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1.0 INTRODUCTION 

1.1 PU5P2SE $ND S&2PE 2F :25. 

7his report presents the results of a geotechnical and geologic ha]ards investigation conducted for 
/ot 805 of Summit Eden Phase 1&, part of the currently on-going e[pansion at the Powder 
0ountain SNi 5esort in :eEer &ounty. 7he purpose of our investigation was to assess the nature 
and engineering properties of the suEsurface soils at the project site and to provide 
recommendations for the design and construction of foundations, grading, and drainage. In 
addition, geologic ha]ards have Eeen assessed for the property. 7he scope of worN completed for 
this study included literature review, site reconnaissance, suEsurface e[ploration, engineering 
analyses, and preparation of this report.  
 
2ur services were performed in accordance with our proposal dated 0ay �, 2019, and your signed 
authori]ation. 7he recommendations presented in this report are suEject to the limitations 
presented in the �/imitations� section of this report (Section �.1).  

1.2 P52JE&7 DES&5IP7I2N 

2ur understanding of the project is Eased primarily on our previous involvement with the Summit 
Powder 0ountain 5esort project, which included two geotechnical investigations for the greater 
200-acre Powder 0ountain 5esort e[pansion project (IGES, 2012a and 2012E), as well as a 
numEer of lot-specific and site-specific geotechnical and geologic ha]ard investigations in various 
locations across the greater Powder 0ountain 5esort e[pansion area. 7he project site is located 
within the Summit Powder 0ountain 5esort, illustrated on the Site Vicinity Map, Figure $-1 in 
$ppendi[ $.  
 
7he Summit Powder 0ountain 5esort e[pansion project is located southeast of S5-158 (Powder 
0ountain 5oad), south of previously developed portions of Powder 0ountain 5esort, in 
unincorporated :eEer &ounty, Utah. 7he Summit Powder 0ountain project area is accessed Ey 
Powder 5idge 5oad. /ot 805 is located within Phase 1& of the Powder 0ountain e[pansion 
project (Summit Eden), on the south side of Spring ParN ± the street address is 8483 E. Spring 
ParN. 7he 0.347-acre residential lot has an appro[imate EuildaEle area (Euilding envelope) of 4,300 
sTuare feet. 7he proposed improvements will include a single-family home, presumaEly a high-
end vacation home, with associated improvements such as utilities and hardscape. &onstruction 
plans were not availaEle for our review� however, Eased on the architectural drawings provided Ey 
Scandinavian, the new home will Ee a three-level structure, the lowest level consisting of a partial 
walN-out Easement, founded on conventional spread footings. 
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�.0 METHODS O) STUD< 

2.1 /I7E5$7U5E 5E9IE: 

2.1.1 Geotechnical 
7he earliest geotechnical report for the area is Ey $0E& (2001), which was a reconnaissance-
level geotechnical and geologic ha]ard study. IGES later completed a geotechnical investigation 
for the Powder 0ountain 5esort e[pansion in 2012 (2012a, 2012E). 2ur previous project-wide 
worN included twenty-two test pits and one soil Eoring e[cavated at various locations across the 
200-acre development. IGES has performed single-lot geotechnical and geologic ha]ard 
investigations for nearEy projects, the closest Eeing /ot 795 (IGES, 2018a), located just west of 
/ot 805. $s a part of this current study, the logs from relevant nearEy test pits and other data from 
our previous reports were reviewed.  

2.1.2 Geological 
Several pertinent puElications were reviewed as part of this assessment. Sorensen and &rittenden, 
Jr. (1979) provides 1:24,000 scale geologic mapping of the +untsville 4uadrangle, and &rittenden, 
Jr. (1972) provides 1:24,000 scale geologic mapping of the %rown¶s +ole 4uadrangle. &oogan 
and .ing (2001) provide more recent geologic mapping of the area, Eut at a 1:100,000 scale. $n 
updated &oogan and .ing (201�) regional geologic map (1:�2,500 scale) provides the most recent 
puElished geologic mapping that covers the project area. :estern Geologic (2012) conducted a 
reconnaissance-level geologic ha]ard study for the greater 200-acre Powder 0ountain e[pansion 
project, including the /ot 805 area. 7he :estern Geologic (2012) study modified some of the 
potential landslide ha]ard Eoundaries that had previously Eeen mapped at a regional scale 
(1:100,000) Ey &oogan and .ing (2001) and Elliott and +arty (2010). 7he corresponding United 
States Geological Survey (USGS) topographic maps for the +untsville and %rown¶s +ole 
4uadrangles (2017) provide physiographic and hydrologic data for the project area. 5egional-scale 
geologic ha]ard maps pertaining to landslides (Elliott and +arty, 2010� &olton, 1991), faults 
(&hristenson and Shaw, 2008a� USGS and Utah Geological Survey (UGS), 200�), deEris-flows 
(&hristenson and Shaw, 2008E), and liTuefaction (&hristenson and Shaw, 2008c� $nderson et al., 
1994) that cover the project area were also reviewed. 7he 4uaternary Fault and Fold DataEase 
(USGS and UGS, 200�), was reviewed to identify the location of pro[imal faults that have had 
associated 4uaternary-aged displacement.  
 
Stereo-paired aerial imagery for the project site, recent and historic Google Earth imagery, and 
lidar imagery was also reviewed to assist in the identification of potential adverse geologic 
conditions. 7he aerial photographs reviewed are documented in the References section of this 
report. 
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2.2 FIE/D IN9ES7IG$7I2N 

SuEsurface soils were investigated Ey e[cavating a single test pit within the property Eoundary. 
7he appro[imate location of the test pit is illustrated on the Geotechnical & Geology Map (Figure 
$-2 in $ppendi[ $). 7he soil types were visually logged at the time of our field worN in general 
accordance with the Unified Soil Classification System (US&S). Soil classifications and 
descriptions are included on the test pit log, presented as Figure $-3 in $ppendi[ $. $ Ney to 
US&S symEols and terminology is included as Figure $-4, and a Ney to physical rocN properties 
is included as Figure $-5. 

2.3 /$%25$725< 7ES7ING 

Samples retrieved during the suEsurface investigation were transported to the IGES laEoratory for 
evaluation of engineering properties. Specific laEoratory tests included: 
 

x Grain-Si]e DistriEution ($S70 D�913) 
x Fines &ontent ($S70 D1140) 
x 0oisture &ontent ($S70 D72�3) 
x $tterEerg /imits ($S70 D4318) 
x Direct Shear ($S70 D3080) 

 
5esults of the laEoratory testing are discussed in this report and presented in $ppendi[ %.  
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3.0 GEOLOGIC CONDITIONS 

3.1 GENE5$/ GE2/2GI& SE77ING 

7he /ot 805 property is situated in the western portion of the northern :asatch 0ountains, 
appro[imately 4 miles northeast of 2gden 9alley. 7he :asatch 0ountains contain a Eroad 
depositional history of thicN PrecamErian and Paleo]oic sediments that have Eeen suEseTuently 
modified Ey various tectonic episodes that have included thrusting, folding, intrusion, and 
volcanics, as well as scouring Ey glacial and fluvial processes (StoNes, 1987). 7he uplift of the 
:asatch 0ountains occurred relatively recently during the /ate 7ertiary Period (0iocene Epoch) 
Eetween 12 and 17 million years ago (0illigan, 2000). Since uplift, the :asatch Front has seen 
suEstantial modification due to such occurrences as movement along the :asatch Fault and 
associated spurs, the development of the numerous canyons that empty into the current Salt /aNe 
9alley and Utah 9alley and their associated alluvial fans, erosion and deposition from /aNe 
%onneville, and locali]ed mass-movement events (+int]e, 1988).  
 
7he :asatch 0ountains, as part of the 0iddle 5ocNy 0ountains Province (0illigan, 2000), were 
uplifted as a fault ElocN along the :asatch Fault (+int]e, 1988). 2gden 9alley itself is a fault-
Eounded trough that was occupied Ey /aNe %onneville (Sorensen and &rittenden, Jr, 1979) Eefore 
Eeing cut through Ey the 2gden 5iver and suEseTuently dammed to form the Pineview 5eservoir.  
 
7he :asatch Fault and its associated segments are part of an appro[imately 230-mile long ]one 
of active normal faulting referred to as the :asatch Fault =one (:F=), which has well-
documented evidence of late Pleistocene and +olocene (though not historic) movement (/und, 
1990� +int]e, 1988). 7he faults associated with the :F= are almost all normal faults, e[hiEiting 
ElocN movement down to the west of the fault and up to the east. 7he :F= is contained within a 
greater area of active seismic activity Nnown as the Intermountain Seismic %elt (IS%), which runs 
appro[imately north-south from northwestern 0ontana, along the :asatch Front of Utah, through 
southern Nevada, and into northern $ri]ona. In terms of earthTuaNe risN and potential associated 
damage, the IS% ranNs only second in North $merica to the San $ndreas Fault =one in &alifornia 
(StoNes, 1987). 
 

7he :F= consists of a series of ten segments of the :asatch Fault that each display different 
characteristics and past movement and are Eelieved to have movement independent of one another 
(UGS, 199�). 7he /ot 805 property is located appro[imately 10.15 miles to the northeast of the 
:eEer Segment of the :asatch Fault, which is the closest documented +olocene-aged (active) 
fault to the property and trends north-south along the :asatch Front (USGS and UGS, 200�). 

3.2 SU5FI&I$/ GE2/2G< 

$ccording to Sorensen and &rittenden, Jr. (1979), the property is entirely underlain Ey the 
undivided 7ertiary�&retaceous :asatch and Evanston Formations (map unit 7.we), descriEed as 
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³unconsolidated pale-reddish-Erown peEEle, coEEle, and Eoulder conglomerate, forms Eoulder-
covered slopes. &lasts are mainly PrecamErian Tuart]ite and are tan, gray, or purple� matri[ is 
mainly poorly consolidated sand and silt.´ $ generali]ed Eedding attitude shows this unit striNing 
due north and dipping 10 degrees to the east. 7his map forms the Easemap for the Regional 
Geology Map 1 (Figure $-�). &oogan and .ing (2001) shows the property to Ee underlain Ey 
mass-movement deposits, descriEed as ³slides, slumps, and flows, as well as colluvium, talus, and 
alluvial fans that are mostly deEris flows.´ :estern Geologic (2012) identified a numEer of 
landslide deposits contained within the Powder 0ountain 5esort e[pansion area (Regional 
Geology Map 2, Figure $-7). In this map, the property is located within mapped landslide deposits 
descriEed as ³mi[ed slope colluvium, shallow landslides, and talus.´ $ large +olocene to /ate 
Pleistocene-aged landslide deposit is also mapped immediately south of the southern margin of 
the property. Finally, &oogan and .ing (201�) updated their 2001 map, which shows the property 
to Ee entirely located within the northeastern end of a large loEe of landslide deposits (map unit 
4ms), descriEed as ³poorly sorted clay- to Eoulder-si]ed material� includes slides, slumps, and 
locally flows and floods� generally characteri]ed Ey hummocNy topography, main and internal 
scarps, and chaotic Eedding in displaced ElocNs´ (see Regional Geology Map 3, Figure $-8). 7he 
northern margin of the property is mapped as at or very near the contact Eetween the landslide 
deposits (to the south) and the :asatch Formation (to the north� map unit 7w). $ nearEy Eedding 
attitude shows the :asatch Formation to Ee striNing nearly due north and dipping at 5 degrees to 
the east. 
 
Previous geotechnical and geologic ha]ard investigations have Eeen performed Ey IGES for nearEy 
lots, including the adjacent /ot 795 (IGES, 2018a) and /ot 825 (IGES, 2017a). 7he test pit 
e[cavated for /ot 795 found a thin (~4 to �-inch thicN) topsoil forming upon a 1 to 1.5-foot thicN 
foot thicN loose, coEEly colluvium unit, which was in turn underlain Ey poorly consolidated 
:asatch Formation consisting of clayey sand with gravel and clayey gravel with sand.  

3.3 +<D52/2G< 

7he USGS topographic maps for the +untsville and %rown¶s +ole 4uadrangles (2017) show that 
the /ot 805 project area is situated on a slope, with the local topographic gradient down to the 
southwest towards a larger west-trending ephemeral drainage1 locally Nnown as /efty¶s &anyon 
(see Figure $-1). $ small ephemeral stream drainage passes northeast-southwest along the 
southern margin of the property, which passes downslope to the southwest and empties into /efty¶s 
&anyon. No springs are Nnown to occur on the property, though it is possiEle that springs may 
occur on various parts of the property during peaN runoff. Groundwater seepage is Nnown to occur 
at the Ease of the slope at the road cut along the southern margins of /ots 745 and 755 (IGES, 
2017E). 

                                                 
1 Ephemeral stream: $ stream or reach of a stream that flows Eriefly only in direct response to precipitation in the 
immediate locality and whose channel is at all times aEove the water taEle. ($GI, 2005) 
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%aseline groundwater depths for the /ot 805 property are currently unNnown, Eut are anticipated 
to fluctuate Eoth seasonally and annually. $ Nnown spring is located appro[imately �00 feet south 
of the property (see Figure $-1)� it is possiEle that the /ot 745 and 755 e[cavations have 
intersected the hydrologic pathway for this spring. Groundwater seepage was encountered in the 
test pit e[cavated in this investigation at a depth of 8.5 feet Eelow e[isting grade from the northern 
end of the pit, with a possiEle potentiometric surface2 (water taEle) encountered at 1� feet Eelow 
e[isting grade when potholing the southern portion of the test pit. 

3.4 GE2/2GI& +$=$5DS F520 /I7E5$7U5E 

%ased upon the availaEle geologic literature, regional-scale geologic ha]ard maps that cover the 
/ot 805 project area have Eeen produced for landslide, fault, deEris-flow, and liTuefaction ha]ards. 
7he following is a summary of the data presented in these regional geologic ha]ard maps. 

3.4.1 /andslides 
7wo regional-scale landslide ha]ard maps have Eeen produced that cover the project area. &olton 
(1991) does not show the property to Ee underlain Ey or adjacent to landslide deposits, though 
south and west-trending landslide deposits are noted nearEy to the west and south. Elliott and +arty 
(2010) show the property to Ee located within mapped landslide deposits descriEed as ³/andslide 
undifferentiated from talus and�or colluvial deposits.´ $s noted aEove, Eoth :estern Geologic 
(2012� Figure $-7) and &oogan and .ing (201�� Figure $-8) show the property to Ee located 
within mapped landslide deposits. 
 
NotaEly, in more site-specific studies, landslide deposits were not oEserved in the test pits 
e[cavated for the nearEy /ot 795 and /ot 825 properties (IGES, 2018a� IGES, 2017a), though 
possiEle landslide deposits had Eeen identified across /ot 805 Eased on surficial morphology 
(IGES, 2017a). 

3.4.2 Faults 
Neither &hristenson and Shaw (2008a) nor the 4uaternary Fault and Fold DataEase of the United 
States (USGS and UGS, 200�) show any 4uaternary-aged (~2.� million years ago to the present) 
faults to Ee present on or projecting towards the suEject property. 7he :eEer &ounty Natural 
+a]ards 2verlay Districts defines an active fault to Ee ³a fault displaying evidence of greater than 
four inches of displacement along one or more of its traces during +olocene time (aEout 11,000 
years ago to the present)´ (:eEer &ounty, 2015). 7he closest active fault to the property is the 
:eEer Segment of the :asatch Fault =one, located appro[imately 10.15 miles southwest of the 
western margin of the property (USGS and UGS, 200�). 

                                                 
2 Potentiometric Surface: $ surface representing the total head of groundwater and defined Ey the levels to which 
water will rise in tightly cased wells. 7he water taEle is a particular potentiometric surface. ($GI, 2005) 
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3.4.3 DeEris Flows 
&hristenson and Shaw (2008E) do not show the project area to Ee located within a deEris-flow 
ha]ard special study area. 

3.4.4 /iTuefaction 
$nderson, et al. (1994) and &hristenson and Shaw (2008c) Eoth show the project area to Ee located 
in an area with very low potential for liTuefaction.  

3.5 5E9IE: 2F $E5I$/ I0$GE5< 

$ series of aerial photographs that cover project area were taNen from the UGS $erial Imagery 
&ollection (UGS, 2019) and analy]ed stereoscopically for the presence of adverse geologic 
conditions across the property. 7his included a review of photos collected from the years 194�, 
1952, and 19�3. $ taEle displaying the details of the aerial photographs reviewed can Ee found in 
the References section at the end of this report.  
 
No geologic lineaments, fault scarps, landslide headscarps, or landslide deposits were oEserved on 
the suEject property in the aerial photography.  
 
Google Earth imagery of the property from Eetween the years of 1993 and 2018 was also reviewed. 
No landslide or other geological ha]ard features were noted in the imagery. Preceding the 
installation of Spring ParN 5oad, the property was oEserved to Ee densely covered low-lying 
Eushes. $ southwest-northeast trending two-tracN road was put through the north-central portion 
of the lot Eetween DecemEer of 2005 and July of 200�.  No notaEle changes to the property, either 
human or natural, were oEserved in the aerial imagery Eetween July of 200� and when Spring ParN 
5oad was cut in Eetween SeptemEer of 2011 and 2ctoEer of 2014. During this time, some of the 
northern portion of the property was disturEed as part of the e[cavation and covered in fill. 
 
UGS 2015-2017 0.5-meter /iD$5 data that covers the project area was reviewed. 7his imagery 
showed the human disturEance across the property in the form of Spring ParN 5oad and the 
northeast-trending two-tracN road that passes through the northern part of the property. 7he 
ephemeral drainage along the southern margin of the property was clearly discerniEle. No distinct 
landslide deposits or other adverse geologic conditions were oEserved on the property, though 
irregular, possiEly hummocNy topography was oEserved to Ee present across and immediately to 
the southwest of the property. 

3.� SEIS0I&I7< 

Following the criteria outlined in the 2018 International %uilding &ode (I%&, 2018), spectral 
response at the site was evaluated for the Maximum Considered Earthquake (0&E) which eTuates 
to a proEaEilistic seismic event having a two percent proEaEility of e[ceedance in 50 years 
(2PE50). Spectral accelerations were determined Eased on the location of the site using the ASCE-
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7 Hazard Tool� this software incorporates seismic ha]ard maps depicting proEaEilistic ground 
motions and spectral response data developed for the United States Ey the U. S. Geological Survey. 
7hese maps have Eeen incorporated into the International Building Code (I%&) (International 
&ode &ouncil, 2018). 
 
7o account for site effects, site coefficients that vary with the magnitude of spectral acceleration 
and Site Class are used. Site &lass is a parameter that accounts for site amplification effects of soft 
soils and is Eased on the average shear wave velocity of the upper 100 feet (30 meters, 9s30)� site 
classifications are identified in 7aEle 3.�a.  
 

TabOe 3.�a 
Site COass Categories 

Site 
COass Earth MateriaOs 

Shear WaYe 
VeOoFity Range 

�Vs30� m�s 
$ +ard 5ocN !1,500 
% 5ocN 7�0-1,500 
& 9ery Dense Soil�Soft 5ocN 3�0-7�0 
D Stiff Soil 180-3�0 
E Soft Soil �180 

F Special Soils 5eTuiring Site-Specific 
Evaluation (e.g. liTuefiaEle) n�a 

 
%ased on our field e[ploration and our understanding of the geology in this area, including 
e[plorations made for other nearEy sites (IGES, 2017a and 2018a), the site is underlain Ey older 
landslide deposits derived from poorly consolidated 7ertiary-aged conglomeratic EedrocN of the 
:asatch Formation and at depth Ey the &alls Fort Shale 0emEer of the %loomington Formation, 
and would reasonaEly Ee e[pected to classify as Site &lass & or possiEly %. IGES has reviewed 
shear wave velocity measurements performed for the greater Summit Powder 0ountain project 
(PSI, 2012)� this data was oEtained in similar geologic conditions just west of the project site. 7he 
shear wave velocity data indicates that the %�& Eoundary is located Eetween 25 and 50 feet Eelow 
e[isting grade across much of the Powder 0ountain area, with a ma[imum recorded shear wave 
velocity of 3,000 fps Eelow this interface. %ased on this information and considering that the 
proposed home could conceivaEly Ee underlain Ey as much as 10 feet of surficial soils overlying 
EedrocN, the site is appropriately categori]ed as Site &lass & (measured). %ased on the assumed 
Site &lass & site coefficients, the short- and long-period Design Spectral Response Accelerations 
are presented in 7aEle 3.�E. For geotechnical practice, the geo-mean peaN ground acceleration 
(PG$0) is presented in 7aEle 3.�c. $ summary of the $S&E-7-1� data output is presented in 
$ppendi[ &.  
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TabOe 3.�b 

SpeFtraO AFFeOerations for MCE, Risk�Targeted VaOues �StruFturaO� 

Mapped B�C Boundary 
Sa �g� 

Site CoeffiFient 
�Site COass C� 

Design Sa �g� 

Ss S1 Fa Fv PG$ SDS SD1 
0.802 0.277 1.2 1.5  0.�42 0.277 

1) 7/ 8 
2) &v 1.051 
3) Seismic Design &ategory D for 5isN &ategories I, II, and III 

 
TabOe 3.�F 

SpeFtraO AFFeOerations for MCE, Geo�Mean VaOues �GeoteFhniFaO� 

Mapped B�C 
Boundary PGA �g� 

Site CoeffiFient )PGA 
�Site COass C� 

PGAM �g� 

0.349 1.2 0.419 
 

3.7 GE2/2GI& +$=$5DS $SSESS0EN7 

Geologic ha]ards assessments are necessary to determine the potential risN associated with 
particular geologic ha]ards that are capaEle of adversely affecting a proposed development area. 
$s such, they are essential in evaluating the suitaEility of an area for development and provide 
critical data in Eoth the planning and design stages of a proposed development. 7he geologic 
ha]ard assessment discussion Eelow is Eased upon a Tualitative assessment of the risN associated 
with a particular geologic ha]ard, Eased upon the data reviewed and collected as part of this 
investigation.  
 
$ ³low´ ha]ard rating is an indication that the ha]ard is either aEsent, is present in such a remote 
possiEility so as to pose limited or little risN, or is not anticipated to impact the project in an adverse 
way. $reas with a low-risN determination for a particular geologic ha]ard do not reTuire additional 
site-specific studies or associated mitigation practices with regard to the geologic ha]ard in 
Tuestion.  
 
$ ³moderate´ ha]ard rating is an indication that the ha]ard has the capaEility of adversely affecting 
the project at least in part, and that the conditions necessary for the geologic ha]ard are present in 
a significant, though not aEundant, manner. $reas with a moderate-risN determination for a 
particular geologic ha]ard may reTuire additional site-specific studies, depending on location and 
construction specifics, as well as associated mitigation practices in the areas that have Eeen 
identified as the most prone to susceptiEility to the particular geologic ha]ard.  
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$ ³high´ ha]ard rating is an indication that the ha]ard is very capaEle of or currently does 
adversely affect the project, that the geologic conditions pertaining to the particular ha]ard are 
present in aEundance, and�or that there is geologic evidence of the ha]ard having occurred at the 
area in the historic or geologic past. $reas with a high-risN determination always reTuire additional 
site-specific ha]ard investigations and associated mitigation practices where the location and 
construction specifics are directly impacted Ey the ha]ard. For areas with a high-risN geologic 
ha]ard, simple avoidance is often considered.  
 
7he following is a summary of the geologic ha]ard assessment for the /ot 805 property. 

3.7.1 /andslides�0ass-0ovement 
$ccording to the several most recent geologic maps produced that cover the property, the property 
is situated within mapped landslide deposits (&oogan and .ing, 201�� :estern Geologic, 2012� 
Elliott and +arty, 2010). Previous site-specific mapping of the area had identified possiEle 
landslide deposits across the /ot 805 property (IGES, 2017a), and an irregular surficial 
morphology was oEserved in the lidar imagery.  
 
$dditionally, landslide deposits were oEserved in the suEsurface, e[tending to a depth of at least 
20 feet Eelow e[isting grade and liNely to around 25 feet Eelow e[isting grade. NotaEly, these 
deposits were clast-rich and gradational Eetween sandy fat clay with gravel and clayey gravel with 
sand and appear to Ee derived from weathered :asatch Formation EedrocN or colluvium. No 
slicNensides or other evidence of shear was oEserved in the upper portion of the unit, though the 
unit displayed a heterogeneity in composition and appearance. 7he Easal 3 feet of the e[posed 
portion of the deposits was a distinct light Erownish gray fat clay seam with a very high plasticity. 
7his high plasticity fat clay material was very similar to material oEserved Ey IGES in the 
suEsurface in the more southerly part of the Powder 0ountain 5esort area in other investigations, 
Eeing identified as the uppermost, highly weathered portion of the &alls Fort Shale 0emEer of the 
%loomington Formation in those areas. 7his clay may represent a Easal slide plane along which 
the landslide material moved in the past, and notaEly this clay was saturated Ey groundwater at the 
time of the suEsurface investigation. 
 
+owever, the landslide deposits are considered to Ee older (Pleistocene-aged), and part of a smaller 
loEe that terminates to the west in the northern portion of /ot 795 (see Figure $-2). 7his age 
determination was made Eased upon the fact that a small drainage has developed along the eastern 
margin of the deposits, with some of the alluvial deposits overlying the landslide deposits (see 
Figure $-3). $dditionally, the landslide deposits appear to Ee overlain Ey a thin (3 to 3.5-feet thicN) 
veneer of colluvium, and the surficial morphology is more suEdued than what is typical of young 
landslide deposits. 7he scale and areal e[tent of the landslide deposits is limited Ey the fact that 
the landslide deposits were not oEserved in the test pit e[cavated on the adjacent /ot 79 property 
(IGES, 2018a). 
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Given the geologic data alone, the risN associated with landslides is considered to Ee moderate to 
high. +owever, the site is located on a largely gentle grade (~7+:19) (+ori]ontal:9ertical), and 
slope staEility modeling performed as part of our assessment indicates that the slope is staEle under 
current static conditions, although some slope deformation can Ee e[pected under seismic 
conditions (see Section 4.3). 7he slope staEility modeling therefore reduces the landslide ha]ard 
risN classification for the property to Ee moderate. 

3.7.2 5ocNfall 
7hough the property is on a slope, no EedrocN outcrops are e[posed upslope of the property. $s 
such, the rocNfall ha]ard associated with the property is considered to Ee low.  

3.7.3 Surface-Fault 5upture and EarthTuaNe-5elated +a]ards 
No faults are Nnown to Ee present on or project across the property, and the closest active fault to 
the property is the :eEer Segment of the :asatch Fault =one, located appro[imately 10.15 miles 
to the west of the property (USGS and UGS, 200�). Given this information, the risN associated 
with surface-fault-rupture on the property is considered low. 
 
7he entire property is suEject to earthTuaNe-related ground shaNing from a large earthTuaNe 
generated along the active :asatch Fault. Given the distance from the :asatch Fault, the ha]ard 
associated with ground shaNing is considered to Ee moderate. Proper Euilding design according to 
appropriate Euilding code and design parameters can assist in mitigating the ha]ard associated with 
earthTuaNe ground shaNing.  

3.7.4 /iTuefaction 
7he site is underlain in part Ey the :asatch Formation, a poorly consolidated sedimentary rocN 
unit (conglomerate), and liNely the &alls Fort Shale 0emEer of the %loomington Formation. 5ocN 
units such as these are not considered susceptiEle to liTuefaction� as such, the potential for 
liTuefaction occurring at the site is considered low.  

3.7.5 DeEris-Flows and Flooding +a]ards 
7he property contains an ephemeral drainage that passes northeast-southwest along the southern 
margin of the lot. +owever, there are no deEris-flow source areas upslope of the property, site 
grading is anticipated to utili]e the pree[isting drainage to funnel stormwater away from the 
proposed residence. Given these conditions, the deEris-flow and flooding ha]ard associated with 
the property is considered to Ee low. 

3.7.� Shallow Groundwater 
Groundwater seepage was oEserved at a depth of appro[imately 8.5 feet Eelow e[isting grade on 
the north end of the test pit. $ possiEle potentiometric surface was encountered at a depth of 
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appro[imately 1� feet Eelow e[isting grade when the test pit was potholed to a depth of 20 feet in 
the southern part of the test pit. 7he test pit was e[cavated in early June, and the groundwater level 
was liNely to Ee at or near its annual high. +owever, no springs were oEserved on the property, 
and no plants indicative of persistent shallow groundwater conditions were oEserved on the 
property.  
 
Given the e[isting data, it is e[pected that groundwater levels will fluctuate Eoth seasonally and 
annually, and the risN associated with shallow groundwater ha]ards is considered moderate to high. 
Spring thaw and runoff are liNely to significantly contriEute to elevated groundwater conditions 
(locali]ed perched conditions). +owever, shallow groundwater issues can Ee mitigated through 
appropriate grading measures and�or the avoidance of the construction of Easement levels, or 
constructing Easements with foundation drains. 
 
 
  



&opyright 2019, �IGES, Inc.     503092-001 13 of 31

4.0 GENERALIZED SITE CONDITIONS 

4.1 SI7E 5E&2NN$ISS$N&E  

0r. Peter E. Doumit, P.G., &.P.G., of IGES conducted reconnaissance of the site and the 
immediate adjacent properties on June 7, 2019. 7he site reconnaissance was conducted with the 
intent to assess the general geologic conditions present across the property, with specific interest 
in those areas identified in the geologic literature and aerial imagery reviews as potential geologic 
ha]ard areas. $dditionally, the site reconnaissance provided the opportunity to geologically map 
the surficial geology of the area. Figure $-2 is a site-specific geologic map of the /ot 805 property 
and adjacent areas. 
 
$t the time of the site reconnaissance, the property was oEserved to Ee gently sloping downhill to 
the south. 7he ground surface was oEserved to Ee irregular, and patchily covered in small Eushes 
and grasses. 7he northernmost appro[imately 10 to 15 feet of the lot was oEserved to consist of a 
fill slope e[tending north to Spring ParN 5oad. 7he southwestern side of the lot was still covered 
in appro[imately � to 8 inches of snow at the time of the site reconnaissance. 7he southwest-
trending ephemeral drainage was oEserved along the southern margin of the property, and a cluster 
of aspen trees was oEserved on the southern side of the drainage that e[hiEited strong soil creep 
downslope to the southwest. 7he drainage was not actively flowing with water during the site visit. 
 
9ariously-si]ed Eoulders and coEEles were found scattered across the surface of the property. 
7hese were typically suErounded to suEangular, and were found to Ee as large as 7.5 feet in 
diameter, though were most commonly Eetween � and 8 inches in diameter. 7he rocN clasts3 were 
found to Ee comprised entirely of pale yellowish orange to medium gray, granular to amorphous 
Tuart]ite. 7he clasts were interpreted at the time to Ee part of a surficial colluvial geologic unit 
derived from weathered :asatch Formation. 
 
No springs, seeps, or running water were oEserved on the property at the time of the site visit. 7he 
ground surface appeared to Ee have Eeen in part disturEed Ey human activity, especially in the 
northern half of the lot. No adverse geologic conditions were oEserved on the property at this time. 

4.2 SU%SU5F$&E &2NDI7I2NS 

2n June 7, 2019, one e[ploration test pit was e[cavated in the south-central portion of the lot (see 
Figure $-2). 7he test pit was e[cavated to a depth of 11.5 feet Eelow e[isting grade and 
suEseTuently potholed to a depth of 20 feet Eelow e[isting grade on the southern end of the test pit 
with the aid of a Doosan D; 340 /&-+D tracNed e[cavator. Upon completion of logging, the test 
pit was EacNfilled without engineered compaction controls. $ detailed log for the test pit is 

                                                 
3 &last: $n individual constituent, grain, or fragment of a sediment or rocN, produced Ey the mechanical or chemical 
disintegration or a larger rocN mass. ($GI, 2005) 



&opyright 2019, �IGES, Inc.     503092-001 14 of 31

displayed in Figure $-3. Four distinct geologic units were encountered in the suEsurface. 7he soil 
and moisture conditions encountered during our investigation are discussed in the following 
paragraphs. 

4.2.1 Earth 0aterials 
A�B SoiO Hori]on� 7his topsoil unit was found to Ee Eetween appro[imately 1ò and 2 feet thicN. 
7he unit was a darN yellowish Erown to Erownish ElacN, medium stiff, moist, lean &/$< with 
gravel (&/), with gravel and larger-si]ed Tuart]ite clasts comprising appro[imately 20� of the 
unit. 7he topsoil contained aEundant plant and tree roots and was found to Ee forming upon the 
underlying colluvium or alluvium unit. 
 
CoOOuYium �4F�� 7his unit was appro[imately 3 to 3ò feet thicN. 7he unit consisted of a darN 
yellowish Erown, medium stiff, moist, sandy lean &/$< with gravel (&/). Gravel and larger-si]ed 
suErounded to suEangular Tuart]ite clasts comprised Eetween appro[imately 30 and 40� of the 
unit. Individual clasts were as much as 14 inches in diameter, though the mode clast si]e was 
appro[imately 4 to � inches in diameter. 2n the northern end of the test pit, this unit was noted to 
have an increased clast concentration, with some voids oEserved Eetween clasts. It is possiEle that 
this unit may represent a weathered portion of the underlying older landslide deposits, or Ee the 
remnant of an old talus slope. 
 
AOOuYium �4aF�� 7his unit was appro[imately 2ò to 3 feet thicN. 7he unit consisted of a darN 
yellowish Erown, medium dense, moist, clayey G5$9E/ with sand (G&). Gravel and larger-si]ed 
suErounded Tuart]ite clasts comprised Eetween appro[imately 40 and �0� of the unit. Individual 
clasts were as much as 2 feet in diameter, though the mode clast si]e was appro[imately 8 inches 
in diameter. 7his unit coincided with the transition into the ephemeral drainage in the southern 
part of the lot. 
 
OOder LandsOide �4Oso�� 7his unit was at least 13.5 feet thicN and e[tended to the ma[imum depth 
of e[ploration within the test pit, including when potholing to a depth of 20 feet Eelow e[isting 
grade. 7he uppermost appro[imately 10 feet of the unit consisted of a heterogeneous mi[ture of 
moderate reddish Erown to darN reddish Erown, medium dense, moist to wet clayey G5$9E/ 
with sand (G&) gradational to sandy fat &/$< with gravel (&+). Gravel and larger-si]ed 
suErounded to suEangular Tuart]ite clasts comprised Eetween appro[imately 30 and 50� of the 
unit, with individual clasts up to 14 feet in diameter and a mode clast si]e of 4 to � inches in a wide 
range of clast si]es. 7he Easal 3 feet e[posed after potholing was a wet, light Erownish gray fat 
&/$< with gravel (&+) with a very high plasticity. 7his clay seam contained occasional 
suErounded to suEangular Tuart]ite clasts up to several inches in diameter. 
 
7he clay seam is interpreted to Ee the weathered uppermost portion of the &alls Fort Shale 0emEer 
of the %loomington Formation, though no &alls Fort Shale rocN was e[cavated from the test pit. It 
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is considered liNely that the top of the unaltered &alls Fort Shale is appro[imately 25 feet Eelow 
the e[isting grade. 

4.2.2 Groundwater 
Groundwater seepage was encountered in the north end of the test pit at a depth of appro[imately 
8.5 feet Eelow e[isting grade. Saturated materials were oEserved Eelow a depth of appro[imately 
1� feet Eelow e[isting grade in the southern part of the test pit, which may Ee representative of the 
potentiometric surface. 

4.2.3 Strength of Earth 0aterials 
7o assess the shear strength of native earth materials, a direct shear test ($S70 D�913) was 
performed on a representative soil sample of the upper portion of the older landslide deposits. 
Since the prevailing native soils are fairly coarse, generally classifying as clayey gravel with sand 
(G&), a remolded specimen was tested, with the coarse fraction removed to accommodate the 
limitation of a 2.5´ oedometer. 7he test results indicated that the soils have a friction angle of 27 
degrees and a cohesion of 283 psf (peaN strengths). 7hese test results are considered somewhat 
conservative, as the sample tested initially had a significant coarse fraction� accordingly, the in-
situ friction angle would Ee reasonaEly e[pected to Ee higher than reported on the test result. $ 
summary of the direct shear test results is presented in $ppendi[ %.  
 
&onsidering the Easal shear of the landslide could Ee in a residual, or near-residual condition, it 
would Ee reasonaEle to assume residual shear strengths along the Easal landslide shear surface 
(where the landslide comes in contact with the underlying EedrocN). 5esidual shear strength values 
are reTuired to model any pre-e[isting sheared earth material, typically isolated along a roughly 
planar surface along the Ease of a landslide. 5esidual shear strength testing was not performed for 
this project� however, residual shear strength testing was performed on a nearEy project on earth 
materials very similar to those identified within the landslide mass, in particular the soils identified 
as fat clay (IGES, 2018E). $s a part of that investigation, a ring shear test ($S70 D�4�7) was 
completed on a remolded clay sample oEtained from what was interpreted to Ee a landslide Easal 
shear surface. 7he tests were conducted under drained conditions. 7he test results indicated a 
residual friction angle of 14.4�. For ease of review, the test results are included in $ppendi[ %.  

4.3 S/2PE S7$%I/I7< 

4.3.1 GloEal StaEility 
7he lot and the surrounding area is relatively flat� however, much of the lot is underlain Ey landslide 
deposits. $ccordingly, the staEility of the e[isting landslide mass has Eeen assessed in accordance 
with methodologies set forth in %laNe et al. (2002) and $$S+72 /5FD for %ridge Design 
Specifications with respect to two representative cross-sections, illustrated on Figures D-1 and D-2 
in $ppendi[ D (the sections are identified in plan-view on Figure $-2). Section $-$¶ represents the 
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steepest section with respect to the EuildaEle area, the section line Eeing roughly perpendicular to 
the prevailing topographic lines. Section %-%¶ is intended to specifically evaluate the landslide mass 
and is drawn roughly parallel with the inferred sense of direction of the landslide mass.  
 
7he staEility of the slope was modeled using S/IDE, a computer application incorporating (among 
others) Spencer¶s 0ethod of analysis. &alculations for staEility were developed Ey searching for the 
minimum factor of safety for a failure occurring along the Easal shear of the landslide mass, just 
aEove the underlying EedrocN ± this analysis is presumed to Ee the most conservative case, as residual 
shear strength can Ee reasonaEly assumed along the shear surface. $nalysis was performed for Eoth 
static and seismic (pseudo-static) cases.    
 
Groundwater, e.g. a pie]ometric groundwater surface, was not specifically encountered during our 
suEsurface investigation� however, considering that we did encountered wet�saturated conditions 
at a depth of aEout 1� feet, and considering the history of locali]ed springs occurring early in the 
year at nearEy locations, a groundwater depth of 1� feet was adopted for this model.  
 
Spring ParN 5oad is located at the top of the slope� accordingly, a traffic surcharge of 250 psf has 
Eeen modeled for static conditions. 7he new home is e[pected to Ee founded on deep foundations� 
therefore, the majority of the load from the home will Ee transferred to deeper stratum, hence a 
surcharge load from the home was not included in the analysis.  
 
Soil strength parameters were selected Eased on soil types oEserved, local e[perience, correlation 
with inde[ properties ($tterEerg /imits, clay content), site-specific strength testing (direct shear 
test), and comparisons with soil strength laEoratory data from nearEy sites. %ased on this 
assessment, the following soil strength parameters were selected for this analysis: 
 

TabOe 4.3.1a 
SoiO Strength Parameters 

Earth 0aterials Friction angle 
(degrees)

&ohesion 
(psf)

Unit :eight 
(pcf) 

&olluvium (4c) 3� 0 125 
$lluvium�&olluvium (4ac) 35 0 120 

/andslide (4lso) 27 (14.4 5ࢥ�) 250 110 
%edrocN (7w) 38 150 135 
%edrocN (&Ec) 3 1,000 130 

EmEanNment Fill ($f) 30 100 125 
 
Pseudo-static (seismic screening) analysis of the proposed slope was performed in general 
conformance with %laNe et al. (2002), $S&E 7-1� and $$S+72 /5FD for %ridge Design 
Specifications. 7he design seismic event was taNen as the ground motion with a 2 percent 
proEaEility of e[ceedance in 50 years (2PE50). %ased on information provided the $S&E-7-1� 
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Seismic +a]ard 7ool, the geometric mean PeaN Ground $cceleration (PG$0) associated with a 
2PE50 event is estimated to Ee 0.419g. +alf of the PG$, (0.21g), was taNen as the hori]ontal 
seismic coefficient (Nh) (+ynes and FranNlin, 1984), and used in the pseudo-static seismic screen 
analysis. 7he results of the analyses have Eeen summari]ed in 7aEle 4.3.1E. 
 

TabOe 4.3.1b 
ResuOts of SOope StabiOity AnaOyses 

Section Static Factor of 
Safety

Pseudo-Static 
Factor of Safety 

$-$¶ 2.23 0.88
%-%¶ 2.29 0.77

 
7he results of the analysis indicate the e[isting conditions meet the minimum reTuired factor-of-
safety of 1.5 for static conditions� however, for the seismic (pseudo-static) case, the factor-of-
safety is less than the minimum 1.0 that is generally allowed. $ summary of the slope staEility 
analysis is presented in $ppendi[ D.  

4.3.2 Slope Deformation $nalysis 
%ased on our analysis, the landslide deposits underlying the suEject property meet the minimum 
acceptaEle factor-of-safety of 1.5 for static conditions� however, the factor-of-safety for the 
seismic case was less than 1.0. $s such, a slope deformation analysis was performed in accordance 
with the simplified screening procedure developed Ey %ray and 7ravasarou (2007). For our slope 
deformation analysis, the following parameters were adopted: 
 

x Shear :ave 9elocity: 9s   3�0 m�s (&�D Eoundary, estimated) 
x Sa(7 1.5s): 0.277g 
x 0w 7.0 
x <ield &oefficient (Ny): see 7aEle 4.3.2 and $ppendi[ D 
x +eight of Slope, +: see slope staEility analysis in $ppendi[ D 

 
$ summary of our slope deformation analysis is presented in 7aEle 4.3.2. 7he screening procedure 
suggests slope deformations on the order of 1 to 2 cm could occur during a design-level seismic 
event.  
 

TabOe 4.3.� 
SOope Deformation AnaOysis � Summary 

Section <ield (g) 
Estimated Deformation 

(cm) 
$-$¶ 0.1�5 1.0 
%-%¶ 0.138 1.� 
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�.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 GENE5$/ &2N&/USI2NS 

%ased on the results of the field oEservations, literature review, and slope staEility analyses, the 
subsurfaFe Fonditions are Fonsidered suitabOe for the proposed deYeOopment proYided that 
the reFommendations presented in this report are inForporated into the design and 
FonstruFtion of the proMeFt. 7he property is underlain Ey older (Pleistocene-aged) landslides 
deposits� these deposits are e[pected to remain staEle under static conditions� however, under 
seismic conditions, some ground deformation should Ee anticipated. $ccordingly, the foundations 
should Ee designed to accommodate some ground deformation during an earthTuaNe� for design, 
a differential settlement of 3 inches over a distance of 40 feet may Ee assumed.  
 
Supporting data upon which the following conclusions and recommendations are Eased have Eeen 
presented in the previous sections of this report. 7he recommendations presented herein are 
governed Ey the physical properties of the earth materials encountered in the suEsurface 
e[plorations. If suEsurface conditions other than those descriEed herein are encountered in 
conjunction with construction, and�or if design and layout changes are initiated, IGES must Ee 
informed so that our recommendations can Ee reviewed and revised as deemed necessary. 

5.2 GE2/2GI& &2N&/USI2NS $ND 5E&200END$7I2NS 

%ased upon the data collected and reviewed as part of the geologic ha]ard assessment, IGES maNes 
the following conclusions regarding the geological ha]ards present at the /ot 805 project area: 
 

x The Lot 80R proMeFt area appears to haYe geoOogiFaO ha]ards in the form of OandsOides 
that are FapabOe of adYerseOy impaFting the deYeOopment as FurrentOy proposed under 
the e[isting Fonditions. HoweYer, the pree[isting gentOe sOope Fombined with the 
impOementation of engineered mitigation praFtiFes are FapabOe of reduFing the 
OandsOide ha]ard risk to an aFFeptabOe OeYeO. 
 

x 5ecent geologic mapping shows the site to Ee located within young landslide deposits, 
though surficial morphology and suEsurface oEservations indicate that the property is 
underlain Ey older (Pleistocene-aged) landslide deposits. $ high plasticity fat clay seam 
may represent the Easal slide plane for these deposits at a depth of appro[imately 20 feet 
Eelow e[isting grade, and this seam is liNely Eelow the water taEle depth, further increasing 
the ha]ard risN. Slope staEility modeling indicates the underlying landslide deposits are 
staEle under static conditions, however these deposits may not Ee staEle under seismic 
conditions ± some slope deformation can Ee e[pected during a design-level seismic event. 
7herefore, the risN of landslide ha]ards is considered to Ee moderate. 7he risN associated 
with seismically-induced ground deformation can Ee mitigated Ey designing a foundation 
system capaEle of surviving some level of ground deformation (see Section 5.5.2).  
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x EarthTuaNe ground shaNing may potentially affect all parts of the project area and is 

considered to pose a moderate risN. 
 

x Shallow groundwater conditions were oEserved in the test pit, with seepage at a depth of 
8.5 feet and a liNely water taEle at a depth of 1� feet Eelow e[isting grade. 7hese represent 
groundwater levels at or near the annual high levels and are following a wet winter and 
spring. $dditionally, groundwater seepage has Eeen oEserved in test pits and springs on 
nearEy properties� therefore, shallow groundwater ha]ards are considered to Ee moderate 
to high for the property. 

 
x 5ocNfall, surface-fault-rupture, liTuefaction, deEris-flow, and flooding ha]ards are 

considered to Ee low for the property. 
 
Given the conclusions listed aEove, IGES maNes the following recommendations: 
 

x 7o maintain slope staEility, it is imperative to Neep the landslide slide plane from 
daylighting or Eeing e[posed to conditions that could increase the susceptiEility to 
downslope movement. It is considered largely impractical to over-e[cavate the landslide 
deposits across the Euilding footprint� therefore, it is recommended that footings Ee 
founded upon the clayey gravel with sand found within the upper portion of the landslide 
deposits. In an effort to minimi]e loading the head of the landslide, which would serve to 
reduce the staEility of the site, IGES recommends that the site grading Ee µEalanced¶ such 
that additional fill is not Erought to the site, or a net loss of soil is achieved during the 
earthworN for the foundations (e.g., earth materials are e[ported from the site). 

 
x Effort should Ee made to limit the introduction of water into the suEsurface near the 

proposed residence. $ppropriate grading and drainage away from the home and [eriscape 
or natural landscaping will assist in minimi]ing the introduction of water into the suEgrade, 
thereEy reducing the risN of landsliding. 
 

x %ecause landslide deposits are noted near the property, an IGES engineering geologist or 
geotechnical engineer should oEserve the foundation e[cavation to assess the aEsence (or 
presence) of landslide-induced shearing and to ensure that footings are founded on 
appropriate native materials.  
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5.3 E$57+:25. 

5.3.1 General Site Preparation and Grading 
%elow proposed structures, fills, and man-made improvements, all vegetation, topsoil, deEris and 
undocumented fill should Ee removed. $ny e[isting utilities should Ee re-routed or protected in 
place. 7he e[posed native soils should then Ee proof-rolled with heavy ruEEer-tired eTuipment 
such as a scraper or loader
. $ny soft�loose areas identified during proof-rolling should Ee 
removed and replaced with structural fill. $ll e[cavation Eottoms should Ee oEserved Ey an IGES 
representative during proof-rolling or otherwise prior to placement of engineered fill to evaluate 
whether soft, loose, or otherwise deleterious earth materials have Eeen removed, and to assess 
compliance with the recommendations presented in this report. 

not reTuired where EedrocN is e[posed in the foundation suEgrade 

5.3.2 E[cavations 
Soft, loose, or otherwise unsuitaEle soils Eeneath structural elements, hardscape or pavements may 
need to Ee over-e[cavated and replaced with structural fill. If over-e[cavation is reTuired, the 
e[cavations should e[tend ò foot laterally for every foot of depth of over-e[cavation. E[cavations 
should e[tend laterally at least two feet Eeyond flatworN, pavements, and slaEs-on-grade. 
Structural fill should consist of granular materials and should Ee placed and compacted in 
accordance with the recommendations presented in this report. 
 
Prior to placing structural fill, all e[cavation Eottoms should Ee scarified to at least � inches, 
moisture conditioned as necessary at or slightly aEove optimum moisture content (20&), and 
compacted to at least 90 percent of the ma[imum dry density (0DD) as determined Ey $S70 D-
1557 (0odified Proctor). Scarification is not reTuired where hard EedrocN is e[posed.  

5.3.3 E[cavation StaEility 
7he contractor is responsiEle for site safety, including all temporary trenches e[cavated at the site 
and the design of any reTuired temporary shoring. 7he contractor is responsiEle for providing the 
�competent person� reTuired Ey 2ccupational Safety and +ealth (2S+$) standards to evaluate 
soil conditions. For planning purposes, Soil 7ype & is e[pected to predominate at the site (sands 
and gravels). &lose coordination Eetween the competent person and IGES should Ee maintained 
to facilitate construction while providing safe e[cavations. 
 
%ased on 2S+$ guidelines for e[cavation safety, trenches with vertical walls up to 5 feet in depth 
may Ee occupied. :here very moist soil conditions or groundwater is encountered, or when the 
trench is deeper than 5 feet, we recommend a trench-shield or shoring Ee used as a protective 
system to worNers in the trench. $s an alternative to shoring or shielding, trench walls may Ee laid 
EacN at one and one-half hori]ontal to one vertical (1ò+:19) (34 degrees) in accordance with 
2S+$ 7ype & soils. 7rench walls may need to Ee laid EacN at a steeper grade pending evaluation 
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of soil conditions Ey the geotechnical engineer. Soil conditions should Ee evaluated in the field on 
a case-Ey-case Easis. /arge rocNs e[posed on e[cavation walls should Ee removed (scaled) to 
minimi]e rocN fall ha]ards. 

5.3.4 Structural Fill and &ompaction 
$ll fill placed for the support of structures, flatworN or pavements should consist of structural fill. 
Structural fill should consist of granular native soils, which may Ee defined as soils with less than 
25� fines, 10-�0� sand, and contain no rocN larger than 4 inches in nominal si]e (� inches in 
greatest dimension). Structural fill should also Ee free of vegetation and deEris. $ll structural fill 
should Ee 1-inch minus material when within 1 foot of any Ease coarse material. Soils not meeting 
these criteria may Ee suitaEle for use as structural fill� however, such soils should Ee evaluated on 
a case Ey case Easis and should Ee approved Ey IGES prior to use. 
 
$ll structural fill should Ee placed in ma[imum 4-inch loose lifts if compacted Ey small hand-
operated compaction eTuipment, ma[imum �-inch loose lifts if compacted Ey light-duty rollers, 
and ma[imum 8-inch loose lifts if compacted Ey heavy duty compaction eTuipment that is capaEle 
of efficiently compacting the entire thicNness of the lift. $dditional lift thicNness may Ee allowed 
Ey IGES provided the &ontractor can demonstrate sufficient compaction can Ee achieved with a 
given lift thicNness with the eTuipment in use. :e recommend that all structural fill Ee compacted 
on a hori]ontal plane, unless otherwise approved Ey IGES. Structural fill underlying all shallow 
footings and pavements should Ee compacted to at least 95 percent of the 0DD as determined Ey 
$S70 D-1557. The moisture Fontent shouOd be at, or sOightOy aboYe, the OMC for aOO 
struFturaO fiOO. $ny imported fill materials should Ee approved prior to importing. $lso, prior to 
placing any fill, the e[cavations should Ee oEserved Ey IGES to confirm that unsuitaEle materials 
have Eeen removed. In addition, proper grading should precede placement of fill, as descriEed in 
the General Site Preparation and Grading suEsection of this report. 
 
Specifications from governing authorities such as :eEer &ounty and�or special service districts 
having their own precedence for EacNfill and compaction should Ee followed where more stringent.  

5.3.5 2versi]e 0aterial 
%ased on our oEservations, there is a significant potential for the presence of oversi]e materials 
(larger than � inches in greatest dimension). /arge rocNs, particularly Eoulders up to 18 inches in 
diameter, may reTuire special handling, such as segregation from structural fill, and disposal.  

5.3.� Utility 7rench %acNfill 
Utility trenches should Ee EacNfilled with structural fill in accordance with Section 5.3.4 of this 
report. Utility trenches can Ee EacNfilled with the onsite soils free of deEris, organic and oversi]ed 
material. Prior to EacNfilling the trench, pipes should Ee Eedded in and shaded with a uniform 
granular material that has a Sand ETuivalent (SE) of 30 or greater. Pipe Eedding may Ee water-
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densified in-place (jetting). $lternatively, pipe Eedding and shading may consist of clean ô-inch 
gravel. Native earth materials can Ee used as EacNfill over the pipe Eedding ]one. $ll utility 
trenches EacNfilled Eelow pavement sections, curE and gutter, and hardscape, should Ee EacNfilled 
with structural fill compacted to at least 95 percent of the 0DD as determined Ey $S70 D-1557. 
$ll other trenches should Ee EacNfilled and compacted to appro[imately 90 percent of the 0DD 
($S70 D-1557). +owever, in all cases the pipe Eedding and shading should meet the design 
criteria of the pipe manufacturer. Specifications from governing authorities having their own 
precedence for EacNfill and compaction should Ee followed where they are more stringent. 

5.4 F2UND$7I2N 5E&200END$7I2NS 

%ased on our field oEservations and considering the presence of relatively competent native earth 
materials, the proposed new home may Ee founded on conventional shallow foundations. 7he 
footings may Ee founded either entirely on competent native soils or entirely on structural fill. 
Native�fill transition ]ones are not allowed. :here soft, loose, or otherwise deleterious earth 
materials are e[posed on the foundation suEgrade, IGES recommends a minimum over-e[cavation 
of two feet and replacement with structural fill. $lternatively, the foundations may Ee e[tended 
such that the foundations Eear directly on competent earth materials (:asatch Formation, e.g. 
conglomerate EedrocN, or medium dense granular surficial soils). It should Ee noted that older 
landslide deposits were identified within the test pit, although :asatch Formation (conglomeratic 
EedrocN) was identified on the adjacent lots (IGES, 2017a and 2018a). 7hus, this landslide deposit 
is e[pected to Ee highly locali]ed and relatively staEle. +owever, part of the EuildaEle area of the 
lot consists of a fill emEanNment associated with Spring ParN 5oad, hence undocumented fill will 
Ee encountered in conjunction with the e[isting road emEanNment. :e recommend that IGES 
assess the Eottom of the foundation e[cavation prior to the placement of steel or concrete, or 
structural fill, to identify the competent native earth materials as well as any unsuitaEle soils or 
transition ]ones. $dditional over-e[cavation may Ee reTuired Eased on the actual suEsurface 
conditions oEserved. 
 
Shallow spread or continuous wall footings constructed entirely on structural fill, or entirely on 
competent, uniform native earth materials may Ee proportioned utili]ing a ma[imum net allowaEle 
Eearing pressure of �,800 pounds per sTuare foot �psf� for dead load plus live load conditions. 
7he net allowaEle Eearing values presented aEove are for dead load plus live load conditions. 7he 
allowaEle Eearing capacity may Ee increased Ey one-third for short-term loading (wind and 
seismic). 7he minimum recommended footing width is 20 inches for continuous wall footings and 
30 inches for isolated spread footings.  
 
$ll conventional foundations e[posed to the full effects of frost should Ee estaElished at a 
minimum depth of 42 inches Eelow the lowest adjacent final grade. Interior footings, not suEjected 
to the full effects of frost (i.e., a continuously heated structure), may Ee estaElished at higher 
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elevations, however, a minimum depth of emEedment of 12 inches is recommended for 
confinement purposes. 

5.5 SE77/E0EN7 

5.5.1 Static Settlement 
Static settlements of properly designed and constructed conventional foundations, founded as 
descriEed in Section 5.4, are anticipated to Ee on the order of 1 inch or less. Differential settlement 
is e[pected to Ee half of total settlement over a distance of 30 feet.  

5.5.2 Dynamic Settlement 
Dynamic settlement (or seismically-induced settlement) consists of dry dynamic settlement of 
unsaturated soils (aEove groundwater) and liTuefaction-induced settlement (Eelow groundwater). 
During a strong seismic event, seismically-induced settlement can occur within loose to 
moderately dense sandy soil due to reduction in volume during, and shortly after, an earthTuaNe 
event. Settlement caused Ey ground shaNing is often non-uniformly distriEuted, which can result 
in differential settlement. In addition to settlement, ground deformation may occur as a result of 
earthTuaNe-induced ground displacement ± this is not settlement, however ground deformation can 
result in differential ground movement under a structure, thereEy causing damage.  
 
%ased on the suEsurface conditions encountered, dynamic settlement of conventional spread 
footings arising from an 0&E seismic event is e[pected to Ee low� however, ground deformation 
arising from a seismic event reactivating the underlying landslide deposits could occur (see Section 
4.3.2). $ccordingly, for design purposes, differential ground movement on the order of 3 inches 
over 40 feet may Ee assumed.  

5.� E$57+ P5ESSU5ES $ND /$7E5$/ 5ESIS7$N&E 

/ateral forces imposed upon conventional foundations due to wind or seismic forces may Ee 
resisted Ey the development of passive earth pressures and friction Eetween the Ease of the footing 
and the supporting soils. In determining the frictional resistance against concrete, a coefficient of 
friction of 0.48 for sandy�gravelly native soils or structural fill should Ee used. 
 
Ultimate lateral earth pressures from granular EacNfill acting against retaining walls, temporary 
shoring, or Euried structures may Ee computed from the lateral pressure coefficients or eTuivalent 
fluid densities presented in 7aEle 5.�. 7hese lateral pressures should Ee assumed even if the 
EacNfill is placed in a relatively narrow gap Eetween a nearly vertical soil cut and the foundation 
wall. 7hese coefficients and densities assume no Euildup of hydrostatic pressures. 7he force of 
water should Ee added to the presented values if hydrostatic pressures are anticipated. 
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&layey soils drain poorly and may swell upon wetting, thereEy greatly increasing lateral pressures 
acting on earth retaining structures� therefore, clayey soils should not Ee used as retaining wall 
EacNfill. %acNfill should consist of native granular soil with an E[pansion Inde[ (EI) less than 20. 
 

TabOe �.� 
LateraO Earth Pressure CoeffiFients 

Condition 
LeYeO BaFkfiOO �H�1V BaFkfiOO 

LateraO 
Pressure 

CoeffiFient

ETuiYaOent 
)Ouid Density 

�pFf�

LateraO 
Pressure 

CoeffiFient

ETuiYaOent 
)Ouid Density 

�pFf� 
$ctive (.a) 0.33 41.7 0.53 ��.5 
$t-rest (.o) 0.50 55 0.80 85 
Passive (.p) 3.0 375 ² ² 

Seismic $ctive 0.12 15.1 0.38 47.4 
Seismic Passive -0.33 -40.8 ² ² 
Seismic $t-rest 0.18 22.5 0.57 71.7 

 
:alls and structures allowed to rotate slightly should use the active condition. If the element is to 
Ee constrained against rotation (i.e., a Easement wall), the at-rest condition should Ee used. 7hese 
values should Ee used with an appropriate factor of safety against overturning and sliding. $ value 
of 1.5 is typically used. $dditionally, if passive resistance is calculated in conjunction with 
frictional resistance, the passive resistance should Ee reduced Ey ò. 
 
For seismic analyses, the active earth pressure coefficient provided in the taEle is Eased on the 
0ononoEe-2NaEe pseudo-static approach and only accounts for the dynamic hori]ontal thrust 
produced Ey ground motion. +ence, the resulting dynamic thrust pressure should be added to the 
static pressure to determine the total pressure on the wall. 7he pressure distriEution of the dynamic 
hori]ontal thrust may Ee closely appro[imated as an inverted triangle with stress decreasing with 
depth and the resultant acting at a distance appro[imately 0.� times the loaded height of the 
structure, measured upward from the Eottom of the structure. 

5.7 &2N&5E7E S/$%-2N-G5$DE &2NS75U&7I2N 

7o minimi]e settlement and cracNing of slaEs, and to aid in drainage Eeneath the concrete floor 
slaEs, all concrete slaEs should Ee founded on a minimum 4-inch layer of compacted gravel 
overlying properly prepared suEgrade. 7he gravel should consist of free-draining gravel or road 
Ease with a 3�4-inch ma[imum particle si]e and no more than 5 percent passing the No. 200 mesh 
sieve. 7he layer should Ee compacted to at least 95 percent of the 0DD as determined Ey $S70 
D-1557.  
 
$ll concrete slaEs should Ee designed to minimi]e cracNing as a result of shrinNage. &onsideration 
should Ee given to reinforcing the slaE with a welded wire faEric, re-Ear, or fiEermesh. SlaE 



&opyright 2019, �IGES, Inc.     503092-001 25 of 31

reinforcement should Ee designed Ey the structural engineer� however, as a minimum, slaE 
reinforcement should consist of 4¶¶ൈ4¶¶ :2.9ൈ:2.9 welded wire mesh within the middle third of 
the slaE. :e recommend that concrete Ee tested to assess that the slump and�or air content is in 
compliance with the plans and specifications. :e recommend that concrete Ee placed in general 
accordance with the reTuirements of the $merican &oncrete Institute ($&I). $ 0odulus of 
SuEgrade 5eaction of �80 psi�inFh may Ee used for design.  
 
$ moisture Earrier (vapor retarder) consisting of 10-mil thicN 9isTueen (or eTuivalent) plastic 
sheeting should Ee placed Eelow slaEs-on-grade where moisture-sensitive floor coverings or 
eTuipment is planned. Prior to placing this moisture Earrier, any oEjects that could puncture it, 
such as protruding gravel or rocNs, should Ee removed from the Euilding pad. $lternatively, the 
suEgrade may Ee covered with 2 inches of clean sand. 

5.8 02IS7U5E P527E&7I2N $ND SU5F$&E D5$IN$GE 

Surface moisture should not Ee allowed to infiltrate into the soils in the vicinity of the foundations. 
$s such, design strategies to minimi]e ponding and infiltration near the structures should Ee 
implemented.  
 
:e recommend roof runoff devices Ee installed to direct all runoff a minimum of 10 feet away 
from foundations. 7he Euilder should Ee responsiEle for compacting the e[terior EacNfill soils 
around the foundation� failure to properly compact the Easement EacNfill can result in e[cessive 
settlement and damage to e[terior improvements such as pavement or other flatworN. $dditionally, 
the ground surface within 10 feet of the structures should Ee constructed so as to slope a minimum 
of fiYe percent away from the structure. Irrigation valves should Ee placed a minimum of 5 feet 
from foundation walls and must not Ee placed within the Easement EacNfill ]one. 2ver-watering 
near the foundation walls is discouraged� use of ;eriscape and�or a drip irrigation system should 
Ee considered. Pavement sections should Ee constructed to divert surface water off the pavement 
into storm drains, curE�gutter, or another suitaEle location. 
 
Foundation drains should Ee installed around Eelow-ground foundations (e.g., Easement walls) to 
minimi]e the potential for flooding from shallow groundwater or seepage, which may Ee present 
at various times during the year, particularly spring run-off. 7he foundation perimeter drain Ee 
should constructed in accordance with the latest edition of the International 5esidential &ode 
(I5&). 

5.9 S2I/ &2552SI2N P27EN7I$/ 

/aEoratory testing of a representative soil sample oEtained from a nearEy lot (/ot 82, IGES, 2017) 
indicated that the soil sample tested had a sulfate content of 12.8 ppm. $ccordingly, the soils are 
classified as having a µlow potential¶ for deterioration of concrete due to the presence of soluEle 
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sulfate. $s such, conventional 7ype II Portland cement may Ee used for all concrete in contact 
with site soils.  
 
7o evaluate the corrosion potential of ferrous metal in contact with onsite native soil, laEoratory 
test results for nearEy /ot 82 were also reviewed� a sample from that lot was tested for soil 
resistivity, soluEle chloride and p+. 7he tests indicated that the /ot 82 soil tested has a minimum 
soil resistivity of 2,�13 2+0-cm, soluEle chloride content of 13.2 ppm and a p+ of 5.5. %ased on 
this result, the onsite native soil is considered to Ee moderately corrosive to ferrous metal.  
 
7he soils are mildly acidic - to address the acidic soil conditions, we recommend a lower 
water�cement ratio, ~0.4, for reinforced concrete. 7he lower water�cement ratio will reduce 
permeaEility of the concrete and reduce the susceptiEility of the reinforcing steel to acidic 
corrosion. 

5.10 &2NS75U&7I2N &2NSIDE5$7I2NS 

5.10.1 2ver-Si]e 0aterial 
/arge Eoulders (up to 18 inches in diameter) were oEserved on the surface and within the test pits� 
as such, e[cavation of the Easement may generate an aEundance of over-si]e material that may 
reTuire special handling, processing, or disposal.  

5.10.2 Groundwater 
Some seepage was identified in the test pit at a depth of appro[imately 8 feet Eelow grade. $t a 
depth of aEout 1� feet Eelow grade, the prevailing soils appeared wet and saturated. %ased on these 
oEservations, some groundwater issues may Ee present during the construction of the home¶s 
foundations, particularly if a Easement level is planned. 7emporary dewatering, temporary 
diversion structures, or shoring may Ee needed during construction, particularly in the spring 
during snow run-off.  
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�.0 CLOSURE 

�.1 /I0I7$7I2NS 

7he concept of risN is a significant consideration of geotechnical analyses. 7he analytical means 
and methods used in performing geotechnical analyses and development of resulting 
recommendations do not constitute an e[act science. $nalytical tools used Ey geotechnical 
engineers are Eased on limited data, empirical correlations, engineering judgment and e[perience. 
$s such the solutions and resulting recommendations presented in this report cannot Ee considered 
risN-free and constitute IGES¶s Eest professional opinions and recommendations Eased on the 
availaEle data and other design information availaEle at the time they were developed. IGES has 
developed the preceding analyses, recommendations and designs, at a minimum, in accordance 
with generally accepted professional geotechnical engineering practices and care Eeing e[ercised 
in the project area at the time our services were performed. No warrantees, guarantees or other 
representations are made. 
 
7he information contained in this report is Eased on limited field testing and our understanding of 
the project. 7he suEsurface data used in the preparation of this report were oEtained largely from 
the e[ploration made on /ot 805. It is very liNely that variations in the soil, rocN, and groundwater 
conditions e[ist Eetween and Eeyond the point e[plored. 7he nature and e[tent of the variations 
may not Ee evident until construction occurs and additional e[plorations are completed. If any 
conditions are encountered at this site that are different from those descriEed in this report, IGES 
must Ee immediately notified so that we may maNe any necessary revisions to recommendations 
presented in this report. In addition, if the scope of the proposed construction or grading changes 
from those descriEed in this report, our firm must also Ee notified. 
 
7his report was prepared for our client¶s e[clusive use on the project identified in the foregoing. 
Use of the data, recommendations or design information contained herein for any other project or 
development of the site not as specifically descriEed in this report is at the user¶s sole risN and 
without the approval of IGES, Inc. It is the client
s responsiEility to see that all parties to the project 
including the designer, contractor, suEcontractors, etc. are made aware of this report in its entirety. 
7he use of information contained in this report for Eidding purposes should Ee done at the 
contractor
s option and risN. 
 
:e recommend that IGES Ee retained to review the final design plans, grading plans and 
specifications to determine if our engineering recommendations have Eeen properly incorporated 
in the project development documents. :e also recommend that IGES Ee retained to evaluate 
construction performance and other geotechnical aspects of the project as construction initiates 
and progresses through its completion. 
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�.2 $DDI7I2N$/ SE59I&ES 

7he recommendations made in this report are Eased on the assumption that an adeTuate program 
of tests and oEservations will Ee made during the construction. IGES staff or other Tualified 
personnel should Ee on site to verify compliance with these recommendations. 7hese tests and 
oEservations should include at a minimum the following: 
 

x 2Eservations and testing during site preparation, earthworN and structural fill placement. 
x &onsultation as may Ee reTuired during construction. 
x 4uality control on concrete placement to verify slump, air content, and strength. 

 
:e also recommend that project plans and specifications Ee reviewed Ey us to verify compatiEility 
with our conclusions and recommendations. $dditional information concerning the scope and cost 
of these services can Ee oEtained from our office. 
 
:e appreciate the opportunity to Ee of service on this project. Should you have any Tuestions 
regarding the report or wish to discuss additional services, please do not hesitate to contact us at 
your convenience at (801) 748-4044. 
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