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~ November 13,2002 S _ . ~ Geotechnical Investigation Report

Rose Taylor Subdivision

GEOTECHNICAL INVESTIGATION REPORY
- FOR |
ROSE TAYLOR SUBDIVISION
- LYON COUNTY, NEVADA

1.0 INTRODUCTION

-This:report presents the results of TN& Associate’s geotechnieal investigation for the proposed subdivision
development of an existing parcel to be referred to as the “Rose Taylor Subdivision”. The site is currently
occupied by the R-A Aloha Ambians ranch. The subject site is located approximately 2 miles south of
Gardnerville, Nevada (Figure A-I). The subject property consists of approxiately 38 acres of land located
almost entirely in the north half of section 17, TI2N, and R20E. Current projéct plans call for the
construction of approximately 90 single-family residences. At the time of this report, the specific number of
lots, site grading plans, and the internal street layout had not been determined. However, it is our
understanding that the subdivision will be sirnilar in density to adjacent developments. This report is
intended for the sole and exclusive use of the Resource Concepts Incorporated and their designated agents.

The purpose of our investigation was to generally characterize the soil and-geologic conditions, identify
any geologic or adverse soil conditions that might affect the development of the site, provide grading -
criteria, foundation design parameters, seismic design factors, and to provide pavement section design
alternatives.

2.0 PROFESSIONAL STATEMENTS

Supporting-data upon which our recommendations are based are presented in the subsequent sections and
appendix of this report: Conclnsions presented herein are governed by the physical praperties of the
geologic materials encountered in our field exploration, published soils information and geologic maps, and
design data discussed in Section 2 of this report, If subsurface conditions differing from these described in
this report are encougtered, or if assumptions regarding the mode of construction change, TN & Associates
should be notified immediately so that our recommendations can be reviewed and revised as necessary.

Our professional services have been performed.in accordance with engineering principles and pracuccs
penerally aoccpted in the profession for this portion of Northern Nevada at the time of preparation of this

report,
3.0 PROJECT PESCRIPTION

Resource Concepts provided details of the project, including the existing site plan drawings and
development informatdoen to TN & Associates. It is our understanding that the plaoned subdivision will be
similar to adjacent developments both in density and in modes of construction, Homes are to be one to two

story, wood frame construction supported by conventional spread footings. Structural loads are anticipated
{o be light as is normaﬂy anticipated for residential structures. Local and ¢oliector roadways only are
expected to be included in the project. Site grading will likely include cuts and fills up to thrc:e or four feet

relative to existing grades. -

TN & Associates
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4.0 SITE CONDITIONS

" 4.1  Project Seflings and Surface Conditions

The project site is located on alluvial deposits found on the west flank of the Pine Nut Range. The site is
situated at an average elevation of approximately 4770 feet above sea level. Surrounding development
consists of agricultural land and subdivisions (Figure A-2). On-sits development is primarily located on the
east about one half of the site, A single residence, multiple barns and miscellaneous outbuildings are

_present. Septic systems (2) are reported by the awner to serve the main office and residence. In addition to
the structures, multiple fences, an irrigadon well and a single pond covering about one acre are also present
(see Figure A-Z) At the time of our investigation a single building had been removed from the site and
several fences were in the process of being removed.

Vegetation on the site generally consists of weeds and grasses in the pasture areas. Cleared areas are
present where the existing roadways traverse the site and around some of the existing buildings.
Landscaping is well developed by the pod, in the area of the residence, near the main office as well as
along the internal roadways.

The grading of the pasture areas for drainage hes altered the original topography of the site. Current
~ topography can be described as generally consisting of a gentls slope down to the west of from one t6 two
percent. The westerly edge of the mte. for-approximately two hundred fect, slopes at approximately five

pércent.

Small drainage/irrigation ditches are found on the site a8 well as along the penmc:cr No natural
WaterCourses Cross on or near the site.

- 4.2 Geologic Setting and Seismic Conditions

Geologic mapping of the area of the site is published on the Geologic Map of Lyon, Douglas, and Ormsby
Counties, Nevada Bureau of Mines and Geology (1969), This geologic map shows the site to be locatzd in
an zrea of alluvial deposits. Mapping by the Nevada Burcau of Mines and Gealogy shows the deposits in
this vicinity to consist of old river deposits of the East Fork of the Carson River, Sediments from the
Carson River are genernlly desived from Tertiary (less than 30 million-year-old) volcanic rocks dominaaily
of andesitic composition and to a lesser cxtcnt from igneous and metammorphic rocks of Mesozoic ages (235
to 60 million years).

Seizmic activity in the Douglas County area can be considered moderate to high. The entire area is mapped
in the 1997, Uniform Building Code (UBC) Scismic Zone 3 very near Seismic Zone 4 (less than 20 miles).
Zone 3 is generally considered to be areas of the country where large earthquakes of Modified Mercalli
Intensity VIII or greater can occur but are infrequent (Figure A-3). It should be noted that the yet to be

- adbpted, 2000 International Building Code does away with the Seismic Zone designations. [ustead the new
code identifies acceleration levels relative to active faults. The Genoa Fault located approximately six miles
west of the project site is one of the faults identified by thé code. Design accelerations in the new code for
this area of Douglas County are very similar to the cument Zone 4 criteria, :

The Surﬁci_al Geologic Map of the Walker Lake Quadrangle (J.C. Dohrenwend, 1982), shows no faults

-~ crossing the project site. The nearest faulis that would be considered active to the site are located two (o

three miles east of the site and six miles to the west. The faults 1o the cast belong the East Carson Valley

~ fault system. This system is.comprised of a series of short fault segments that form a dense pattern of faults.
This type of system is referred to by geologists as a “distributed fault”. The Enst Carson Valley fault system

is estimated to be capable of earthquakes on the order of Richter Magnitude 6.9. The Genoa Fault, located

some six mile west of the site is estimated to be capable of earthquakes on the order of Richter Magnitude

7.3.
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5.0 FIELD INVESTIGATION

5.1  Subsurface Exploration

Site exploration was conducted on Monday, Qciober 25, 2002. Exploration was conducted by the use of a
rubber tired backhoe. A total of nine test pits were excavated to an average depth of nine feet below the
existing surface. The borings were excavated with liftle to only moderatc difficulty as is normal for
gravelly soils. -

Our geatechnical engineer logged each of the exploration excavations. The recovered soils were visually

classified according to the Unified Soil Classification System (USCS) as per ASTM D 2487 and D 2488,

Representative soil samples were recovered by buik sampling techniques, The rock and soil samples were
retarned to our Minden, Nevada materials laboratory for additional testing and analysis.

.52 Geotechnical Profile

_ A layer of medium dense to hard, reddish brown, clayey sandy gravel (GC) covers the surface of the site.
The thickness of the surface layer varied from approximately two o three feet. The layer was not
* encountered in the parking area of the existing facility (TP-2). In this area a sty sandy fill had been placed

apparently after the removal of the clayey gravel layer. In the north west corner of the site, lcvelmg fill had

* been placed, approximately two to three feet thick.

Underdying the clayey sandy gravel layer on the éntire site to the depth explored was a grayish brown silty
sandy gravel (GM) layer with occasional cobbles and silty sand {SM) lenses. This layer ranged from loose
to mediwm dense. Maximum cobble sizes were on the order of 14 inches in diameter.

The groundwater surface was pot encountered in any of the test pits nor was any r:vzdcnce of mgh
groundwater observed. The depth to groundwater at the site is inferred to be greater than fifteen feet below

thc surface of the site based on nearby well data.

Detaded descriptions of the soil prafiles are found on the test pit logs included in the appendix of the report
as Figures A+4 through A-12, -Laboratory test data Is included as Figures A-13 through A-16.

6.0 RECOMMENDATIONS AND CONCLUSIONS

Froma geotnchmcal engineering standpoint the site i suitable for the proposed development, when
constructed, in accordance with the recommendations contained herein and applicable state and local
standards. Because of the presence of cobble gravel on the site, some specialized construction techniques
will be required to develop the site. TN & Associates recommendations are presented in the following
sections.

6.1 Clearing and Grubbing

- All buildings, septic system components, underground uiilities, debris, fences, organic wastes, compost,
. and other improvements should be removed prior to clearing and grubbing the site. Abandonment in place

of existing utilities and underground tanks may be acceptable depending on final grading, structure .
{ocations and utility lecations. Any in place abandonment should be well documented and referenced on as

~ built deawings. All such work should be performed in compliance with accepted standards and approved by

the eagineer. Monitoring of the demolition by the engineer of building foundations and septic systems is
recommended in order to ensure complete removal and in order to identify any nkpown utilities of or

adverse conditions.

Atthe time of this report the removal of the pond is under consideration by the project engineer. The owner
has reported that the pond was lined with bentoaite clay when originally constructed. If the pond is- .
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removed care should be taken to dispose of any deposits of organic matter, bentonite or ﬁnc-gramcd soils
titat have accumulated prior to building on this area, These offensive soils may be utilized in landscape
areas or blended with native gravel soils for use as topsoil. _

Vegetation and debris should be removed from the entire constraction area prior to commencement of
seneral site grading.. The depth of elearing and grubbing is estimated to be two to three inches in pasture
areas of the site, If significant root structure is encountered the depth should be extended as necessary.
Removed vegetation should be disposéd of offsite or mulched and utilized on-site in landscape areas only.
It should be noted that due to the rocky nature of the native soils that mulching the removed organic matter
may be desirable for biending with native soils to develop better topsoil

6.2 General Grading

In areas of the site to receive fill or in areas where grading will proceed directly on native granular soils, the
native soils should be scarified at least 8 inches, moisture conditioned to near optimum moisture and
compacted to a minimum of 90% of maximum dry density (all references to ASTM D1557). Itis
anticipated that at least some native spil areas wiil exceed oversize rock contents for testing by ASTM
D1557 and therefore compaction by “proof rolling” may be necessary. Where proof rolling is used ik shauld
conform to the NDOT requirements for compaction of rock fills. Where fil} depths will exceed 4 feet and
be placed against slopes steeper than 2:1, the fill should be keyed a minimum of three feet horizontally into
the slope. Fill height should not exceed two feet for each key.

Common filt should be-placed on compacted sub-grade or on compacted fill in fifis not exceeding eight
inches is loose thickness. The fiil should be moisture condmoned and compacted to 90% of Maxlmum Dry

Density (MDD).

" Structural fill is defined herein as all fill used beneath building strectures or roads. Where structure

foundations rest on stroctural fills the stractoral fifl should extend a minimum of ane footing width each
side of the footing, '

The use of rock fills on the site is possible based on the abundance of oversize materials found on the site.
Rock fiils shouid be placed in accordance with the NDOT Standard Specifications for Road and Bridge
Construction, Section 203.03.18. Rock fills will be suitable in the deeper portions of either common or

_structural fill areas with the following provisions., The rock fili should be covered with a minimum of 18

inches of select structural fill or common fill. In landscape areas, cover of the rock fills is optional, In
common or structural fill areas the rock fill should be covered with a Mirafi 140N or equal filter fabric o
prevent migration of fines into the rock voids which could result in adverse seitlements,

Unprotected soil slopes should be designed at 2:1 or less. Rock fills or rip-rapped soil slopes may be
designed at slopes up to 1.5:1. Slopes steeper than .5:1 should be mechanically stabilized with some form
of mechanical retention, Brow ditches or berms should be incorporated in design to divert surface flows
away from slope faces.

Native granular soils in arcas of cut should be scarified and compacted as described above for areas to
receive fill. The use of large w.bmnry compaction equipment is recornmended to facilitate compaction of

native sandy seils.

- . For planning purposes it should be gssumed that native gravel 2oils would shrink from 10 to 15 percent
: when placed a5 compactcd fill. Gravel and rock fil, afier the removal of any ovcrslzc materials can be

anticipated to experience shrinkage of from 3 to 8 percent,
6.3  Fill Specifications N

All fill used on the projeci should be should be clean granular material and or rock, free of organic
materials, trash or other objectionable material. Soil areas to receive fill should be scarified af least eight

Sof 10 ‘TN & Associates
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inches and compacted as appropriate for the type of soil. Granular soils (SM, GM, GC) should be
compacted to 90% of MDD. Fill should be placed on compacted subgrade soils or on stable rock fill. All -
soil ill should be placed in lifts not exceeding 8-inches in loose thickness and be compacted to a minimum
of 90% of MDD except within four inches of slabs. The last four inches of structucal fill or aggregute base
beneath slabs should be compacted 1o 95% of MDD. It is anticipated that the native granular soils
(excluding GC soils) will mect the cntcna for both common and stroctural fill after the removal of oversize
matecials. :

Rock fill should meet NDOT requirements as described in the standard specifications except as modified
herein. Rock fill with 2 maximum particle diameter of six inches should be placed in lifts of eight inches or
less: Large diameter rock fills should be placed with a maximum 1aycr thickness of one and one-third times
the vertical dimension of the largest size rock. Maximum rock size in the fill shall not exceed two feet.
Rocks larger than two feet in diameter may be placed in the boitom of deep fills if covered by a depth of
common or siructural fill of at least oné half the largest rock diameter placed in that layer, Nesting of large

" rocks should be avoided if possible. Each 1ift of rock fill shall be tested by NDOT “proof rolling” methods
andiapproved by the engineer prior to any additional fill placement. I footings are to be placed on rock fills
a leveling course at Jeast four inches thiek of structural fill placed on a filter fabric (Mirafi 140N or equal)
should be used. The intent of the simuctural fill placement is to act as a cashion over the rock fill to avoid

poini loading of the foundation.
COMMON FiLL

Fill placed in non-structural areas, as foundation backfill or as road embankment should meet the following
specifications:

COMMON FILI.
Sieve Size Percent Passing
6 inch 100
% inch . 70-100
200 0-60

Common fill shoild also have a Liquid limit of less than 60 and @ plasticity index less than or equal o 25
when tested according to ASTM D 4318, This specification is intended to aliow for the use of moderately
expansive on site clay soils in landscape areas. Care should be taken to avoid placement of these materials
in arens that may be considered for structures in the fubre.

Rock fills may also be used as commeon fill with the exception of foundation backfill,

STRUCTURAL FILL

Materials placed beneath or within one footing width laterally of footings or beneath interior floor slabs
should be classified as structural fill. Structural fill should meet the following specifications:

STRUCTURAL FILL
Sieve Size - Percent Passing
4inch : : 100
% inch _ 70-100
-No. 40 _ . . 1570
No. 200 ' 525

. Stracwuyal £ill should have a liquid limit of no more thas 40 and a plasticity index of no more than 12 when
tested by ASTM D 4318. Structural fill used beneath-concrete stabs (less than 4 inches from the stab
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bottom) should have 100% passing the 1” Sieve. Rock fill may also be conmdered as structaral fill when

. placed in accordance with NDOT recommendations.-and separated from foundation or floor slabs as

described in sections 6.4 and 6.5.

6.4. Foundation Design Criteria

‘Conventional spread footings should be placed.on compacted native granular soils (SM, GM) or on
compacted structural Sl Where structural filf is required it should extend laterally each side of the footing

- a.distance of at least 12 inches. All footings shon!d be confined on each side by a minimum of depth of 12

inches of compacted backfill (micasured from the bottom of the footing). Exterior foundations should be
confined by a minimum of 18 inches on the exposed side for frost protection. The footing backfill should
meet as a minimum the commeon fill specification and be placed in accordance with the recommendations

" described in Section 6,3 for that materizl,

Conyentional continuous spread footings from 12 to 24 inches wide or square column footings up to four
feet wide, constructed on native soils prepared as described above may be designed based on an aliowable
bearing capacity of 2000 pounds per square foot (psf). Footings larger than specified herein should be
submilted to the geetechnical engineer for review. A 10% increase in bearing capacity may be added for
each additional foot of émbedment depth greater than twelve inches to a maximum of 3000 psf.

" Total and differential‘sctﬂemcnts for foundations constrizcted int the manner described and subject io the

design load are estimated to be less than one (1) inch and three-quarters inch (%) respectively.

An allowable passive earth pressure for native soils of three hundred and fifty pounds (350) pounds per
square foot per foot of depth should be used in latera] footing end retaining wall resistance calenlations.
Where oversize rock fill may rest against retaining structures a passive earth pressure of five hundred
pounds per square foot per foot of depth is appropriate. Active soil pressures for footing wall, retaining
structures and or wingwalls of forty-five (45) and thirty (30) pounds per square foot per foot of depth
should be used respectively for structures resting against native soils or rock fill. Frictional resistance

- calenlations for-concrete resting on native soil,-common or structural fills should be based on a value of

0.35. A friction value of 0.40 may be used for concrete resting on aggregate base.

For seismic design of strustures the followmg Seismic design parameters are recommended based on Soil |
Type SD; :

_ 0il

Z =040
Co= 044
Cv= 0.64

. 8.5 Concrete

Conerete for use on site in contact with pative soils or stnfctusal fills may be comprised of either Type L or

_Type IP cement. These conclusions are based on soils data compiled in the Soil Survey of Douglas County

Area, Ne.vada, and on our local-experience. Nanve soils should be considered aggresmve to uncoated steel.

- Clayey gravel soils {GC, SC) of moderate plasticity are found on close to the surfacc across most of the

site, These soils are gencraﬂy not suitable for the direct support of slabs. These seils should be separated
from siabs by a minimwn of twelve inches of structurs! fill or aggregate base or combination thereof. It
should be noted that the soils are preseqt in layers of sbout two to three feet. It is assumed that based on the

TN & Associate
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conceptual grading plan that the majority of the offensive soils will be buried in fills or be removed in cut

Native granular soils (SM, GM}, or swructural fill will provide adequate support for interor floor slabs.
However, where slabs or foundations may be placed over cobbles, inegular projections greater than two (2,
inches above the general surface should be removed or a leveling course placed in order to avoid point

. loading of these elements. Point loading has the potential to fracture concrets especially during seismic
loading. The leveling course should provide a minimum of four inches of cover over the highest projection.
The leveling course material should meet the gradation and compaction specifications for structural fill.

Slab thickness design should be based on 2 medulus of Subgrade Reacton of one hundred seventy-five
(175) pci for compacted native granular soils (SM, GM). This value may be increased to two hundred (200]
pei:for compacted (95% MDD structural fill materials and two hundred fifty (250) pei for the addition of
at least four inches of compacted (95% MDI}) Type 2 aggrcgane base. Reinforcement of all slabs should be
as specified by the pro;ect structural engineer.

Vapor barriers are recommended for all interior slabs where floor moisture is undesirable. Vapor barriers
should consist of synthetic plastic.sheeting at least 10 mils thick, set'on top of the base or compacted native
granular material and covered with two inches of clezn medium sand, An alternative method, where
aggregate base is used, is to lay a heavy weight impermeable geotextile fabric such as Mirafi 1212 (or
equnl) bencath the aggregatc base. Ineither case, care should be taken not (o compromise the vapor barrier
during utility penetrations. Construction fraffic should be avoided on the vapor barrier,

All exierior concrete should have between four and one half percent and seven and one half percent
entrained air, a maximum witer cement ratio of 0.45 and b placed and finished in accordance with ACI

* recommendations for concrete placed in areas subject to freezing. All interior concrete should have water
cement ration of 0.5 or less and be placed in conformance with ACI recommendations for the intended use.

Exterior concrete slabs on grade for vehicular traffic and driveways should be placed on at least 4 inches of
Type 2 aggregate base. All snbgrade should be prepared as described above for the appropriate soil type.
Agpgregate base should be compacted to 95% of MDD.

Exterior flat work vsed on site only (outside of public right-of-way) may be placed on native compacted
granular $oils or on structural fill compacted to a minimum of 90% of MDD. Required separation from
native clay soils shonld be strictly adherved to (127).

6.6 Erosion and Drainage -

Native granular soils are susceptible to accelerated erpsion from concentrated flows of water. Excluding ail
rock fill areas, areas to receive concentrated flows in excess of 4 feet per second should be stabilized with
geotextile fabrie, rip-rap of both. Cut and fill soil slopes of 2:1 or less and not subject W concentrated
flowing water should be relatively stable. Soil slopes steeper than 2:1 should be mechanically stabilized
using geotextiles, rip-rap or other mechanical stabilization in combination with re-vegetation, Stabilization
of all unsupported soil slopes by re-vegetation'is strongly recommcnded using nalive grasses or landscape
shrubs.

Positive drainage should be provided away from all sirucrures and cut or fill slopes over three feet high.

. Brow ditches, swales or berms should be utilized to divert water from slope faces or structures. Irrigation
within five feet of foundation sterm walls should be avoided. Positive-drainage in crawl spaces, if any,
shonld be provided for. A path for any excess water from the craw! space should be provided either by

- installing a drainpipe to daylight or utilizing gravel drains in conjunction with utility trenches. '

8of10 TN & Associate:
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6.7  Utility Installation

Native granular soils exclusive of cobble boulder gravel (GM) should require only conventional equipment
for utiljty trench excavation. Cobble boulder gravel will likely require large cxcavators or trenchers
capableé of penetrating dense rock mateials. Native soils are genetally OSHA soil type C and all local, state
and federal safety requirements should be strictly enforced, It should'be noted that caving of some of the
exploration excavations occurred in test from four to six feet below the surface. Spalling of large cobbles
was alsg noted in many of the test pits. Shoring, sloping or trench boxes should be planned for, It is
anticipated that all pipe bedding and perhaps some trench backfill will need to be imported to the site.

6.8 - Pavement Section Design Alternatives

.Pavement section designs were calculated based on the Asphalt Institnte Methodology and checked using

the AASHTO design method. It is assumed that all streets within the proposed development will have a 20-
year econoraic design life and that track traffic will represent 15% of all vehicles. No growth was assumed-
for all streets as complete buildout of the subdivision was assumed in year one, Conservative ADT numbers
were assumed for the local streets based on a preliminary layout and the assumption of 10 trips per day per

residence in accordance with data from the Institute of Transportation Engmcers A single R-value (35) was

- getetmined for the native clayey gravel soils found on the majority of the site. ‘This single R-value was

used throughout the site for pavement design. The use of this single R-value is considered to be an
appropriately conservative assumption. The majorify of the site, where granular soils (GM-SM) will
support roadways will meet or exceed the R-value determined for the clayey gravel soil (GC).

Based:on our prior expericnce in this area, the fomgomg assumptions and our test rcsults tlu: following
typical sections are recommended: _ .

- ROAD SECTIONS _ L
STREET NAME STREET TYPE ASPHALT ° BASE . FULL DEPTH
COLLECTOR ' Collector 3 ' g .4 '
] LOCAL ST.. : ‘Local o 3 . .6 3

Aggregate base should be a Type 2 Class B compacted to at least 95% of MDD. Asphalt concrete should
meet the specifications and requirements of thc Standard Specifications | t’or Public Works as adopted by

Douglas County,

6.9 - Anticipated Construction Difficulties

Pateatial construction difficulties can be divided into two main categories. The first category is the
handling of oversize materials, In their native condition, cutting surfaces “neat” and compaction of cobble
soils will be difficult. In addition these soils will require sereening ‘to meet fill specifications. Oversize -
materials may be of use as rip-rap or be placed in the bottom of fills. The removals of oversize materials
may result in a deficit in fill quantities on the site. Oversize malterials will also add.to the difficulty of
performing nndergronnd utility installations both for the trench excavation and backfilling.

The second area of deﬁculty is'the gencral lack of suitable topsail materials, Procassmg of native soils to

- remove oversize materials will produce silty sands which when combined with organic materials could

- provide suitable topsoil. Due to the sparse vegetative cover of much of the site composting of cleared -
- materials will result in only small amounts of organic matter.

9 of 10 TN & Associates
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. 6.10. Limitations

The information contained in this report is based on standards of investigation and design guidelines
genepaily accepted in the Northern Nevada area, on our understanding of the project scope as outlined
herein and on the exploration conducted at the locations shown on the site plans. If changes to the project
scope are made in the final plans or if soil/bedrock conditions are found not to.be as depicted herein, the
.. engineer should be contacted imnwdmre]y to determine if modifications to this report are necessary. Any
changes from the engineer will be in writing and sttould be obtained by the affected party prior to
continwing any refated construction, No guamntee as to the continuity of soil or geologic conditions is
implied or intended. It is recommended that a mpresenmnve of TN& Associates be present to pc..rform thc
requxred inspections or testing where the provisions of this report may be affected, -

6.11 Construction Specifications

All construction in county right-of-way should be performed in accordance with the “Standard
Specifications for Public Works Construction ™ as accepted by Lyon County, and with other state and local
rcgu}.ations as applicable except as modified herein. All work in NDOT right-of-way should be performed
in accordance with the departments “Standard Specifications for Road and Bridge Construction™. All
excavations should be performed in strict compliance with OSHA regulations for safety and shoring for the

“appropriate soils or rock.
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MODIFIED MERCALLI SCALE

Not generally felt

Felr by persons resting, particalarly on upper floorz of buildings.

Felt indoors, especially on uppcrﬂnom of buildings, May not be recognized as an earthquake.
Yibrations resemble those of a passing light truck. -

Felt by somme outdoors, by many indoors. Vibrations rcse:mble those of a passmg héavy truck, ora
sensation of a heavy object striking the walls. Windows, dishes, and doars rattle ar make creaking
sounds. .Hanging objects swing and stationary cars rogk noticeably. :

Felt outdoors; slespers wakened, Liquids disturbed, some spifled. Small unstable objects
displaced or upset. ‘Doots swing, closl:, open. Shutiers and pictures maove, and p:ndmﬂm clocks
stop, start, or change rate.

Felt by all, many frightened and run outdoors. People walk unsteadily. Windows, dishes,
glassware broken. Objects fall off shelves and pictures fall off walls. Fumitre moved or

" overturned. Weakp!asterandpoormasonrycmclwd. Smaﬂbellsnng,andtrcuorbushwshakcn

visibly or are heard to rustle.

Difficuit to stand, Felt by drivers of cars. Hanging objects quwcr Fumiture broken. Poor
masonry damaged; fall of plaster, loose bricks, stones, tiles, cornices, and architectural omaments.
Weak chimneys broken at roof line. "Waves on ponds; water turbid with'mud. Sand and gravel
banks cave or have small slides: Concrete imigation ditches damaged. Large bells ring.

Difficult to steer motor ¢ars. Ordinary unbraced masonry damaged or partially collapsed; some

. damage to reinforced masonry but no damage to masoncy reinforced against horizontal

displacement. Smeco and some masonry walls fall. Twisting or fall of chimneys, factory stacks,
monmuments, statues, towers, or elevated tanks. Frame houses move on foundations if not bolted in
place, and Joose panel walls dislocated. Weak piling broken. Branches beoken from trees, - .
Springs change flow, wells change level, and tcmpmmmsm both may change. Cracking in wet
ground and on steep slopes.

General panic. Foor masonry destroyed, goed masonry damaged seriously. -Frame structures, not
bolted, shift off foundations; foundations generally damaged. Prames crack, Reservoirs.seriously
damaged. Conspicuous cracks in ground; und:rgmnnd pipes broken. Yo arcasof loose sediinent,
sand and xnd, sand water ejected,

" Most masonry and frame structures and foundatiens destroyed. Some Wall-bwrt wooden
struchrres and brdges destzoyed. Serieus damage to dams, dikes,' embankments. Lacge landslides

occur. Water thrown on banks of canals, dvers, lakes, and reservoirs. Flat areas of sand and mud
shifted horizontally, Railroad tracks bent slightly.

. Few if any masonry structures remain standing. Railroad trm:ks bent severely, undcrgmund pipes

completely out of service, many bridges destroyed. .
Damage to man-made structures nearly total. Large rock masses displaced, lines of sight
distorted, objects thrown into air.

_ Intensity

Richter {(maximum expected
Magnitide - Modifed Mereall)
3.0-3.9 . -
4.0-4.9 : - BV
5.0-5.9 V=¥
6.0.-6.9 ’ VH-VII
1019 . o CIXX
8.0-8.9 C ' - XERXKH
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