.41 

11 .38 

10.41 

11.38 
10.41 

11.38 

10.41 

10.67 

10.67 
16.36 

16.36 

17.34 

16.73 

15.75 

16.61 

15.75 

16.61 

15.75 

16.61 

15.75 

Depth to 
Water 
Table 

(In) 

0 

18 

18 

18 

0 

0 

0 

0 

0 

0 

0 

3 

6 

0 

0 

0 

Total 
Normal 
Stress 
(kPa) 

11 .54 

18.56 

18.56 

18.56 

11 .33 

11.33 

6.44 

6.44 

6.44 

6.44 

4.88 

44.89 

46.1 2 

13.64 

13.64 

13.64 

Effective 
Normal 
Stress 
(kPa) 

5.06 

12.58 

12.58 

12.58 

3.61 

3.61 

0.46 

0.46 

0.46 

0.46 

0.39 

18.72 

20.70 

5.41 

5.41 

5.41 

Cohesion 
(kPa) 

28.73 

22. 50 

22. 50 

22.50 

2.39 

2. 39 

2.39 

2.39 

2.39 

2.39 

2.39 

28.73 

28.73 

28.73 

28.73 

28.73 

Angle of 
Internal 
Friction 

(degrees) 

0 

0 

0 

0 

38 

38 

37 

37 

37 

37 

37 

0 

0 

0 

0 

0 
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County 
10 

Unit 
10 

Polk County 

400 

402 

403 
404 
405 
406 
407 
408 
409 
410 
411 
41 2 
414 

415 
417 
418 
419 
420 

421 
422 

423 
424 

425 

426 

427 

4.28 
429 
430 
431 

432 

433 
435 
436 

74F 

75A 
75A 

75A 
75C 
7SC 

7SC 
75D 

75D 

75D 

76C 
76C 
76E 
76E 
77A 
77A 
77A 
77C 
77C 
77C 
77D 
770 

77D 
78 

78 

78 
78 

79 
79 

SOD 
SOD 
SOF 
80F 
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Unit 
Name 

WILLAKENZIE 

WILLAM8TE 

WILLAMElTE 
WILLAMETTE 

WILLA METTE 

WILLAMETTE 

WILLAMETTE 

WILLA METTE 

WILLAMETTE 

WILLAMETTE 

WITZEL 

WITZEL 

WITZEL 

WITZEL 
WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

WOODBURN 

XEROCHREPTS 

XEROCHREPTS 

XEROCHREPTS 

XEROCHREPTS 

XEROFLUVENTS 

XEROFLUVENTS 

YELLOWSTONE 

YELLOWSTONE 

YELLOWSTONE 

YELLOWSTONE 

layer 
Number 

2 

I 

2 
3 

1 

2 

3 

1 

2 

3 

2 

1 

2 

2 

3 

I 

2 

3 

2 

3 

2 

1 

2 

1 

2 

2 

1 

2 

uses 

ML 

ML 

CL 

ML 

Layer 
Depth
low 
(In) 

13 

0 

26 

52 
ML 0 

Cl 26 
ML 52 
ML 0 
CL 26 

ML 52 
GM 0 

GC 4 

GM 0 
GC 4 
ML 0 
CL 17 

ML CL-ML 65 
ML 0 
CL 17 

ML CL-ML 42 

ML 0 
CL 17 

ML CL-ML 42 
CL-ML ML 0 

CL·ML SC·SM 12 
ML CL 0 

ML SM SC CL 15 

0 

5 

GM SM MH 0 

GM SM 4 

GM SM MH 0 

GM SM 4 

Layer 
Depth

High 
(In) 

33 
26 
52 

69 
26 

52 
69 
26 
52 

69 
4 

17 
4 

17 
17 
65 
69 

17 
42 

65 
17 

42 

65 
12 
61 
15 

60 
5 

60 
4 

18 
4 

18 

Clay 
Max Content-

Thickness Low 
(m) (~) 

0.51 
0.66 
0.66 
1.42 
0.66 

0.66 
1.42 

0.66 
0.66 
1.42 
0 .10 

0.38 
0.10 
0.38 
0.43 
1.22 

1.09 

0.43 
0.64 
1.68 

0.43 
0.64 

1.68 
0 .30 

1.24 
0.3B 
1.14 

0.13 
1.40 

0.10 
0.36 
0.10 
0 .36 

30 
20 

25 

20 
20 
25 
.20 
20 
25 
20 
18 

25 

18 

25 
10 

20 
15 

10 
20 
15 

10 
20 
15 

18 

20 
15 
15 

10 
5 

10 
5 

Clay 
Content

High 
(~) 

35 
27 

35 
30 
27 

35 

30 
27 

35 
30 
25 
35 
25 
35 
20 

35 
30 

20 
35 
30 

20 
35 
30 

27 
30 
35 
35 

20 
15 

20 
15 

Liquid 
limit
Low 
(~) 

35 
35 
40 
35 
35 
40 
35 
35 

40 

35 
25 
35 
25 
35 

25 

30 
25 

25 
30 
25 
.25 
30 
25 
25 
25 
25 
30 
0 

0 

50 

40 
50 
40 

Liquid 
limit 
High-

(~) 

45 

40 

50 
40 
40 
50 

40 

40 
50 
40 

30 
40 
30 

40 
30 

40 

35 

30 
40 

35 

30 
40 

35 
35 
35 

40 
40 

14 

14 
60 
60 
60 
60 

Plasticity Plasticity 
Index- Index-
low High 

10 

5 

15 
10 

5 

15 
10 

5 
15 

10 

0 

15 
0 

15 

0 

10 
5 

0 

10 
5 

0 

10 

5 
5 

5 

0 

5 

0 

0 

0 

0 

15 

10 

25 
15 
10 
.25 
15 
10 
25 
15 

5 

.20 
5 

20 
5 

.20 
10 

5 
20 
10 

5 

.20 
10 
10 
10 

15 

15 

5 

10 

5 

10 
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APPENDIX B: MARION AND POLK COUNTY SOIL UNIT PROPERTIES 

Moist Bulk Moist Bulk Dry Unit Total Depth to Total Effective Angle of 
Density- Density- Dry Bulk Weight Unit Water Normal Normal Internal 

County Unit Low High Density (S = 90%) Porosity Weight Table Stress Stress Cohesion Friction 
to 10 (kg/ml) (kg/ml) (kg/ml) (kN/ml) (") (kN/ml) (in) (kPa) (kPa) (kPa) (degrees) 

Po~County ----~~~----~~~----~~~--~~~~----~----~~~--~~----~~~----~~~--~~~~~~~---

400 74F 

402 75A 

403 75A 
404 75A 

405 75C 

406 75C 

407 75C 

408 750 

409 750 

410 750 

411 76C 
412 76C 

414 76E 

415 76E 

417 77A 

418 77A 

419 77A 

420 77C 

421 77C 

422 77C 

423 770 

424 770 

425 770 

426 78 

427 78 

4 28 

429 

430 

431 

432 

433 

435 
436 

78 

78 

79 

79 

800 
800 

80F 

80F 

1.15 

1.2 
1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.35 
1.3 

1.35 

1.3 

1.2 

1.2 

1.3 
1.2 

1.2 

1.3 

1.2 

1.2 

1.3 

1.1 

1.1 

1.1 

1.1 

0.75 

0.75 

0.75 

0.75 

1.3 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.5 

1.4 

1.5 

1.4 

1.4 

1.4 

1.5 

1.4 

1.4 

1.5 

1.4 

1.4 

1.5 

1.4 

1.4 

1.6 

1.6 

0.85 

0.85 

0.85 
0.85 

1.23 

1.30 
1.30 

1.30 

1.30 

1.30 

1.30 

1.30 
1.30 

1.30 

1.43 

1.35 

1.43 

1.35 

1.30 

1.30 

1.40 

1.30 

1.30 

1.40 

1.30 
1.30 

1.40 

1.25 

1.25 

1.35 

1.35 

1.30 
1.30 

0.80 

0.80 
i).80 
0.80 

12.02 

12.75 

12.75 

12.75 

12.75 

12.75 

12 .75 

12 .75 

12 .75 

12.75 

13.98 

13.24 

13.98 

13.24 

12.75 

12.75 
13.73 

12.75 

12.75 

13.73 

12.75 
12.7 5 

13.73 

12.26 

12.26 

13.24 

13.24 

12.75 

12.75 

7.85 

7.85 

7.85 

7.85 

52 

45 

52 

45 

45 

52 

45 

45 

52 

45 

29 

31 

29 

31 

45 

52 
50 

45 

52 

so 
45 

52 

so 
50 

48 

50 

4 3 

45 

45 

32 

32 
32 

32 

16.61 

16.73 

17.34 

16.73 

16.73 

17.34 

16.73 

16.73 

17.34 

16.73 

16.54 

15.98 

16.54 

15.98 

16.73 

17.34 

18.1 s 
16.73 

17.34 

18.15 

16.73 

17.34 

18.1 s 
16.68 

16.50 

17.66 

17.04 

12.75 

12.75 

10.67 

10.67 

10.6 7 

10.67 

0 

108 

108 

108 

0 

0 

30 

30 

30 

0 

0 

0 

0 

0 

13.64 5.41 28.73 0 

46.29 28.73 0 

46.29 46.29 28.73 0 

46.29 46.29 28.73 0 

7.77 3.03 2.39 35 

7 .77 3.03 2.39 35 

48.19 28.75 28.73 0 

48.66 29.22 28.73 0 

48.66 29.22 28.73 0 

25.62 10.42 28.73 0 

26.20 11 .25 28.73 0 

19.44 4.49 28.73 0 

4 .88 0.39 2.39 37 

4 .88 0.39 2.39 37 



Appendix C. Simplified Newmark Results Using a Uniform Slope Angle of 22.s• 
(soned by Factor of Safety)! 

Unit 
10 

23D 

23E 

23F 

Cu 

Ck 

10D 

10E 

10F 

59 

62 

410 

41E 
41F 

39F 

700 

70E 

70F 

71F 

HRD 

69D 
69F 

SnA 

SnB 

SnC 
65B 

65C 

65D 

28 

33 
25 

30C 

30D 

30E 

6C 

58 

22 

21 

MUE 

MUF 

MUG 

McB 

McC 

McD 

McE 

Wa 

Unit 
name 

CRUISER 

CRUISER 

CRUISER 

COURTNEY 

CLACKAMAS 

BOHANNON 

BOHANNON 

BOHANNON 

PITS 

RIVERWASH 

KLICKITAT 

KLICKITAT 

KLICKITAT 

KILCHIS 

VALSETZ 
VALSETZ 
VALSET2 

VALSET2 

HOREB 

TRASK 
TRASK 

SANTIAM 

SANTIAM 

SANTIAM 

SANTIAM 

SANTIAM 

SANTI AM 

GRANDE RONDE 

HOLCOMB 

DAYTON 

HELMICK 

HELMICK 

HELMICK 

BASHAW 

PILCHUCK 

COVE 

COVE 

MCCULLY 

MCCULLY 

MCCULLY 

MCCULLY 

MCCULLY 

MCCULLY 

MCCULLY 

WALDO 

Cohesion 

2 .394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 
2.394 

22.S036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

2.394 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

Angle of 
internal 
Friction 

37 

37 

37 

38 

35 

33 

33 
33 

38 

38 

36 

36 

36 

37 

37 

37 

37 

37 

36 

38 

38 

0 

0 

0 
0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 
normal 
stress 

13.09 

13.09 

13.09 

44.70 

45.17 

11.31 

11.31 

11.31 

25.51 

25.51 

16.62 

16.62 

16.62 

16.62 

6.44 

6.44 

6.44 

6.44 

41.38 

11.33 
11 .33 

50.29 

50.29 

50.29 

50.08 

50.08 

50.08 

48.75 

48.61 

48.09 

47.62 

47.62 

47.62 

47.51 

50.35 

46.47 

46.33 

46.23 

46.23 

46.23 

46.23 

46.23 

46.23 

46.23 

44.89 

Effective 
normal 
stress 

2.62 

2.62 

2.62 

18.54 

21.00 

2.84 

2.84 

2 .84 

10.56 

10.56 

6.15 

6.15 

6.15 

6.15 

0.46 

0.46 

0.46 

0.46 

23.19 

3.61 

3.61 

27.12 

27.12 

27.12 

30.64 

30.64 

30.64 

27.07 

25.44 

24.17 

25.19 

25.19 

25.19 

21.35 

32.41 

21.05 

20.92 

46.23 

46.23 

46.23 

46.23 

46.23 

46.23 

46.23 

18.72 

Factor 
of 

Safety 

0.84 

0 .84 

0.84 

0.92 

0.92 

0.95 

0.95 

0.95 

1.03 

1.03 

1.03 

1.03 

1.03 

1.05 

1.10 

1.10 

1.10 

1.10 

1.13 

1.15 

1.15 

1.17 

1.17 

i. 17 
1.17 

1.17 

1.17 

1.21 

1.21 

1.22 

1.23 

1.23 

1.23 

1.24 

1.25 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.27 

1.31 

Critical 
Acceleration 

(&c) 

·0.06 

·0.06 

·0.06 

·0.03 

-0.03 

·0.02 
-0,02 

· 0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.04 
0.04 

0.04 

0.04 

0.05 

0.06 

0.06 

0.06 

0.06 
0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.09 

0.09 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.12 

Newmark 
Displacement 

(ON) for 
22.5" Slopes 

338.86 

338.86 

338.86 

212.68 

210.04 

184.63 

184.63 

184.63 

115.96 

115.96 

115.92 

115.92 

115.92 

100.64 

74.39 
74.39 

74.39 

74.39 

61.51 

55.24 

55.24 

50.07 

50.07 
50.07 
48.64 

48.64 

48.64 

40.34 

39.55 

36.64 

34.12 

34.12 

34.12 

33.55 

30.64 

28.53 

27.91 

27.47 

27.47 

27.47 

27.47 

27.47 

27.47 

27.47 

21.97 

I Unit names and symbols correspond to Williams (1972) and Knezevich (1982). Please mer to the Soil Slide Analys is section for equations 
and conditions assumed. This is a comprehensive list of units; not all are located within the study area. 
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Unit 
ID 

Ba 

6A 

7 

71F 

800 

80F 

76C 

76E 

Co 

20 

joB 

JoC 

JoO 

JoE 

36C 

360 

36E 

370 

37E 

2 

35C 

350 

35E 

WIA 

WuA 

WuC 

WuD 

24D 

CLD 

77C 

77D 

Ho 

Ch 

14 

77A 

48A 

48B 

49 

MaA 

MaB 

18 

Mb 

340 

34E 

34F 

45 

46 

Unit 
name 

BASHAW 

BASHAW 

BASHAW 

VALSETZ 

YELLOWSTONE 

YELLOWSTONE 

WITZEL 

WITZEL 

CONCORD 

CONCORD 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

JORY 

ABIQUA 

JORY 

JORY 

JORY 

WILLAMETTE 

WOODBURN 

WOODBURN 

WOODBURN 

CUM LEY 

CUM LEY 

WOODBURN 

WOODBURN 

HOLCOMB 

CHEHALIS 

CHEHAUS 

WOODBURN 

MCALPIN 

MCALPIN 

MCBEE 

MCALPIN 

MCAlPIN 

COBURG 

MCBEE 

HONEY GROVE 

HONEYGROVE 

HONEYGROVE 

MALA BON 

MALA BON 

Cohesion 

22.5036 

22.5036 

22.5036 

2.394 

2.394 

2.394 

2.394 

2.394 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

Angle of Total 
Internal normal 
Friction stress 

0 44.89 

0 44.89 

0 44.89 

37 4.88 

37 4.88 

37 4.88 

35 7.77 

35 7.77 

0 51.14 

0 51.05 

0 49.71 

0 49.71 

0 49.71 

0 49.71 

0 49.52 

0 49.52 

0 49.52 

0 49.52 

0 49.52 

0 49.33 

0 49.21 

0 49.21 

0 49.21 

0 48.86 

0 48.86 

0 48.86 

0 48.86 

0 48.84 

0 48.81 

0 48.66 

0 48.66 

0 48.63 

0 48.53 

0 48.25 

0 48.19 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

0 47.58 

Effective 
normal 
stress 

18.72 

18.72 

18.72 

0 .39 

0 .39 

0 .39 

3.03 

3.03 

24.97 

24.89 

49.71 

49.71 

49.71 

49.7 1 

49.52 

49.52 

49.52 

49.52 

49.52 

49.33 

49.21 

49.21 

49.21 

48.86 

48.86 

48.86 

48.86 

29.40 

30.12 

29.22 

29.22 

24.46 

48.53 

48.25 

28.75 

28.1 4 

28.1 4 

28.1 4 

26.40 

26.40 

26.65 

27.40 

47.58 

47.58 

47.58 

47.58 

47.58 

Factor 
of 

Safety 

1.31 

1.31 

1.31 

1.43 
1.43 

1.43 

1.47 

1.47 

1.47 

1.47 

1.51 

1.51 

1.51 

1.51 

1.52 

1.52 

1.52 

1.52 

1.52 

1.52 

1.53 

1.53 

1.53 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1.55 

1.56 

1.56 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 

1.58 
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Newmark 
Critical Displacement 

Acceleration (ON) for 
(a.) 22.5' Slopes 

0.12 21.97 

0.12 21.97 

0.12 21.97 

0.16 10.95 
0.16 10.95 

0.16 10.95 

0.18 8.84 

0.18 8.84 

0.18 8.72 

0.18 8.60 

0.20 6.81 

0.20 6.81 

0.20 6.81 

0.20 6.81 

0.20 6.59 

0.20 6.59 

0 .20 6.59 

0 .20 6.59 

0.20 6.59 

0 .20 6.37 

0 .20 6.22 

0.20 6.22 

0 .20 6.22 

0.21 5.85 

0 .21 5.85 

0 .21 5.85 

0.21 5.85 

0 .21 5.82 

0 .21 5.79 

0 .21 5.63 

0 .21 5.63 

0 .21 5.60 

0 .21 5.50 

0 .21 5.21 

0 .21 5.15 

0 .22 4.58 

0 .22 4 .58 

0.22 4.58 

0.22 4.58 

0.22 4.58 

0.22 4.58 

0.22 4.58 

0.22 4 .58 

0.22 4.58 

0.22 4.58 

0.22 4.58 

0.22 4.58 
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Unit 
10 

Da 

19 

3 

CeC 

27C 

27D 

MID 

MmE 

31C 

31D 

AbA 

AbB 

La 

Am 

SkB 

SkD 

SIB 

WIA 

WIC 

7SA 

7SC 

7SD 

1A 

1 B 

We 

73 

42B 

43F 

430 

72 

MYB 

440 

44E 
44F 

9D 

9E 

11 

38E 

38F 

39F 

660 

66E 

JoB 

54 

Nw 
Nu 

53 

70 

Unit 
nil me 

DAYTON 

COBURG 

AMITY 

CHEHALEM 

DUPEE 

DUPEE 

MCCULLY 

MCCULLY 

HELVETIA 

HELVETIA 

ABIQUA 

ABIQUA 

LAB ISH 

AMITY 

SALKUM 

SALKUM 

SALKUM 

WILLAMETTE 

WILLAMETTE 

WILLAMETTE 

WILLAMETTE 

WILLAMETTE 

ABIQUA 

ABIQUA 

WAPATO 

WAPATO 

KNAPP A 

LUCKIAMUTE 

LUCKIAMUTE 

WALDO 

MIN NIECE 

LURNICK 

LURNICK 

LURNICK 

BLACHLY 

BLACHLY 

BRENNER 

KILCHIS 

KILCHIS 

KILCHIS 

SLICKROCK 

SLICKROCK 

JORY 

NEWBERG 

NEWBERG 

NEWBERG 

NEWBERG 

Cohesion 

28.728 

28.728 

28.728 

28.728 

28.72B 

2B.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 
28.728 

28.728 

28.728 

28.728 

28.728 

2.394 

2.394 

28.728 

28.728 

4.788 

4.788 
4.788 

28.728 

28.728 

28.728 

2.394 

2.394 

2.394 

2.394 

2.394 

28.728 

2.394 

2.394 

2.394 

2.394 

Angle of 
lntern01l 
Friction 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

37 

37 

0 

0 

35 

35 

35 

0 

0 

0 
37 

37 

37 

33 

33 

0 

34 

34 

34 

34 

Total 
normal 
s tress 

47.54 

47.39 

47.34 

47.33 

47.21 

47.21 

47.20 

47.06 

46.97 

46.97 

46.91 

46.91 

46.73 

46.68 

46.61 

46.61 

46.61 

46.35 

46.35 

46.29 

46.29 

46.29 
46.23 

46.23 

46.13 

46.12 

46.06 

5.82 

5.82 

44.89 

44.89 

10.90 

10.90 

10.90 

44.70 

44.70 

44.30 

5.83 

5.83 

5.83 

38.46 

38.46 

42.89 

43.80 

43.69 

43.46 

43.46 

Effective 
normal 
s tress 

21.38 

26.46 

23.42 

23. 16 

24.79 

24.79 

47.20 

47.06 

33.51 

33.51 
46.91 

46.91 

21.81 

21.76 

46.61 

46.61 

46.61 

46.35 

46.35 

46.29 

46.29 

46.29 

4 6.23 

46.23 

19.97 

20.70 

46.06 

1.83 

1.83 

18.72 

18.72 

3.42 

3.42 

3.42 
44.70 

44.70 

18.89 

2.10 

2.10 

2.10 

38.46 

38.46 

42.89 

43.80 

43.69 

43.46 

43.46 

Filctor 
of 

Sll.fe ty 

1.58 

1.58 

1.59 

1.59 

1.59 

1.59 

1.59 

1.60 

1.60 

1.60 
1.60 

1.60 

1.61 

1.61 

1.61 

1.61 

1.61 

1.62 

1.62 

1.62 

1.62 

1.62 
1.62 

1.62 

1.63 

1.63 

1.63 

1.65 

1.65 

1.67 

1.67 

1.68 

1.68 

1.68 

1.68 

1.68 

1.69 

1.73 

1.73 

1.73 

1.73 

1.73 

1.75 

1.77 

1.77 

1.77 

1.77 

Newm01rk 
Crltlal Dlsplilcem ent 

Acceleration (ON) for 
(iiJ 22.5" Slopes 

0.22 4 .55 

0.22 4.42 

0.22 4.38 

0.22 4.37 

0.23 4.27 

0.23 4.27 

0.23 4.26 

0.23 4.14 

0.23 4.07 

0.23 4.07 

0.23 4.0 2 

0.23 4.02 

0.23 3.88 

0.23 3.84 

0.23 3.78 

0.23 3.78 

0.23 3.78 

0.24 3.59 

0.24 3.59 

0.24 3.55 

0.24 3.55 

0.24 3.55 

0.24 3.50 

0.24 3.50 

0.24 3.43 

0.24 3.42 

0.24 3.38 

0.25 3.04 

0.25 3.04 

0.26 2.64 

0.26 2.64 

0.26 2.54 

0.26 2 .54 

0.26 2.54 

0.26 2.53 

0.26 2.53 

0.27 2.32 

0 .28 1.93 

0 .28 1.93 

0.28 1.93 

0 .28 1.88 

0.28 1.88 

0 .29 1.67 

0 .30 1.48 

0 .30 1.47 

0 .30 1.47 

0 .30 1.47 
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Unit 

10 

Unit 

name 

MARTY 

MARTY 

CLOQUATO 

ALLUVIAL LAND 

CLOQUATO 

BRIEDWELL 

BRIEDWELL 

BRIEDWELL 

ASTORIA 

ASTORIA 

Cohesion 

28.728 

28.728 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

28.728 

28.728 

470 

47E 

em 
Ad 
17 

12A 

12C 

120 

50 

SE 
Te 

13 

Ca 

Sa 

Sy 

TERRACE ESCARPMENTS 2.394 

CAMAS 2.394 

CAMAS 2.394 

SALEM 2.394 

STONY ROCK LAND 2.394 

HSC HOREB 

HSE HOREB 

St SIFTON 

40 APT 

4E APT 

WHE WHETSTONE 

WHF WHETSTONE 

WHG WHETSTONE 

HEE HENLINE 

HEF HENLINE 

HEG HENLINE 

WHG WHETSTONE 

NsE NEKIA 

WtE WITZEL 

So SEMIAHMOO 

648 SALKUM 

64C SALKUM 

78 XEROCHREPTS 

78 XEROCHREPTS 

68C SUVER 

680 SUVER 

68E SUVER 

26C DIXONVILLE 

26D DIXONVILLE 

HTD HUl lT 

HTE HULLT 

HTF HULLT 

HuB HULLT 

HuD HULLT 

SuC SILVERTON 

SuD SILVERTON 

32D HEMBRE 

2.394 

2.394 

2.394 

28.728 

28.728 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

2.394 

28.728 

28.728 

28.728 

28.728 

28.728 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

28.728 

28.728 

28.728 

28.728 

28.728 

22.5036 

22.5036 

28.728 

Angle of 
Internal 

Friction 

0 

0 

35 

35 

35 

35 

35 

35 

0 

0 

36 

37 

37 

37 

38 
38 

38 
38 

0 

0 
38 

38 
38 
38 

38 
38 

38 
35 

35 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 
normal 

stress 

42.30 

42.30 

46.85 

46.43 

46.31 

41.52 

41.52 

41.52 

39.73 

39.73 

43.76 

47.17 

47.23 

46.2 1 

61.52 

42.36 

42.36 

37.63 

32.42 

32.42 

14.1 2 

14.12 

14.1 2 

11 .67 

11 .67 

11 .67 

11.67 

7.80 

7.77 

28.74 

26.40 

26.40 

26.20 

25.62 

18.56 

18.56 

18.56 

18.44 

18.44 

22 .86 

22 .86 

22 .86 

22 .86 

22 .86 

16.68 

16.68 

20.18 

Effective 
normal 

stress 

42.30 

42.30 

46.85 

46.43 

46.31 

4 1.52 

41.52 

4 1.52 

39.73 

39.73 

43.76 

47.17 

47.23 

46.2 1 

61.52 

42.36 

42.36 

37.63 

12.98 

12.98 

14.12 

14.12 

14.12 

11.67 

11.67 

11.67 

11 .67 

7.80 

7.77 

3.57 

11 .44 

11 .44 

11.25 

10.42 

12.58 

12.58 

12.58 

8.72 

8.72 

22.86 

22.86 

22.86 

22.86 

22.86 

16.68 

16.68 

6.73 

Factor 
of 

Safety 

1.77 
1.77 

1.82 
1.83 

1.83 
1.84 

1.84 

1.84 

1.89 

1.89 

1.90 

1.95 

1.95 

1.95 

1.99 

2.03 

2.03 

2.05 

2.32 

2.32 

2.33 

2.33 

2. 33 

2.42 

2.42 

2.42 

2.42 

2.49 

2.50 

2.61 

2.84 
2.84 

2.86 

2.93 

3.17 

3.17 

3.17 

3.19 

3.19 

3.28 

3.28 

3.28 

3.28 

3.28 
3.53 

3.53 

3.72 
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Critical 
Acceleration 

(ac) 

0.30 

0.30 

0.32 

0.32 

0.32 

0.32 

0.32 

0.32 

0.34 

0.34 

0.34 

0.36 

0.36 

0.37 

0.38 

0.40 

0.40 

0.40 

0.50 

0.50 

0.51 

0.51 

0.51 

0.54 

0.54 

0.54 

0.54 

0.57 

0.57 

0.62 

0.71 

0.71 

0.71 

0.74 

0.83 

0.83 

0.83 

0.84 

0.84 

0.87 

0.87 

0.87 

0.87 

0.87 

0.97 

0.97 

1.04 

Newmark 

Displacement 
(ON) for 

22.5' Slopes 

1.45 

1.45 

1.09 

1.08 

1.08 

0.98 

0.98 

0.98 

0.74 

0.74 

0.71 

0.51 

0 .51 

0 .51 

0 .42 

0.32 

0.32 

0.29 

0.06 

0.06 

0.06 

0.06 

0.06 

0.03 

0.03 

0.03 

0.03 

0.02 

0.02 

0.0 1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.oo 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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Unit Unit 
ID name 

32E HEMBRE 

32F HEMBRE 

HaB HAZELAIR 

HaD HAZELAIR 

HcD2 HAZELAIR 

29C HAZELAIR 

29D HAZElAIR 

29E HAZElAIR 

79 XEROFLUVENTS 

KCD KINNEY 

KCF KINNEY 

KCG KINNEY 

61C RITNER 

61 D RITNER 

61E RITNER 

NkC NEKIA 

NsE NEKIA 

NsF NEKIA 

52C NEKIA 

52D NEKIA 

52E NEKIA 

52F NEKIA 

NeB NEKIA 

NeC NEKIA 

NeD NEKIA 

NeE NEKIA 

Nef NEKIA 

SCE STEIWER 

SwB STEIWER 

SwD STEIWER 

SOD MCDUFF 

SOE MCDUFF 

SOF MCDUFF 

8C BELLPINE 

80 BELLPINE 

8E BELLPINE 

SF BELLPINE 

8G BELLPINE 

74C WlllAKENZIE 

74D WILLAKEN:ZIE 

74E WlllAKEN:ZIE 

74F WILLAKENZIE 

SSD PEAVINE 

SSE PEAVINE 

55F PEAVINE 

16E CHEHULPUM 

67C STEIWER 

72 

Cohesion 

28.728 

28.728 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

22.5036 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

28.728 

Angle of 
internal 
Friction 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

Total 
normal 
stress 

20.18 

20.1 8 

15.54 

15.54 

15.54 

15.39 

15.39 

15.39 

19.44 

18.84 

18.84 

18.84 

16.19 

16.19 

16.19 

15.88 

15.88 

15.88 

14.42 

14.42 

14.42 

14.42 

14.42 

14.42 

14.42 

14.42 

14.42 

14.17 

14.17 

14.17 

14.14 

14.14 

14.14 

13.81 

13.81 

13.81 

13.81 

13.81 

13.64 

13.64 

13.64 

13.64 

12.47 

12.47 

12.47 

11 .54 

11 .54 

Effective 
normal 
stress 

6.73 

6.73 

10.56 

10.56 

10.56 

10.41 

10.41 

10.41 

4.49 

18.84 

18.84 

18.84 

6.73 

6.73 

6.73 

15.88 

15.88 

15.88 

5.45 

5.45 

5.45 

5.45 

14.42 

14.42 

14.42 

14.42 

14.42 

14.17 

14.17 

14.17 

4.67 

4.67 

4.67 

5.84 

5.84 

5.84 

5.84 

5.84 

5.41 

5.41 

5.41 

5.41 

4.99 

4.99 

4.99 

5.06 

5.06 

Factor 
of 

Safety 

3.72 

3.72 

3.78 

3.78 

3.78 

3.82 

3.82 

3.82 

3.86 

3.98 

3.98 

3.98 

4.64 

4.64 

4.64 

4.73 

4.73 

4.73 

5.21 

5.21 

5.21 

5.21 

5.21 

5.21 

5.21 

5.21 

5.21 

5.30 

5.30 

5.30 

5.31 

5.31 

5.31 

5.44 

5.44 

5.44 

5.44 

5.44 

5.51 

5.51 

5.51 

5.51 

6.02 

6.02 

6.02 

6.50 

6.50 

Newmark 
Critical Displacement 

Acceleration (DN) f or 
(~) 22.5' Slopes 

1.04 0.00 

1.04 0.00 

1.07 0.00 

1.07 0.00 

1.07 0.00 

1.08 0.00 

1.08 0.00 

1.08 0.00 

1.1 0 0.00 

1.14 0.00 

1.14 0.00 

1.1 4 0.00 

1.39 0.00 

1.39 0.00 

1.39 0.00 

1.43 0.00 

1.43 0.00 

1.43 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.61 0.00 

1.65 0.00 

1.65 0.00 

1.65 o.oo 
1.65 0.00 

1.65 0.00 

1.65 0.00 

1.70 0.00 

1.70 o.oo 
1.70 0.00 

1.70 0.00 

1.70 0.00 

1.72 0.00 

1.72 0.00 

1.72 0.00 

1.72 0.00 

1.92 0.00 

1.92 0.00 

1.92 0.00 

2.11 0.00 

2.11 0.00 
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Newm01rk 
Angle of Totill Effective Factor Critical Displuement 

Unit Unit internal normal normal of Acceleration (DN) for 
ID name Cohesion Friction stress stress Safety <a.) 22.5" Slopes 

670 STEIWER 28.728 0 11.54 5.06 6.50 2.11 0 .00 
67E STEIWER 28.728 0 11 .54 5.06 6.50 2.11 0 .00 
400 KltOWAN 28.728 0 10.54 4.56 7.13 2.34 0 .00 

40E KILOWAN 28.728 0 10.54 4.56 7.13 2.34 0 .00 
40F KILOWAN 28 .728 0 10.54 4.56 7.13 2.34 0.00 
510 MULKEY 28.728 0 9.34 0.62 8.04 2.69 0.00 
56( PHILOMATH 22.5036 0 6.34 2.85 9.27 3.17 0.00 

57E PHILOMATH 22.5036 0 6 .34 2.85 9.27 3.17 0.00 
60( RICKREALL 28.728 0 7.28 3.04 10.32 3.56 0.00 
600 RICKREALL 28.728 0 7.28 3.04 10.32 3.56 0.00 
60E RICKREALL 28.728 0 7.28 3.04 10.32 3.56 0.00 
60F RICKREALL 28.728 0 7.28 3.04 10.32 3.56 0.00 

15C CHEHUlPUM 28.728 0 7.00 3.01 10.73 3.72 0.00 
1 SE CHEHUlPUM 28.728 0 7.00 3.01 10.73 3.72 0.00 
16E CHEHUlPUM 28.728 0 7.00 3.01 10.73 3.72 0.00 
Sv8 STAYTON 28.728 0 5. 59 5.59 13.44 4 .76 0.00 
SCE STEIWER 28 .728 0 5.25 5.25 14.31 5.09 0 .00 
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