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1. PROJECT DESCRIPTION

The project will generally consist of providing a new community-wide wastewater
collection and treatment plant system for the unincorporated areas of Los Osos, Baywood Park,
and Cuesta-by-the-Sea in San Luis Obispo County, Catifarnia as described by MWH {2001,
2002, 2003a), Currently individual septic systems are being used in these communities. The
project will consist of constriucting a new pipeline network with associated pump stations, a
wastewatler treatment plani, and an effluent dispasai system. The location of the project relative
to various streefs and landmarks is shown on Plate 1 — Vicinity Map. The layout of the new
treatment plant, effiuent disposal systems, and pipeline nelwoark for the project is shown on
Plate 2a.

1.1 PIPELINE NETWORK

We understand that the pipeline network will consisi of approximately 4G miles of gravity
flow sewer pipe, and between 17,000 and 20,000 linear feet of sewer force main. The
approximate limits of the pipeline network are shown on Plate 2a - Cumulative Field Expioration
Plan.

We understand that #t is expecied that the pipeline will generaily be constructed using
conventional cut and cover fechniques for pipeline construction. We expect that jack and bore
technigues could be used to assist in the installation of the pipeline across the busier sireets
within the project fimits, such as Los Osos Valley Road and South Bay Boulevard. However, we
understand that n¢ constraints that could preciude the use of cut and cover techniques in ail
areas of the project have been identified at this time.

The pipeline is designed fo provide a minimum of 3 feet of s0il cover over the top of the
pipe on secondary roads, and 4 feet of soil cover over the pips in primary roads. However, it is
generally expected that the sewer will have an invert elevation of at least 5 feet below the
existing ground surface, The depth of sewer lines will likely vary over the site, and it is expected
that cuts of up 1o approximately 15 to 30 feet will be needed in some areas.

1.2 PUMP STATIONS

The MWH (2003a} plans show that seven primary pump stations are anticipatad within
the caollection system {o "ift" collected wastewater into the gravity collection system. In addition,
approximately 18 pocket type pump siations will be provided at various locations to help limit
french depths where the existing terrain is relatively low compared with adjacent areas. These
pump stations wili generally consis! of a wet well, vauit, soil filter, electrical supply, and standby
power building. MWH (2003a) plans show a typical wet welt as a buried cylindrical concrete
structure approximately 12 feet in diameter. The invert to of wells is typically 15 feet below the
existing ground surface; however, depths of up o 20 feei beiow the existing ground surface
could be needed in some areas. The anticipated pump station locations are shown on Piate 2a
— Cumulative Field Exploration Plan,

1-1
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Additionally, there will be approximately 20 smaller pocket pump staticns in various
areas of the site, primarily to serve residents on dead end streets near shoreline of Morro Bay
and north of Santa Ysabel Avenue, and low lying areas in the Mountain View-San Luis Avenue
area. The pocket pump stations wil! be approximately 10 feet in diameter and exiend to depths
of approximately 10 to 15 feet below the existing ground surface.

1.3 TRIWWASTEWATER TREATMENT PLANT

The treatment plant will generally consist of a new wastewater trealment plant designed
fo accept an estimated peak flow of 1.6-million gallons per day. The treatment plant will be
constructed at the Tri W site. The plant will inciude an cperations building, offices, a sepiage
receiving station, headworks, sofids processing, tertiary treatment and fiiter systems, aeration
basing, and clarifiers. The site drainage systems will include sedimentation, detention and
percolation ponds. The plant will be designed in association with creating a recreational facility
far the surrounding communities. Appurtenant improvements will generally consist of paved
access roads and parking areas, ulilities, retaining wails, a deg park, trails, and playfields. The
layout of the ireatment facility is shown on Plate 2b - Field Expioration Plan for Proposed ¥ W
Treatment Plant. Ao clin o py :

The main part of the treatment facility will be constructed in a cut. Site :;,lrevn'din&I e
include cuts and fills ta provide a relatively flat area for the proposed facility. The ground su A,
at the completed facility will ikely be approximately elevation (el.) 73 to 75 feet. Site grading will T 2
involve cuts and fills of approximately 10 feet with respect to the existing site grades. The
approximate finish grades are indicated on Plate 2b. An approximately 20-foot high earth
retention sysiem wall will be canstructed along east and south sides of the main facility. The
retention system is likely to be constructed of segmental masonry units (SMU) with supporting
geosynthetic reinforcement.

We understand that the operations buitding will be a single-story steel and concrete-
framed buiiding with slab-on-grade floors. The finished floor elevation will be approximately el
75 feet, approximately 1 to 2 feet above existing site grades,

We understand that the residuals building will be a two-story building of concrete- and
steel-framed consfruction with slab-on-grade floors. The finished floor elevation will be
approximately el. 74 feet, which is approximately 4 feet below existing site grades along the
east side of the building and approximately 1 foot above existing sie grades along the west side
of the building.

The treatment building wilt house the aeration basine and clarifiers and be censtructed of
reinforced concrete, The clarifiers will be approximately 50 feet in diameter, and will exiend to
approximately 6 to 10 feet below finish grades. The aeration basing will be housed in a partially
buried vaull type structure, approximately 220 feet long and 110 feet wide. The aeration basins
will be covered with earth to form a dog park, wilh the southern end of the basins construcied
completely below grade, and north end exposed into the main treatment piant facility.
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Qn-site drainage will consist of constructing 3.5 acres of ponds {o provide for sediment
removal, detention, and parcolation of storm water. The finish grading for the ponds is shown
an Plate 2b. The ponds will be excavaled to approximately S to 15 feet belew the existing
ground surface. Retaining walls, {urf, and erosion control systems will be constructed in
association with the ponds. The main percolation pond will serve dual use for playing fields.

1.4 EFFLUENT DISPOSAL SITES

A system of percolation Jines and drywelis will be used to dispose of the treated effluent
discharged from the treatment plant. The effluent will be pumped to the effluent disposal sites
via a pressured pipeline. Twelve polentiai disposat sites have been identified in MWH (2003a,
20G3c) to dispose of an average of 1.2 MGD of treated effluent. The primary effiuent dispesal
sites are Broderson, Santa Maria, Pismo, and Sea Pines. The remaining ses have been
deferred for future effluent disposal, if needed. The locations of the proposed effluent disposal
sites are shown on Plate 2a — Cumulative Field Exploration Plan.

A leach line generally consists of a buried line that consists of an. excavated irench,
gravel backfill, a perforated pipe laid level on top of the gravel to allow for effluent to be
distributed fo the trench, and a soil cover. A drywell generally consists of a vertically drilled
shaft, gravel backfill, a veriical perforated pipe to aiiow distribution of effluent into the weli, a
concrete surface seal, and a soil cover. The effluent sifes are listed in the table below, along
with type, estimated size, and capacity. The locations of the potential effluent disposal sites ate
shown on Plate 2a.

oo s o
Broderson Parcolation Lines 440,000 810,000
Santa Matia Avenue Drywelis 8,000 160 000
Fisma Streat Dirywedis £2,000 60,000
Sea Pines Ierigation: NA 30,000
Visla de Oro Parcoiation Lines 7.300 Deferred
horarch Grove School Exighing Lines 52,8000 Deferred
Pine Avenug Fergplation Lines 36,000 Deferred
Sroderson Avenue Percolation Linas 30,000 ' Defarredt
{ g5 Onos Middle Schoot Existing Lines 20,000 Defarrad
East El Moo Avenue Parcolation Lines 20,000 Creferred
East Ysabel Percolation Lines 20,000 Defarred
Soulh Bay Bouleuard Percoialion Lines 40,000 Defered
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2. SITE DESCRIPTION

The Los Osos Wastewater proiect is located in the unincorporated communities of Los
Osos, Baywood Park, and Cuesta-by-the-Sea in San Luis Obispo County, California. The site is
generally bounded by Morra Bay to the west and north, the Los Csos Valley to the east, and the
trish Hiils 1o the south. The location of the site and the limits of the proposed improvements are
shown an Plate 1 - Vicinity Map.

21 PIPELINE NETWORK

The tos Osos Wastewater pipeline network is generally located within existing County
streets and right-of-ways in the unincorporated communities of Los Osos, Baywood Park and
Cuesta-by-the-Sea. The site encompasses approximately 5 square miles of these communities.
The pipeline network is generally bound within the limits of the south shore of Morro Bay to the
north, South Bay Boulevard to the east, the Sea Pines Golf Course to the west, and Highland
Drive ta the south. The generai layout of the pipefine network is shown on Plaie 2a —
Cumuiative Field Exploration Plan.

The site has been developed predominanily as residential neighborfwoods, Associated
with these deveiopments are the downtown areas of Baywood, near the infersection of Sania
Maria Avenue and 2™ Strest, and Los Osos, along Los Osos Valley Road betwsen
approximately South Bay Boulevard and Doris Avenue. The downtewn areas suppor
commerciat and light industrial development that serves the surrounding communities.

Ejevations within the proposed pipeline network range from approximately sea level
atong the shoretine of Morro Bay, to approximately el. 200 feet at the southern end of the sile
near Highland Avenue, which bounds the Broderson infiliration basin sile. The existing site
grades can be divided into two general areas, which are the areas east and west of the
extension of Ferrell Avenue. Some topographic information is shown on Plate 1 - Vicinity Map
and Plates 2a and 2b.

West of Ferrell Avenue the existing topography generzlly siopes to the northwest
towards Morre Bay. The inclination of the existing topography between Highand Avenue and
Morrc Bay averages about 3 to 4 percent in this area. At the time of the Fugro (1897) field
exploration pregram, springs aleng some of the sireets that front Morro Bay were observed. An
open inlet to Morro Bay crosses the pipeline alignment on Doris Avenue between the
intersections of Lupine Street and Binscarth Road.

fast of Ferrell Avenue the existing topography generally consists of rofling sand hills,
which are bound by Morre Bay to the north, the Irish Hills to the South, and Los Osos Creek to
the east. The tops of the hills are generally jess than about ef. 100 {0 125 feet. At least two
depressions traverse the area east of Ferrell Avenue in a generally northwest-southeast
direction. The depressions are generally located along Pismo and Paso Robles Avenue, and
along Ramona Avenue. The hills in this area generally form dune shaped mounds that also
trend in a northwest-southeast direction, consistent with the direction of local prevailing winds.

2-1
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At the time of the Fugro (1997) field exploration program, springs along some of the streets that
front Morro Bay were observed.

2.2 PUMP STATIONS

Two pump stations are focated along the west side of the project area, near Morro Bay,
with the five pump statichs within the east side of the project area. The aresas for each pump
staticn are relatively small (about 6000 square feei). The areas for each pump station are
iocated in relatively clear lots covered with grass, low shrubs, and accasional trees. The pump
staticn sites are shown con Plate 2a.

23 TRIWWASTEWATER TREATMENT PLANT

The Tri Wwaslewster freatment piant site is Jocated northwest of the intersection of Los
Osos Valley Road and Palisades Avenue, belween Palisades Avenue and the planned
extension of Ravenna Avenue. The site is bordered by open fields 1o the north and west, Los
Osos Valley Road to the South, and Paiisades Avenue and the San Luis Obispo County Pubilic
Library to the east. The location of the Tri W sife is shown on Plate 2b —Field Exploration Plan
for Proposed Tri W Treatment Plant.

The site encompasses a reughly trapezoidal-shaped parcel of approximately 11-acres,
The site is presently undeveloped. Vegetation at the site generally consists of grass, iow shrubs
and areas of frees. The terrain in the site vicinity consisis of relatively low undulating sand hills.
Several eroded drainages pass through the site. The site elevations generally range from
approximately el. 104 feet near the southeastern corner of the site near the intersection of
Palisades Avenue and Los Osos Valley Road, to approximately el 70 feet near the
northwesiern end of the site. The existing ground surface generaily stopes downward to the
northwest at approximately 2 to 7 percent towards Morre Bay.

2.4 EFFLUENT DISPOSAL SITES

The primary effluent disposal sites are Broderson, Santa Maria, Pismo, and Sea Pings
{see Plate 2a). A summary of the existing site conditions at the various sites is presenied
below:

Broderson. The Broderson effluent disposal site is located on an undeveleped site
south of Highland Avenue, near its intersection with Broderson Avenue {see Plate 2d). The site
is within a relatively Jarge undeveloped area with vacant properties to the east, west, and south.
The Broderson sile encompasses a rectangular-shaped parcel of approximately 10-acres,
Vegetation at the site generally consists of high shrubs, some grasses and rows of frees. The
existing site topography generally consists of a norih-facing hifiside with sife elevations ranging
from approximately e, 220 feet aleng the northern boundary of the site, to approximately el. 260
feet along the southem boundary of the site. The existing site grades generally slepe downward
to the north at approximately 10 percent. Several eroded drainages, approximately 5 to 6 feet
deep, pass through the site in a ganerally north-south direction.

&
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Santa Maria Avenue. This site runs approximately 2,500 feet along Sania Maria
Avenue, between 13th Street and 18th Street. With the exception of west of 12th Sireet, the
site is predominantly an unpaved roadway. Residentia! dwellings, irees, and low shrubs are
adjacent to the roadway. The site is generally located near the ridge of a predominant stabifized
dizne in this area that extends to approximately el. 150 feet. The existing ground surface along
the roadway ranges from approximately el. 120 feet at the east end of the site to approximately
ei. 140 feel af the west end of the site.

Pismo Avenue, This site runs approximately 2,300 feet along Pisme Street, between
7th Street and 15th Street. This area is predominantly an unpaved road section and paper
streets with residential dweilings, trees, and low shrubs adjacent fo the strest. The existing site
topography consisis of undufating hills that range in elevation from approximately el. 79 feet
near the west end of the site to approximately el. 115 feet,

Sea Pines. This sile is the Sea Pines Resort and Goif Course. This site will generai]y
serve as a user of reclaimed water.

A series of effluent disposal sites that have been deferred for future use are the Vista de
Oro, Manarch Grove School, Pine-Broderson Avenues, Los Osos Middle Schoot, Ei Morro
Avenue, Santa Ysabel, and South Bay Boulevard sites (see Plate 2a).

< The Vista de Oro effluent disposal site is located on a 7,300-square-foot parcel of
land located northeast of the intersection of Montana Way and Los Osos Valley
Road. The site cumrently has community septic and leachline improvemenis. The
site is relatively level at an elevation of approximately 83 to 90 feet, and drops to an
elevation of approximately 82 feet at the southemn cormer.

L3

The Menarch Grove Schoot site consists of existing leach jines that can be converted
for use as effluent disposal. That site is an existing school located north of Los Osos
Vailey Road, between the streets of Dornis Avenue and Pecho Road.

% The Pine Avenue-Broderson sites are located along approximaiely 500 feet of Pine
Avenue and Broderson Avenue, between Los Osos Valley Road and Rosina Drive.

The Los Osos Middle School site consists of existing leach lines that can be
converted for use as effluent disposal. That sie is an existing school located east of
South Bay Boutevard, south of the interseciion with El Morre Street.

o:-.

X

The E! Morro site runs approximately 1,500 feet along the extension of El Morro
Avenue, east of South Bay Boulevard.

+ The East Ysabel site runs approximately 500 feet along the extension of Santa
Ysabel Avenue, east of the infersection with Scenic Way.

< The South: Bay Boulevard runs approximately 1,000 feet along the east side of South
Bay Boulevard, north of Santa Ysabei Avenue. The existing site fopography is
refatively fialt ai approximately el 8Dfeet, with a steep slope that rises to
approximately el. 105 feet at the northern end of the praposed effluent disposal knes.

2-3
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3. WORK PERFORMED
3.1 PURPOSE

The purpose of this report is to summarize available data at the site, perform
supplemeniary geotechnical investigations to evaluate the soill conditions ai the site, and to
prepare this Geotechnical Report for the design of the Los Osos Wastewater Project. On the
basis of our evaluation, we have provided geotechnical opinions and recommendations for the
design of the pipeline collection system, pump stations, wastewater treatment plant, and effiuent
disposal sites for the project.

3.2 SCOPE
A summary of the work presented in this report as the follows:

4 Collecting data from previous expiorations and laboratory testing programs and
reproducing as Attackments (Vol, 2);

3

b

Evaluating field and laboratory tesis, assessing and organizing data, and reviewing
the project objectives with MAH,;

% Performing a field expioraticn program censisting of;

Drilling 12 hollow stem auger borings {DH-401 through 412);

Advancing 13 cone penetration test soundings (CPT-401 through CPT-413);
Dritling 3 hand auger explorations (HA-401 through HA-403}),

Performing 9 double-ring infiltrometer tests;

Performing 31 percolation tesis;

¥ ¥ ¥ ¥ ¥ v

Constructing, testing, and monitoring a prototype percolation line and installing
three monitoring wells; and

» Constructing, testing, and monioring a prototype drywel and instafing two
monitoring wells

4+ Preparing this written repart with graphics. On the basis of the data available for the
site, we have provided our geotechnical opiniohs and recommendations regarding:

# Geologic conditions;

» Soif ang groundwater conditions encountered (groundwater elevation maps are
prepared based predominantly on Spring 1997 and Spring 1990 data);

¥ Expansive soils;

3-1
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Bedding, pipe zone backifif, trench backifill and seismic considerations for
pipelines

Thrust resistance from passive resistance and soil-pipe friction;
Backiili loading on nipes;
Moduius of soil reaction, E’;

Construction considerations for excavation, construction of temporary sfopes or
shoring systems, need for dewatering, and stabilization of subgrades 10 receive
fill or bedding;

Foundation design incleding allowakle bearing pressures for shallow foundations,
minimum foundation widths and depths, and the estimated total and differential
settlements for pump/Iift stations and treatment plant buildings,

Passive resistance and friction coefficient for resistance o lateral loads;
Lateral earth pressures for retaining wall and pump/iift station design,
Suitability of excavated materials for use as fil or backfii material;
Requirements for imported fill materials;

Application and percoiation rates based on results of field percolation and
prototype testing for effluent disposal sysiem,

Geotechnical considerations for trenchless tfechnology methods, such as
girectional drilling, microtunneling, and jacking and boring;

Potential for geologic hazards (for example, slope instability, Hguefaction,
faulting, seismic shaking, or subsidence) to impact the site according to the
requirements of the California Division of Mines and Geoclogy Note 48,

Site preparation, grading, and drainage;

Earthwork facters for on-site soil when excavated and replaced as compacted fill;
Fill placement and compaction requirements;

Design of cut and fill slopes and erosion control considerations;

Considerations for the design of the retention ponds such as depth fo
groundwater, soil permeability, and soit excavation characteristics;

Preparation and geotechnical considerations for slopes to receive liners;

Ground motion parameters for seismic design including causative faull(s),
maximum momeni magnitude, ground acceleration, soil profile type, and distance
from site for use with the building code, and including:
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» History of seismicity in the project region;

= Earthquake occurrence and the estimated probabilistic peak ground
accelerations having a 10 percent probability of being exceeded in a 50-
year and 100-year period;

»  Ground mation parameters for seismic design including causative fauli,
maximum moement magnitude, ground acceleration, soil prafile type, and
distance from site for use with the building code;

» Considerations for near field (short period) and far field {ong period)
earthquakes;

= Plotted response spectra (pseudo acceleration, dispiacement, and
velocity) for critical damping of 9.5, 2, 5 and 10 percent, and extrapolated
to a period of 15 seconds; and

¢ Seismic increment of active earth pressure.

% Pavement recommendations for parking lois and access roads based on traffic
indices (TI} provided to us; and

< Design of slab on grade.

Four copies of the report will be submitted. Field and laboratory data obtained from our
previous evaluation will be inciuded in the report. We may recommend that additional
exploration or evaluation be performed based on the resuits of the work performed,

3.3 PREVIOUS STUDIES

To assist in preparing this report we have reviewed preliminary geotechnical and
greundwater information (Fugro 1897, 1997, M&E, 1997; CFS 2000a, 2000b). Field and
laboratory data used in the preparation of this report is mainly based on previcus information
obtained for this study. The principal sources of material are summarized below:

<+ Fugro {1896) provided limited geotechnical engineering services for the Broderson
infitration site. Those services consisted of performing CPT soundings and
laboratory testing of samples from adjacent borings at the site as input to a
hydrogeologic stsdy and borings performed by M&E {1995, 1697), and preliminarily
evaiuating the potential for liquefaction at that site. The evaluation generafly
indicated that the potential for liquefaction appears to be relatively fow; with the
exception of relatively loose near-surface soils that were encountered and could be
susceptible 1o liguefaction in the event that the near-surface scils were saturated at
the time of an earthquake.

<+ The former Fugre environmental group assisted the County in evaluating the
environmental constraints for the project. A constraints study performed for the
wastewaier treatment plant is summarized in the Fugro {19956b) report.
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% Fugro (1987) performed a fieid exploration and laboratory testing program for the
project, and submitied a draft geolechnical report for the County’s design ¢of the
pipeline network, wastewater treatment plant iocated at the Pismo site, and the
Broderson infiliration basin. The design for that project was terminated following
submittal of the drafi report.

< Another study, perdormed for the County of San Luis Obispo concurrent with the
previcus sewer project was a drainage study performed by Engineering
Development Associates and the Morra Group (1987). Groundwater and geologic
information presented in that report was used to suppiement the information we
obtained for the site.

< CFS (2000a, 2000k} performed a field exploration and laberatory testing program: for
the Los Osos CSD for geotechnical characterization related to the Morro Shares site.
The initial study was submitted as a draft Geotechnical Report, and provided
recormmendations for the design ¢f a pond system that would have occupied
essentially the entire 100-acre Morro Shores site.  Suppiemental borings and
laboratory testing were then performed far the CSD 1o address the revised treatment
piant design at the Tri W site. The latter geotechnical program was terminated
before a report was prepared for the project.

Information from various published documents and maps were also used to assist in
preparing this report. Published information, and the studies indicated above, are referenced in
this report.

3.4 FIELD EXPLORATION

The gectechnical investigation for the project included programs of field exploration,
iaboratory festing, and engineering evajuation. Previous field exploration consisied of drilling
and sampling 55 hollow-stem-auger borings and 14 hand-auger borings; performing 99 electric
cone penetration test (CPT) soundings; excavating 7 trenches at the site, percelation tesiing,
prototype percolation line testing, and prototype drywel {esting. A supplemental field
exploration program consisted of holiow siem auger borings, CPT soundings, fieid percolation
testing, field double-ring infiltrometer testing, installing and testing a prototype dryweil and
prototype percolation line. Laboratory tests were performed on selected samples obtained from
the borings and trenches, Previous field and laboratory data obiained for the project are
presented in Volume 2 of this report. The locaticns of the previous and supplemental fieid tests
and explorations are shown on Plates 2a through 2d for the cumulative fiekd exploration
program, percolation testing, Tri-VW Treatmeni Plant Site, and the Broderson Effluent Disposal
Site, respectively.

3.4.1 Dbrilling

With the exceplion of B-1 drilled at the Tri-W site, the drilling subcontractor for the
project was S/G Driling Company of Lompoc, California. S/G used a CME7S5, truck-mounted
drill rig eguipped with 8 Y-inch hollow stem augers to advance the borings. Gregg Dridling and
Testing Inc. of Signal Hiii, California advanced one hollow stem auger boring {(B-1) using a
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track-mounted hollow stem auger rig equipped with 7-inck holiow stem auger. The hollow stem
auger borings were advanced to depths ranging from approximately 15 feet to 165 feet below
the existing ground surface.

The borings were sampled using an unlined 2-inch outside diameter standard
penetration test (SPT) split spoon sampler, and a 3-inch outside diameter modified California
split spoon sampler. The modified California sampler was used with brass liners. The split
spocn samplers were driven in {o the materials at the bottom of the drilt hole using a 140-pound
autormatic trip hammer with a 3C-inch drop. The blow count {N-valug) is the number of biows
from the hammer that were needed fo drive the sampler 1 foot, after the sampler had been
seated at least 8 inches into the material at the bottom of the hole. Bulk samples were collected
from the drill cuttings retrieved from the auger flights. The sample intervais, N-values, and a
description of the subsurface conditions encountered are presented on the logs of the borings in
the Voiume 2 attachments, and in Appendix A for the supplement drilling performed for the
current phase of work.

3.4.2 Cone Penetration Testing

Cone penetration test (CPT) soundings were advanced at the project sife by Fugro
Geosciences of Santa Fe Springs, California and Gregg In Situ inc. of Signal Hill, California.
fugre Geosciences perfarmed 85 of the 89 CPT scundings performed for the project. Gregg In
S#tu performed the remaining 14 CPT soundings. The CPT soundings were performed using
glectric cone penetrometers and piezocone penetrometers. The penetrometers were advanced
into the ground using a hydraulic ram mounted in a truck having a weight of approximately 20 to
25 tons. The cone and piezocene penefrometers have a diameier of approximately 1.7 inches,
Cone tip resistance {q;} and sieeve friction {{.) were recorded on the penetrometer during all
CPT soundings. The porewater pressure during penetration was measured behind the tip {u) in
piezocone solndings. Data was recorded at approximately 2 cm intervals using an on-board
computer to provide a near-continucus profile of the soil conditicns encouniered during
penetration. The friction ratio {FR) was computed for each value of ¢, and f; recorded, The
data was retrieved elsctronically for use in subsequent geotechnical analyses. CPT data and
s0il hehavior type classifications were used in conjunction with boring information to evaluate
the subsurface conditions encountered at the site, CPT soundings were advanced to depths
ranging from approximatety 15 feet to 69 faet below the ground surface. Plots of CPT sounding
data are presented in the Volume 2 attachments, and with the boring log data in Appendix A for
the supplemeniat field exploration performed for the current phase of work.

3.4.3 Hand Auger Borings

The hand auger borings for this project were performed by a field engineer using a3 to 4
inch, cutside diameter, hand auger. The hand auger borings were drilled 1o depths ranging from
approximately 5 to 32 feet below the existing ground surface. Hand auger borihgs were
performed to supplement sof daia obtained from the drilling and CPT soundings, install
menitoring wells, and locate the groundwaler depth at various locations. The sampie intervails
and a description of the subsurface pcnditions encountered are presented on the logs of the
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borings in the Volume 2 attachments, and in Appendix A for the supplement drilling perforrhed
for the current phase of work.

3.4.4 Backhoe Trenches

Ed’s Excavating of Los Osos, California performed the backhoe trenches for this project.
The excavation subcontractor used a rubber-tired backhoe with a 3-foot bucket to excavate the
test trenches to depths ranging from approximately & to 16 feet deep and approximately 12 feet
long. Backhoe trench T-106 was excavated {0 approximately 25 feet long. The excavations
were performed under the observation of a siaff engineer of Fugro, who prepared logs of the
s0il conditions encountered and obtained sail samples for laboratory observation and testing.
The backhoe trenches were excavated uniif excessive caving anhd sloughing was obsefved,
then backfilled with native material. The backfill was compacted with the backhoe bucket up to
5 feet below finish grade., A hand compactor was thenh used to compact the backfil io finish
grade.

Bulk and grab samples were colflected during the course of the trench excavations by
{aking samples obtained from the excavated cuitings and trench side walis. The buik samples
were selected for classification and testing purposes and represent a mixture of soils within the
noted depths. Recovered samples were bagged and returned to the laboratory for further
classification and testing.

3.5 LABORATORY TESTING

Laboratory tests for unit weighi, moisture content, grain size distribution, Atterberg
(plasticity) limits, compaction characteristics, consolidafion properties, sand equivaient {SE),
hydraulic conductivity, direct shear strength, R-value, and corrosion potential were performed as
part of this program. Health Sciences Associates of Las Alamiias, California performed the
cotrosion tests. The tests were performed in generai accordance with the applicable standards
of ASTM. Laboraiory test resuits from previous studies are presented in the Volume 2
attachments to this report. Supplemental [aboratory data that was obiained during the current
phase of work are presented in Appendix B.
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3.6 PROTOTYPE TESTING FOR EFFLUENT DiSPOSAL SYSTEM
3.6.1 Percolation Testing

Percolation festing was performed by Fugro at proposed effluent disposat sites during
the period of January 1 through Maych 25, 2003. The approximate locations of percalation tests
and effiuent disposal sites are shown on Plate 2¢. The results of the laboratory tests performed
an soil samples cbtained from percolation test locations are presented in Appendix B. The
resulis are generally typical of well-drained, sandy soll with percolation rates predominantly
faster than 1 minute per inch. A summary of the field percclation test data is also presented
below.

Summary of Percolation Testing for Effluent Disposal Sites

Parmeabity ‘Percolation Rafe
No. Location Soit Type % Fines x 0.001 cmvsac | for 12" squ. Hele
H= horizontal iminJin)

Santa Marla Avenue, 72

P-1 feei east of 17" Street Sand {SP) - 84 0.73
Santa Miaria Avenue, 140

P2 | foet west of 18" Street Sand (8F) | " 0.44
Santa Maria Avenue, 172

P3| fest westof 15" Syrper | > 57 | - - 043
Sania Marla Avenue, 75

P4 foet past of 13111 Sireat Sand (8P — - Q.35
18" Street, 85 feet north

P51 of Bt Moo Avenue Sand (5P} - - 028
18™ Street, 265 faet north

P8 1 of B Morfro Avenus Sand (5P} 0.5 - .26
18* Street, 455 north of

P7 El Morro Avenue Sand (5P — iis] 0.55
intersection of 18™ Street

P2 | and Sants Maria Avenwe | Do 5P - - 0.3
South Bay Boulevard,

P8 | 65 north of San Ysabel Sand (5P) - _ 1.4
AVanug
South Bay Boulevard,

P10 | 350 feet nonth of San Sand {5P) 8.5 - g.22
Ysabei Avente
South Bay Soulevard. :

P11 | 650 feet norh of San Sand (5P - - 92
¥aabel Avenue
South Bay Boulevard,

F-12 | 950 feet north of San SBand (5P) - 54 a3z
Ysabel Avenue
Pizmo Avenue, 110 feet

P13 | oast of 14" Street Sand {3F) - - 0.38

3-7
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Psrmeabliity Percofation Rate
No. iocation Soil Type % FinBs x 0.001 emisae  § for 12" squ. Hole
H= horizantal - -{min.én)
Pismo Avenue, 150 feet
P14 | east of 12 Street Sand (SP) 1 - 0.30
Pismo Avenue, 85 fest =
P15 1 west of 14" Street Sand (SF) - 237
Pismo Avente foot path,
P-16 55 feat east of th Strast Sand (S} - 948 044
Pine Avenue, 100 feet
P37 | south of Rosina Drive Sand (5P Le 4.4 082
Plne Avenue, 390 faet
P-18 | north of Los Osos Valley Sand {5P) - - 0.42
Road
Pine Avenue, 250 feet
218 | north of Los Osos Valiey Sand {SP} - - 0.43
Road
Pine Avenue, 45 feat
P20 | north of Los Osos Valley Sand (3P) - - 0.50
Road
Santa Ysabel Avenus, 40 N B
221 fest east of S ic iy Sand (SF) 0.22
Santz Ysabel Avenus,
P22 | 170 feet east of Scenic Sand (SF) - - 0.29
Way
Santa Ysabel Avenue,
£-23 | 300 fest 2ast of Scenic Sand (8P - 8.4 .42
Wy
Santa Ysabel Avenue,
224 | 430 feet sast of Scanic Sand (5F) .9 - 0.36
Way
Norhweast corner of
P25 | B erson olte Sand (SP} - - 0.75 \
Southwest comer of l
P26 Broderson site Sand (SF} - 3.3 1.5 |
Southeast portion of .
P-27 Brodersorn site Sand (SF} — 075
MNortheast comer of
P28 Broderson site Sand (SF} 2 - 0.78
West end of Prototype
-4 | Percolation Line at Sand with silt {SP-Sh} - 6.2 G063 !
Broderson site
Middle of Prototype
t-2 { Percolation Lina at Sand {SP} - 6.4 073
Brodarson gite
Ezst end of Prototype
-2 | Percolation Line at Sand with silt {SP-5M} 2 - 0.78
Broderson site
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Parmeability Percolation Rate

No. Location Soil Type % Fines x .09Y cmisec for 12" squ, Hole
H= horirontas {min.fin}

FPL | Prototype Percolation _ _

#5-1 ] Line at Broderson Site Sand {SF) H) 7.4

FRL | Prototype Percolaticn Sand {SP) _ (H} =85 _

#34 | Line at Broderson Site

As suggested in Resaolution No. 83-12 from the California Regional Water Quality | |
Control Board Central Coast Region (the Basin Pian}, percclation fests were conducted in k
generai accordance with procedures outlined in Guidelines for Evapotranspiration Systems 1}
(State Water Resources Control Board £980)0 Circular 8-inch diameter test holes were | |
excavated by hand to depths of approximately 5 feet below the adjacent ground surface. A J
hand driven or grab sample was typically cbtained over the depth interval from 4-1/2 to § feet
and preserved for subsequent taboratory iesting. Laboratory testing consisling of sieve
anaiysis, fines content, and falling head permeability was performed on selected sampies
obtained from the perc test holes.

After the final depth was reached, a 6-inch diameter PVC casing was inserfed fo the
bottom of the perc test hole. The jower 1-pot of the casing was perforated to aliow percolation,
and wrapped with filter fabric to prevent soil migration into the casing. Approximately 2 inches
of ¥%-inch gravel was placed at the bottem of the hele to prevent scour while water was added to
the test hole. A ball float connected to a 7-foot long rod was then placed in the hole o allow for
water measurement readings. Water was added fo the hole to a level of 1 foot above the gravel
layer and allowed to percolate into the soif to presoak the test hole. This initial 1-foot of water
then percolated into the soit prior to actual timed testing. Since water drained from the hole in
less than 10 minutes during presoaking, a longer prescak was unnecessary and percolation
testing was inifiated.

Waier was then added to the hole until a water level of 5 inches above the gravel layer

was observed. The time for the water fevel in the hole to drop approximately 2 inches was

: measured and recorded. After each 2-inch drop in water level, water was added to the six-inch

; ievel and the test was repeated. The field percolation rate was estimated as the the time it took

far the drop to ocecur (in minuies) over the drop in the water level over during that period

{inches). The resuliing percolation rate is expressed in minutes per inch. Testing was

conciuded when the percolation rates varied by less than 10 percent for 3 consecutive readings.

A Ryon factor of 1.66 times the field percolation rate was used o conver the measured rate o

an equivaient percolation rate for a 12-inch square test hole. Upon compietion of percolation
" testing, the casing was removed and the hole was backhiled with the excavated materiais.

3.6.2 Double Ring Infiitrometer Testing

Boubie ring infiltrometer testing was performed by Fugro at the proposed wastewater
treatment plant site and the Sea Pines Golf Resort during the period of September 22 threugh
October 16, 2003. Testing was performed at the proposed wastewater treatment plant site to
assess the infiltration rates at the site and provide geotechnical input to the design of the multi-
use area. Testing was performed at the Sea Pines Golf Resort to provide a comparafive
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baseline to assess the influence of landscaping turf on infiltration rates. Except for the presence
of landscaped turf at the Sea Pines Golf Resort, both sites have similar sod conditions.
Percolation tests were performed at each double ring infiltration test location. The approximate
locations of double ring inflitrometer and percolation tests are shown on Plate 2¢. Permeability
and grain size distribution tests were performed on selected samples obtained from each double

ring infiltrometer test location.

Summary of Double-Ring infiltrometer — Percolation Testing

A summary of the field double ring infiltrometer ("DR" test
nurabers} and corresponding perc test (*P” test numbers} data is presented below.

‘Permeability o
Depth . Soll Type at % x D.001 ‘Percolation Rate |
No. (feet) Location Depth of Test | Fines crsec ¢min.fing
Preposed Wastewster
Treatment Plant, 270 feel west Sand with $ilt
DR-3e ! of Paiisades Rd., and 150 feet | (SP-SM) - - 68
north of LOVR
P-3WH 5 same as DR-3WH Sang {SP) 5 - 0.57
Proposed Wastawater
Treatrnent Ptant, 500 feel west ] _ .
DR-3W2 0.5 of Pailisades Rd., and 150 feet Silty SAND (SM) 9
porth of LOVR
OR- 1.5 same as DR-3VE Sand (SP) - - 2.9
nn2a ’ i
P 5 same as DR-3WR Sand ($P) 5 9.7 0.365
Proposed Wastawater
Treatment Plant, 550 feet was|
DR-3W3 2 of Paiisadas Rd., and 250 feet | —ond (EP) - - 39
north of LOVR
P.3wns 5 same as DR-3W3 Sand (8P} 0s 112 0.44
Saa Pinas Golf Rasort, 250
DR-5P1 il feel nonth of Skyline Dy, and Lug :;E{!;:Psiﬂ} - - 12
551} feed west of Solano St .
same as DR-SP1 with turf Sand with st
DR-SP1A 0.8 reem (SPaﬁM} - - 20
P-5P1 5 same as DR-5P1 Sand (5P) 1 2.5 0.40
Sea Pines Golf Resort, 160
feei west and 200 feet south of Turf over sang
DR-8P2 0 the terminus of Howard Ave into | with silt (SP-SM) B B 8.0
Sea Plnes,
same as DR-SP2 with turf
DR-BP24 0.8 e Sand ($P) - - 6.0
PSP2 5 same as DR-SP2 Sand {$P) 3 5.4 0.22
Ses Pines Goif Resort, 40feel | T over zandy
DR-GP3 0 notth of the irdersection of organic SILT - - 3%
Howard Ave angd Fumbaolt St... {OH)
same as DR-5P3 with turf
DR-5P3A 06 removed Sand (8P - - a5
PSP3 5 same as DR-SP3 Sand (SP) 05 - 0.39

Nole 1} Percoiation rates for percolation lesls {designated by P-XXX} have been caicudated for a 12" square haole.
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Double-ring infiltrometer tests were performed in general accordance with ASTM D
3385-94, Standard Test Method for infiltration Rate of Soils in Field Using Double-Ring
Infiltrometer. A general descripfion of the procedure followed is provided below.

Double-ring infiltrometer tests were performed at the proposed wastewater treatment
plant site in the area designated as multi-use, Prior to festing, loose topsoil was removed from
the greund surface to depths ranging from 10 inches to 18 inches below the ground surface.
The bottom of the excavation was cut 1o a level grade in undisturbed soil with a square-tip
shovel. A 24-inch inner diameter steel ring was driven to 6 inches below the adjacent ground
surface with an 8-pound hammer. A 12-inch inner diameter sieel ring was placed in the center
of the 24-inch ring, and driven 3 inches info the ground with the hammer. Seil disturbed during
ring advancement was carefully tamped to a firm consistency.

A water-illed reservair and associated tubing was used to convey water into each of the
rings. The rings were filied with water to a depth of 2 inches above the ground surface. Water
levels within the rings were maintained at a height of twe inches above the ground surface by
manually centroliing the fiow info each ring. Time readings were recorded as known volumes of
water were introduced into each ring. Tests were continued until a relatively constant flow rate
was obtained within the inner ring. Percolation rales provided in the iable above were
calcuiated based on the relatively consiant fiow rate obtained during each test. After completion
of the double-ring infiltrometer test, the rings were removed and a percolation test was
performed using the procedures described in this report at a depth of § feet below the location
of the double-ring infiirometer test. The excavation was backfilled with excavated materials
after compietion of the perc test.

Double-ring infilirometer {ests were performed at the Sea Pines Golf Resort to provide a
comparative baseline to assess the influence of landscaping turf on infiltration rates. At the Golf
Resort, two double-ring infiltromeier tests were performed at each testing location. The first test
was performed at the ground surface through the existing turf using the same procedure
described above, After completion of the first tesi, the rings were removed, the turf was
removed from the test location, and a circular pit was excavated neatly to a depth of 7 inches
below the ground surface into undisiurbed soif. The bottom of the excavation was cuf to a level
grade with a square-tip shovel, A second double-ring infilirometer test was then periormed with
the excavation and below the turf that was removed.

After compietion of the second double-ring infiltrometer test, the rings were removed and
a percoiation test was conducted. Percolation tests were performed at a depth of 5 feet below
grade at the test iocation. The excavation was backfilled with excavaled materials after
completion of the testing. The turf was replaced over the excavation and the testing location
was resiored.

3.6.3 Prototype Percolation Line

A prototype percolation line was installed and tested near the north end of the Broderson
site on February 28, 2003. The location of the prototype percolation test line and previous
prototype iest siies performed by Melcalf & Eddy (1996a} are shown on Plate 2d. The
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subcontractor used to install the test fine was Ed's Excavating of Los Osos, California. Ed's
Excavaiing installed and provided materials for the prototype percolation fest line. The Moo
Group observed the work for compliance with environmenial permits, cleared areas in advance
of the work, and provided biological monitoring. Fugro cbserved and documented the
installation, and obtained soil samples for laboratory testing. Perc testing and soil samples were
chtained from the test line location in advance of the installation as described in the previous
section of this report.

3.6.3.1 Line Instaliation

Details of the prototype percolation line showing the fayout, typical profile, and typical
trench section are presenied on Plaie 3a. The test line was approximately 50 feet long, 3 feet
wide, with 3 feet of gravel below the distribution pipe. Ed's Excavating used a New Holland
655E rubber-tired backhoe eguipped with a 36 - inch bucket to perform the excavation. Gravel
consisting of 1-1/2-inch crushed stone was obtained from Windsor Sand and Gravel, and hauled
to the site in a dump truck. A Cat 926 front-end loader was used to transport gravel fram the
streei to the test site, and backfiii the pratolype percolation line with the gravel. Pipe used in
construction of the test line consisted of 4-inch PVC sewer line, ASTM D3034, with 3/8-inch
diameter perforations.

A sieve analysis perfarmed on a sample of the gavel is presented in Appendix B, Based
on those results, the gravel was predominantly 1-1/2 minus by 34-inch plus crushed stone with
approximately 1 percent fines (particles smaller than C.078& millimeters). Some rock dust and
sand sized material was observed within the crushed gravel during placement.

The trench was excavated in dune sand deposits to a relatively level grade at a depth of
approximately 5 1o 7 feet beiow the ground surface. The trench excavation and gravel
placement was performed in about 10-foot fong segments to avoid caving of the sidewalis.
Essentially no caving or sioughing of the sidewalis was observed during the consiruction of the
test line.

Verticzal observation ports (designated OP on Plaie 3a) constructed of 4-inch-diameter
perforated pipe were placed within the gravel at approximately 10-foot horizontal intervals along
the trench. The observation pofis extended from the ground surface to the bottom of the trench.
A solid riser and cap were added {o secure the ¢hservation ports, and allow for observation of
the water level in the trench during subsequent testing.

The 4-inch PV distribution pipe was iaid level over the gravet with perforations facing
downward, Three inletfobservation ports were placed within the distribution pipe. An additional
1-foot of gravel was then placed over the gravel and distribiiion pipe. A geotextiie was then
piaced over the top of the gravel, and about 2 feet of on-sile soil backfill was placed over the
geotextile to finish grade.
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3.6.3.2 Monitoring Wells

Four monitoring wells (MW-1 through MW-4) were installed adiacent to the test trench,
see Plates 2d and 3a. MW-1 and MW-2 were installed in 4-inch diameter hand auger horings
extending to approximaitely 32 fest below the existing ground surface. MW-1 was instailed
immediately adjacent to and near the midpoint of the iest line on downhill side. MW-2 was
installed approximately 10 feet downslope of MW-1. A series of 3 piezometers constructed of
%-inch PVC pipe were instalied in each boring. The piezometers had a 8-inch perforated
section coverad with filter fabric. The piezometers were installed to depths of approximately 10
feat, 20 feet and 32 feet below the existing ground surface based con review of the CPT-8 iog
(Fugro 1996). The piezometers were packed in native dune sand. A 2-foot thick cement grout
seal was provided above each piezometer depth.

MW-3 and MW-4 were installed in 4-inch diameter hand auger berings extending to
approximately 10 feet below the existing ground surface. MW-3 and MW-4 were constructed as
piezometers with the boftom 12 to 18-inch section of the pipe perforated and covered with filter
fabric. The piezometers were installed 16 feet and 250 feet downsiope of the east end of the
tesi ine. The piezomeiers were packed in native dune sand.

- 3.6.3.3 Protofype Percolation Line Testing

The protolype testing was performed during the peried of March 19 through April 25,
2003. Water for testing was obtained from Cal Cities Water using a metered hydrant on
Highland Avenue adiacent to the site. Water was conveyed io the test sife via plastic pipe,
metered at the point of discharge into the prototype leachiine, and maintained at a relatively
constant rate during varicus testing infervais. Prior {o festing, the line was flushed with water to
attempt to wash sand and silt from the gravel, and allow fines to seitle to the bottom of the
trench. During testing the flow rate into the iest line ranged from 1.1 to 29 gaiions per minue.
A total of approximately 1,000,000 gallons of water was discharged into the test trench over a
pericd of 37 days.

The application rate of the water was evaiuated by incrementally ixcreasing the flow raie
inta the french. The fiow rate (Q) at 2ach increment was maintained unill water levels in the
trench or monitoring wells stabilized to a constant level. The rate was increased incrementally
until the application rate exceeded the maximum infiitration capacity of the french at
approximatefy 28 gom. The maximum infiltration capacity of the trench was characterized by a
constant and sudden rise in the water level in the observation ports at that rate. The water flow
into the irench was then reduced fo prevent the water frem overflowing ihe trench. The net
infiltration rate of the trench was estimated as the discharge into the trench divided by the
gstimated wetted surface area of the trench, expressed in gallons per day per square foot of
trench (gpdAtY). A summary of the test results is presented in the table below:
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Prototype Percolation Line Resulis

: High High High
Flow ot Water | Water | Water Net
Duration Depth Bepth Depth Infiitration
Trench, | “ryave) "?E‘x MWV | inMWE | inMW2 Rate Comment
( 9 ) (InJ ’ at1o° at 20 at 207, (o=t
g ) £l (.} fin.}
_ . Flushed line prior to
% ¥ 0 G K - testing

i1 % v 0 Y o 53

3.2 1 b o v} ] 158 VWater in OP1 ony.

6.0 3 3 o o o 128 Whater in OP and OF2
only

a1 g 2y, 2 18 o '157 \vater in OP1 and OF2
Bhiy
Water being distribuled
inte distribution fine at ali

9.1 i 2 o 0 T 87 3 lncations. Water i OP1
ard OFS5 only.
Terminated dug vising
water jevel, Water in alt

20 1 hour 11 &3 33 63 188 0. Water passed
through MW and OF over
24 hours.

6 3 45 25 23 2% 178 Water in OF through 4

24 9 8 30 43 KE:| 160 Water in OP1 theowgh 4

A plot of the results in terms of the average head of water over the wetted poriion of the
trench versus the net infiltration rate over the wetted portion of the trench is presented on Plate
4a. The maximum infiltration rate obtained from the test is approximately 180 gpd/ftt. The
values are piotied to plus or minus 25 gpdAt®, Above approximately 180 gpd/ft®, the water jevel
in the test trench is expected to rise and overwhelm the available surface area of the trench.
The tests do not include potential influences asscciated with biclogical fowling or clogging of the
gravet that could be associated with long term use of the trench.

Mounding of water below the percolation line trench was observed in MW-1 at depths of
10 feet and 20 feet below the existing ground surface, and in MW-2 at a depth of 20 feet. No
water was chserved during testing in MW-1 at 32 feet, or MW-2 at 10 feet and 32 feet below tha
existing ground surface. The mounding observed in MW-1 at 10 and 20 feet, initiated at a flow
rate of approximately 9 gpm. However, no water was observed in the MW-1 piezometers when
the flow was directed to 3 points within the distribution #ine (in the middle, and at each end of the
line) instead of the 1 point at the east end of the line. Redirecting the fiow to 3 points effectively
reduced the application rate in the trench from approximately 187 to 87 gpd/ft®. Mounding was
ohserved in MW-2 at 20 feet, at the 29 gpm flow rate increment, which appears to have
exceeded the infiltration capacity ¢f the rench. Mounding subsequently continued when the
flow rate was reduced to 16 and 24 gpm.
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3.6.4 Drywell Testing

A prototype drywell was installed and tested near the intersection of Santa Maria Avenue
and 18" Streetl. The jocation of the prototype dryweli is shown on Plate 2a. Previous profotype
drywell test sites performed by Metcalf & Eddy (1996a, 1906b) are shown on Plate 2d. The
subcontractor for the drywell construction was Tri Valley Drifling of Ventura, California. The
Morre Group cbserved the work for compliance with environmental permits and cleared areas in
advance of the work. Fugro assisied in the installation, observed and documented the drywell
constrisction, and obtained soil sampies for |aboratory testing. Mr. Kevin Kai (MWH) also
chserved the installation of the prototype drywe#. Cone penetration testing was performed at
the site pricr to ihe drywel instaliation, and is presented with the other CPT data in Appendix A.
Hydroprobe casings were installed in drill holes advanced approximately 11 feet and 53 feet
downsilope from the drywell subsequent to the drywetlt installation. The beorings were logged and
sampied prior 10 ingtalling hydroprobe monitoring casings.

31.6.4.1 Drywell Installation

Tri Valley used a Caldwell 75 drill rig equipped with a2 3-foot diameter bucket auger to
dsif the hole for the drywell’s consiruction, The hole was drilled to approximately 26 feei below
the existing ground surface, and then reamed io 4 feet in diameter to0 approximately 23 feet
below the exisiing ground surface. A G-inch diameier pipe with 0.08-inch sleis was then
lowered into the center of the drilled hole 1o serve as a water injection point. Gravei, 3/8-inch
size, was supplied by Hansen’s Agaregate of Morrc Bay. The gravel was placed in the hole fo
approximately 5 feet below the graund surface from the chute of a concrete redi-mix truck. A
layer of visqueen was then placed over the top of the gravel, and a b-faot thick concrete surface
seal was placed over the visqueen to the ground surface.,

A detail of the prototype dryweli is presented on Plate 3b. A log of the drill hole {DW-1)
is presented in Appendix A. Approximaltely i-fool of relatively dense aggregaie base with
pieces of asphalt and concrete rubbie was encountered in DW-1.  The undetlying materiai
consisted of dune sand to the maximum depth of the drywell, approximately 26 feet below the
existing ground surface. The dune sand consisted of sand with silt {(SP-SM) and sand (SP). No
caving or sloughing of the sidewalls was observed during the construction of the drywell.

A vertical observation port {designated OP on Plate 3b) constructed of 2-inch diameter
slotted PVC pipe was placed in the drill hole. The observation port extended from the bottom of
the drywell to the ground sizface. The cbservation port was pushed to the edge of the drywei
during the piacement of the gravel. The abservation port allowed for monitoring of the water
level in the drywell during subsequent testing. A 2-inch tee was connected {o the B-inch
diameter pipe that was connected {o the water source.

Hydroprobe Instaliation. Two hydroprobe casings were instalied (HP-1 and HP2) {0
assist with monitoring the drywell testing. The hydroprobe casings were located approximately
11 feet and 53 feet down slope from the drywell (DW-1}. The hydroprobe casings were instalied
in 8-inch diameter hoillow stem auger borings drilled to depths of appraximately 50 feet below
the existing ground surface.
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The drilling subcontractor for the drilling and casing installation was 5/G Drilling
Company of Lompoc, California. The borings were advanced using a CME 75 truck-mounted
drili rig equipped with B-inch heliow stem augers. The borings were sampled at 5—foot intervais
using standard penetration iest (SPT) and modified California split spoon samplers as
previously discussed in Section 3.4.3 of this report. Fugro logged the borings, oblained soil
samples, and documented the hydroprobe casing installation. lLogs of the borings (HP-1 and
HP-2} are presented in appendix A,

The hydroprobe casings consisted of 2-3/8 inch outside diameter schedule 40 coid roiled
steel pipe. The 50-foot casing consisied of 3 sections of pipe {lwo 21-foot sections and cne 8-
foct section) joined fogether with threaded couplings. The casing was capped on the boftom
and lowered into the boring subsequent to the completion of drilling. Native sand from the
horing was backfilied through the hollow stem augers and compacted i approximately 1 to 2
foot lifts using the augers. A 1.5-foot thick concrete surface seal was piaced at the tfop of the
borehole.

The seoif moisture conditions were maonitored using a CPN 503 DR Hydroprobe. The
hydroprobe is a poriable radicaciive source (50mCi Americium-241-beryllium) that is iowered
into the casing and measures hydrogen content {water content) of the surrounding seil at
selected depths. The hydroprobe source emits fast neutrons that have the same mass as the
hydrogen atoms in water. The fast neutrons collide with the hydrogen atoms in the water and
are slowed down and rebounded back to and detected/measured by the probe. The probe is
connected to a cable that is attached to a recording device that displays and stores the data at
the surface.

Soil moisture conditions were recorded prior to, and during drywell testing. Soil moisture
conditions were monitored and recorded during the dryweil testing.  Soil moisture conditions
were monitored at 2-foot intervals from 1-foot fc 49 feet below the existing ground surface. A
summary of the hydroprobe readings and plots of the seil meisiure conditions versus depth are
nresented on Plates 4d and 4e.

3.6.4.2 Monitoring Wells

An existing monitoring well (30S/11E-8mb) was previously installed by Cleath &
Associates af the north end of 18" Street, approximately 230 feet down slope of the profotype
drywell. The boring for the monitaring well is reperied to have been drifled to a depth of 75 feet
below the existing ground surface. The monitering well was constructed to 47 feet below the
existing ground surface. The depth 1o water prior to the drywell testing was measured at 42.5
feet below the existing ground surface on October 6, 2003. The water depth in the menitoring
well was measured and recorded during the drywell testing. The water depth varied between 37
feet and 42 feet below the existing ground surface during the drywell testing.

3.6.4.3 Prototype Drywell Testing

The prototype drywell testing was performed during the period of October 6 through
November 20, 2003, The test results are summarized on Plates 4b and 4¢. Water for the
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testing was obtained from Los Osos Community Service District using a metered hydrant on
Santa Maria Avenue at 18" Street. Water was conveyed to the test site via a 2-inch diameter
PVC pipe, , and maintained at a relatively constant rate during various testing intervals.

A total of approximately 654,800 cubic feet (4,898,000 gallons) of water was discharged
into the drywell over a period of 45 days. Water was initially disCharged inio the drywell at
approximaiely 53 gpm and then increased to approximately 110 gpm. The flow rate (Q} at each
increment was maintained until the water levels and soil moisture condiions in the dryweli and
hydroprobe casings stabilized. The water level in the Cieath monitering wel continued 1o rise
during the testing, but appeared to have stabilized during the last week of the drywell testing.

After the test stabilized at 110 gpm the water to the welt was turned off, the water in the
well was allowed to completely percolate into the ground, and the water level was then restored
by discharging water back info the well. The cycling was performed 4 times in one day, allowing
the well to go completely dry during each cycle. The cycling was performed fo simulate on and
off cycles that drywells will likely experience during the operation of the effluent disposal system.
We used the cycling to evaluate the potentiai for the in-situ dune sand to migrate into the gravel
in the well. The application rate of 110 gpm was again allowed 1o stabilize. The well was cycled
a total of 10 times using 4 on and off intervals for each cycle. The water fevel in the drywel
fypically increased above the initial water depth in the drywell when the flow rate was restored.

After October 31,2003, the flow rate inte the drywell was kept below 56 gallons per
minute {(gpm} at the request of the District due to reduced reservoir storage levels that they were
observing in the area of the testing. Water was observed ieaking from the base of the fire
hydrant on November 4, The testing was suspended between the November 4 and 7, 2003
while the district repaired the leak. The net infilfration rate of the welf was estimated as the fotal
volume of water discharged into the well per day divided by the wetted surface area of the well,
expressed in galfons per day per square oot of weil (gpd/ft?). A summary of the test resufis
foliows:

Summary of Prototype Drywel! Testing

Dizcharge Water Nat
Rate into Duration Depth In infilration
Drywed! (days} drywel Rate Commant
{gpm} {f} (P}
o NA ¢ Start of test
53 1.9 195 570
116 B.1 163 1330
112 13 122 045 After 1* gycie of drywell
111 1.9 9.2 300 Ater 2 cycle of gryweit
After 3™ cycle of dryweil,
48 a0 15.8 E27 After reducing Q ta ~50
gpm at request of LOCSD.
Whater turned off for 2 days
¢ 3.0 ¢ na to repair leak in fire hydrant.
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Discharge | . Water Net
o | Dusion | Db | WSO | ommon
[ggpm) {fE) {gpd/is’}
44 2.0 16.8 565 After 47 cydie of deywet.
47 085 5.5 521 ARer 5" cydie of driywall
41 5.4 17.0 530 After 8% gycle of drywett.
48 31 15.8 554 After 7" cycle of drywet.
55 0oy 14.0 531 After 8™ cycle of drywe.
48 1.0 8.0 515 After 8" cyete of drywel,
" 0.5 150 €20 After 107 cycie of drywelt.
£nd of drywell testing.

Piots summarizing the drywell testing, cydic testing, and hydroprobe readings for HP-1
and HP-2 are presented on Plates 4b, 4c, 4d, and 4e, respectively, The initial application rates
for the drywell tests ranged between 800 and 1,330 gpd/¥ over the wetted area of the drywell,
with corresponding water depths in the drywell ranging befween 6.5 and 16 feet above the
bottom of the drywell. After cycling the drywell four times on 4 different days the application rate
stabilized at approximately 515 to 585 gpd/fi° with water depths of 9 to 12 feet above the bottomn
of the drywell.

Mounding of water down slope of the drywell was infeired in HP-1 at approximately 17 to
23 feet below the existing ground surface. The water depth in HP-1 stabilized at approximately
21 feet below the existing ground surface. Mounding water was inferred in HP-2 at 42 1o 48 feet
below the existing ground swrface. The water depth in HP-2 siabilized at approximately 46 feet
below the existing ground swface. The waler depth in the Cleath moniioring well lecated

~ approximately 230 feet north of the drywell rose from approximately 42.5 feet to 37 feet below

the existing ground surface while pumping water info the drywell at approximately 11C gpm.
After reducing the flow into the weil {0 approximately 45 to 55 gpm, the water depth in the
maonitoring well stabilized at 38 feet below the existing ground surface,

During cycling of the drywell, the 2-inch observation port that was pushed ta the side of
the drywell during the gravel placement sanded in to approximately 20 feet below the existing
ground susface. No evidence of sand migrating tc the center 6-inch diameter PVC injection pipe
was observed during the cycling of the well. No evidence of ground subsidence was cbserved
around the drywel,

3.6.5 Previous Prototype Test Resuits

Prototype drywell and percolation ponds were constructed and tested at the Brodersan
site by Metcalf & Eddy (1998a, 1996k, 1897). Fugro {1996a) assisted in the siie
characterization and laboratory testing for that siudy. We reviewed the results of the previous
prototype testing to compare the infiltration rates reported by M&E fo infiltration rates chserved
during the current prototype-testing program.
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3.6.5.1 MA&E (1996a) Protolype Percolation Ponds

Percolation ponds were conhstructed in three areas of the Broderson site by M&E (19983,
see Plate 2d). The ponds were typically 10-foot square with the sidewalls lined with impesvious
plastic sheeting. The infiliration rate through the base of the ponds was reparted to be
approximately 240 gallons per day per square foot (gpd#t°) in Basin 1, 345 gpd/fi® in Basin 4,
and 135 gpd/ft® in Basin 5, with an average infiltration rate of approximately 240 gpd/ft?. The
basin numbers correspond to the exploration numbers of the adjacent CPT and borings. The
water depth in the ponds during the iesting was between 0.85 and 2 feet.

With the exception of Basin 5, these infiltration rates are generally higher than the
estimated 180-gpd/f® rate recorded during the prototype percolation line testing. We atiribute
these differences mainly to the difference in infiltration area at the base of the test french or
pond with and without aggregate, respectively. Additionally, the iesting of the ponds was
performed only a limited period of time: 8 hours in Ponds 1 and 4, and 17 hours in Pond 5. The
data presented in the M&E (19868a) study suggests that the reading had not stabilized at the
time the tests were terminated.

3.6.5.2 MSEE (1997) Prototype Drywell Tesling

Drywells were installed in two areas (DW-1 and DW-2) of the Broderson site by M&E
{1897, see Plate 2d). DW1 was approximately 5 feet in diameter and 50 feet deep. DW2 was
approximately 3.5 feef in diameter and 40 feet. The drywells were backfilled with Va-inch pea
gravel and a vertical 6-inch diameter distribution pipe extending the full depth of the trench.
Neusron probes were installed to monitor changes in soil moisture cenditions downslope of the
wells. Approximately 40 to 50 gpm were pumped info the wells over a period of approximately
14 days.

We estimated application rates from the date reported by MEE {1987) to be
approximately 127 and 273 gpd/t® in DW1 and DW2, respectively. However, the neutron probe
data show an area between approximately 35 and 45 feet below the existing ground surface
where the infiltration into the ground was limited. Neglecting infifiration between these depths
resulis in an infiliration rate of approximately 194 gpd#t’. CPT soundings indicate that soil
layers that appear to lower permeability aquitards are present between 35 and 45 feet in nearby
CPT1 and CPT8. Additionaily, the soils near DW2, the westerly end of the Broderson site,
appear to have tess lower permeability layers and resuiting faster infiltration rates.,
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3.7 GENERAL CONDITIONS AND LIMITATIONS

Fugro prepared the conclusions and professional opinions presented in this report in
accordance with generaily accepted geotechnical engineering principles and practices at the
time and location this report was prepared. This statement is in tieu of ali warranties, expressed
or implied.

This report has been prepared for Montgomery Watsen Harza and their authorized
agents eniy. H may not coniain sufficient information for-the purposes of other pariies or other
uses. If any changes are made in the project as described in this report, the conclusions and
recommendations contained in this report shoutd not be considered valid uniess Fugro reviews
the changes and madifies and approves in writing the conclusions and recommendations of this
report. This report and the drawings contained in this report are intended for design-input
purposes; they are not intended {o act as construction drawings or specifications.

Soil and rock deposits ¢can vary in type, strength, and other geotechnical properties
between points of observations and exploration. Additionally, groundwater and soil moisture
conditions also can vary seasonally or for other reasons. Therefore, we do not and cannot have
complete knowiedge of the subsurface conditions underlying the site. The conclusions and
recommendations presented in this report are based upon the findings at the poinis of
exploration, interpolation and extrapolation of information between and beyond the points of
observation, and are subject 1o confirmation based on the conditions revealed by construction.
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4. SITE CONDITIONS |
4.1 GEOLOGIC SETTING

The project area lies within the Los Osos Valley that is part of the Coast Ranges
geologic and geomorphic province. That province consists of nosth-northwest-trending
sedimeniary, volcanic, and igneous rocks extending from the Transverse ranges to the south
into northern California. Rocks of the Coast Ranges province are predaminately of Jurassic and
Cretacecus age; however, some pre-Jurassic, along with Paleocene-age to Recent rocks, are
present.  The surficial geology of the project vicinity, as mapped by Hall (1973) is shown on
Plate ba — Regionai Geologic Map.

The Los Osos Valiey and adjacent kish Hills are the dominant geomorphic features
within the project vicinity. The Los Osos Valley has formed in response {o several tectonic
processes that began prior {o the Pliocene time {more than 5 miliion years age). Prior to the
Pliocene, the bedrock strata in the Los Osos area was folded into a east-west trending synciine
{Ui-shaped fold} that has subsequenily been filled with up to 1,000 feet of sediment during the
Pliccene and Pleistocene periods. Concurrent with that deposition is Uplift along the eastwest
striking Los Osos fault that forms the boundary between the Los Osos basin and adjacent frish
Hills (Plate 5a).

Ag shown on Plate 5a, the predominant geclogic units exposed in the study area consist
of susficia sediments comprised of dune sand deposits (Qs}) and aliuvium {Qal). These surficial
sediments are primarily underlain by weakly consolidated units of the age-equivalent of Paso
Robles Formation (Qpr) and Careaga Sandsione (Tca) The Pasc Robles Formation and
Careaga Formaticn are underlain by relatively impermeable basement rocks composed of
Franciscan Formation (KJf) greywacke and metavolcanics; Fismo Formation shale; and
Cretaceous age dacitic (Td) infrusives (California BWR 1988). Units of the Pismo Formation
{Tp) and Franciscan Formation (KJf, KJg) are exposed on fkish Hills south of Los Qsos as
shown on Plate 5a.

4.2 FAULTING

Regional faulting in the site vicinity, as presented by PG&E (1988) is shown on Piate 5b.
Active and potentially active faults as defined by the California Geologic Survey {(CGS, formerly
Division of Mines and Geology) are summarized in Section 4.3.2 of this report. Other potentially
significant iocal faults Include the Cambria, Huasna, Wilmar Avenue/Qceana, Nacimiento, and
Santa Lucia Bank (Plate 5b). The Wilmar Avenue, Cceano and other coastal faults are group
as the San Luis Range fault system by CGS,

The closest active fault {as defined by the CGS) in the site vicinity is the Los Osos fault
zone {(PGAE 1988, Lettis & Hall, 1990; Asquith, 1987). A segment of the fault is designated an
Alguist-Priclo earthguake fault zone near the City of San Luls Obispo. Letlis & Hall (1990)
describe the Los Osos fault zone as a series of discontinuous, subparafiel and en echelen fauli
traces that extend from Hosgri fault offshore {o Lopez Reservoir, a distance of about 35 miles.
Lettis and Hall (1980} subdivided the fault zone inte four segments: Estero Bay, hrish Hilis,
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Lopez Reservoir, and Newsom Ridge. The irish Hills segment of the Los Osos fault is about 10
to 12 miles jong and extends from Marro Bay eastward to San Luis Creek. This segment of the
fault forms the boundary between the Los Osos Valley and the trish Hills and has documented
Holocene offset (PG&E 1988). Portions of the fault east of Los Osos {east of study area) have
been zoned active by the CGS. Letiis and Hall (1890) indicate that the frish Hills segment of the
fawdt has recurrent movement in the late Pleistoceng and Holocene with a long-term siip rate of
0.2 to D.4 mm/yr.

Several authors, including the California Division of Water Resources (DWR, 1989) and
Asgaith (1997), mapped a northwest trending strand (locally referred 0 as Strand “B") of the Los
Osos fault east of the project area. The presence of the Strand B fauit mapped by DWR was
interpreted by an inferred offset in refatively deep bedrock units and groundwater aquifers in the
Los Osos area. Asquith (1987) presents a refined location for a portion of the Los Osocs fault
and the “Strand B” lineation based on differences in shallow groundwater elevations in the Los
Qsos area, As part of their 1999 geotechnicat siudy, CFS Geotechnical Censuitanis, Inc.
advanced various piezocone pengtration tesis (CPT) and borings to depths of about 30 to 40
feet across the inferred trace of “Strand B” as mapped by Asquith near Ferrell Road. This data,
combined with the Fugro (1997) and various Courdy of San Luis Obispo welt data, suggest that
the shallow groundwater is the result of groundwater that is perched on various shatlow clay
layers that pinch out in the vicinity of the mapped faulf. The clay layers terminate near or east of
Palisades Avenue. The inferred Stand B from these data is an embayed feature and not linear
as inferred by previous investigations,

Cleath & Associates {2003a, 2003b, 2003¢ personne! communication with Spencer
Harris (2003)) recently performed addilional studies that included reviewing the DWR and
Asquith reports, and performing pump tests in existing wells near the inferred Strand B on
Palisades Avenue. Cleath reports that the inferred Strand B fault is not needed to characterize
the structure of Los Csos Valley geology or groundwater basin. Further, pump testing of a well
onr Palisades Avenue near the County library did not show deflection of the drawdown cone of
depression that would suggest the presence of a groundwater barrier that would prevent the
horizontal flow of groundwater. As such the Strand B fault is not included in their groundwater
modet for basin, and there is low potential that the inferred fault exists.

4.3 SEISMIC CONDITIONS
4,3.1 Historical Seismicity

The project is located in a seismically aclive region of central Califomia. Historical
records indicate that the area has been subject o a number of seismic events over the colrse
of the last 183 years (PG&E, 1988). From these references, examples of strong ground motion
that have reporiedly been experienced near the project area are the seismic events of 1830,
1857, 1913, 18186, 1917, 1966, and 1980.

The 1830 event is estimated to be an approximately M5 earthquake that occurred from a
paorly located source near San Luis Obispo. The effects of the 1830 event were generalty
observed between the Los Osos and Rinconada faults. The 1857 event {the Fort Tejon
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earthquake) cccurred on the Mojave segment of the San Andreas fault, and reportedly resulied
in damage in Central and Southern California. The 1913 event is estimaied to be an
approximately M5 earthquake that occurred along the southwestern margin of the San
Lias/Pismo block near Arroye Grande. The 1916 event i$ estimated to be an approximately MS
earthqguake that occurred near Avila, possibly aiong the Los Osos fault or faults along the
southwestern margin of the San LuisfPismo block. The 1917 eveni is estimated to be an
approximately M5 earthquake that accurred near Lopez Canyon between the Rinconada and
West Huasna faults. The 1866 event (the Parkfield earthquake) is estimated to be an
approximately M6 earthguake that occurred on the San Andreas fault. The 1980 event is
estimated to be an approximately M5 eanthquake that occurred offshore near Point Sal aiong
the Casmafia fault zone, and near is intersection with the Hosgri fault. oo 53 G P

4.3.2 Probabiiistic Seismic Hazards Analysis

4.3.2.1 Background

The site coordinates {latitude and longitude) for the Los Osos Wastewater Treatment
Piant site were estimated to be 35.3128° North and 120.8375° West, as measured from the
current USGS Morro Bay (South) Quadrangie Map. These coordinates were used as input for
probabilistic seismic hazard analyses that were performed to estimate peak hosizonial ground
acceieration and seismic response spectra (acceleration, velocity, and displacement) for the
project site.  The resuits of our seismic hazard analyses are descrbed in the sections that
follow.

4.3.22 Methodology

The probabilistic seismic hazard evaluation for the site was performed using the
computer program FRISKSP (Blake 2000) and the CDMG (3986) southern California fault
database. The program FRISKSP is based on FRISK {McGuire 1978) and has been modified
for the probabilistic estimation of seismic hazards using three-dimensional earthquake sources.

The intent of our evaluation was to estimate the strohg ground motion that could resuit
from earthguakes occurring on active and potentially active faults mapped within a 62-mile
radius of the site. The fault search routine in FRISKSP found thirteen (13} active and potentially
active mapped faults and fault segments within the 62-mile radius of the site. Summarized
below are fen (10) faults and fault segments that were considered to be the most capabie of
producing high ground motion at the site. Additional information is presented in the CDMG
(1996} fauit database.
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Summary of Fauit Characteristics
Approximate Maximuny Fault or Fault
Distance Momont Segment Slip Rate
Fault From Site Magnitude Lengih rmmiyr)
{mite) (M.} {mila)
Los Osos 06 &.8 27 0504
Hosgri T 7.3 107 25z 1.0
San Luis Range (S. Margin) g 7.0 40 D201
Rinconads 16 i 7.3 117 10z1.0
Casmalia (Orcwtt Frontal Eauit} 28 8.5 18 0.25+0.2
Lions Head 23 6.6 26 602+002
San Juan 37 7.8 42 10+ 10
San Andieas {Cholamae; 43 89 38 34+5
San Andreas {1857 Rupture) 43 7.8 214 M5
Los Alamos - Basaline i 48 6.5 17 07+07

FRISKSP was used to estimate peak horizontal ground accelerations and seismic
response specira for the following earthquake ground motions:

& Design-Basis Earthquake Ground Motion; An earthquake having a 10 percent
chance of being exceeded in 50 years (Statisiical Return Period = 475 Years)

R Upper-Bound Earthquake Ground Motion: An earthquake having a 10 percent
chance of being exceeded in 100 years (Statistical Return Period = 949 Years)

Based on the subsurface conditions encountered, a Soil Profile Type “Sg" was assigned
1o the treaimeni plant site. This soil profile type corresponds to stiff soil according the California
Builging Code (2001}, For our probabilistic seismic hazard evaluation we used the atienuation
relationship proposed by Boore et al. (1987) assuming a NEHRP site class *D" designation. A
site class “D” designation corresponds with Soii Profile Type “Sp' and assumes that the material
in the upper 100 feet of the site has an average shear wave velacity ranging between 800 and
1,200 feet per second {180 and 360 meters per second).

4.3.2.3 Peak Horizontal Ground Accelerafions

The peak horizontai ground accelerations estimated using probabilistic evaluation
procedures for the above two design earthquake ground metions are presented below.
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Summary of Peak Ground Accelerations
Estimated from Probabilistic Seismic Hazards Anaiyses

Design-Basis Upper-Bound
Ground Motion Parameter
Earthguaike Earthisuake
Peak Horlzontal Ground
Acceleration (PHGA) 637 0.50

Note: Al acceleration values in units of g (32 fsec® or 981 mus?)

The resufis of the probabilistic analyses are also summarized on Plates 6a and 8b.
Plate 8a shows the probability of exceedance versus peak hosizontal ground acceleration for
exposure periods of 50 and 100 years, assuming 13 fault saurces. Piate 6k shows the average
return period versus peak horzontal ground acceleration assuming t3 faults sources. Also
shown on Plate 6b are the resuits for select individual fault scurces within 62 miles of the site.
Either Plates 6a or 6b can be used to estimate the ground accelerations presented in the table
above,

4,3.24 Site Response Specira

Probabilistic evaluation procedures were also used o estimate seismic response spectra
for the Los Osos Wastewater Treatment Plant site assuming the site conditions and FRISKSP
input parameters previcusly described. We estimated spectral accelerations (in g's) as a
function of period for the design-basis and upper-bound earthquake ground motions. Values of
spectral acceleration {S,), velocity (S,), and displacement (S4) are presented on Plates 6¢ and
6d for the design and upper bound earthquakes. Estimated values of spectral acceleration are
reported for damping ratios of 0.5, 5 and 10 percent. The plates can be used to estimate design
speciral values for specHic design periods.

The Bocre etal (1997) aifenuation relationship used as part of the probabilistic
gvaluation was developed assuming a spectral damping ratio of 5percent.  Attenuation
relationships at other damping ratios have not ustually been derived. instead, a factor to adjust
from & percent damping ratio io other damping ratics was used. The procedure and factors
recommended by idriss (1993) was used to adjust the 5 percent damping spectra for a damping
ratio of 0.5 percent.

4.3.2.8 Speciral Values for L.ong Periods

Empirical attenuation relationships such as the one developed by Boore et gl (1987)
typically allow for the estimation of response spectral erdinates for pericds up to 2 seconds. We
understand that for this study spectral ordinates are required for design periods up io 15
seconds. Spectral values beyond a 2 second period were extrapolated using a straight fine to
an acceleration value of 1/T for where T is the spectral pericd in secends, The extrapolated
data ks shown with the response spectra information on Plates 8¢ and 6d.
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4.4 SUBSURFACE CONDITIONS

The description of the soil conditions is based an the resulls of the field exploration and
laboratory iesting programs reviewed for this report, and contained in the aftachments (Volume
2). The soil conditions encountered generally consist of artificial fill materials, sand dune
deposits, alluvium, estuarine deposits and Pasc Rables Formation. The Pasc Robiss
Formation is referred to as a formational material; however, this sedimentdiy rock -althaugh--- -
consolidated s non- or weakly cemented. The Paso Robles Formation is therefore described as
a soil. A summary of the soil and groundwater conditions encountered in the pipeline, pump
staticns, treatment plani, and effluent disposal sifes follows.

4.41 Plpeline Areas

The pipeline areas are generally underlain by surficial sediments consisting of existing
pavement and artificial fill material that overly dune sand, esiuarine and alluvial deposits,
underlain by Paso Robles Formation and Franciscan bedrock.

4.4.1.1 Pavement Conditions

The existing streets within the proposed pipeline network have a combination of the dirt
and asphali concrete surfacing. The following fable summarizes the existing pavement
thicknesses encountered in our borings and it potholes performed by Miller Pipeline
Carporation (2003), and the subgrade conditions at those locations. Borings and potholes are
indicated by the DH and PH prefixes, respectively,

Summary of Existing Pavement Thicknesses Encouniered

Other Tasts
SE = Sang Equivalent
R = R-value
#200 = fine candent

' ] Data AC AB
No. Location {mo.dayr} | linches} | {inches) Subgrade

Fasadena Drive, soulh H200=2
DH-184 of Santa Lueia and 1% 1.47.97 2 a8 Sand {SP}
Slreel

Southwest corner of
DH-103 Santa Maria and 4" 11797 1.75 11 Sand (SP}
Sireat

East shoulder of 10" #2001

Slrest (top of hill)
DH-104 B o Santa Ynez 1.47.87 2 4 Sand (SP)

¥sabei and Sania Maria

Wiast shoulder of South . #200=24
L Clayey Sand wilh
DH-106 Boulevard, 140 ft soulh 1.23.97 4 & grave}_g'._‘..-‘rc;l

of Sants Ysabel

East shoulder of 18"
DH-107 | Stresl, 50 ft north of 12097 35 5 Sand (SF)
Paso Robles Street

West shoulger of o7
DH-100 | Streel between El Morro 1.17.97 15 NR Sitty Sang (SM)
and Paso Robles
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. Other Tests
~ Data AC AB 5E = Band Equlvalont
No. Location {mo.dayr) | {inches) | (inches) Subgrada R = R-value
#2006 = fine content
8" Streel, south of #200=1
DH111 § o = 12087 2 8 Sand {SP)
Morth shoulder of Los .
DH-112 Clivos, 50 fi east of 10" 12087 25 2 Sand \\.13{:1;5:& (SP-
Shreat
st lane of Mounlain
DR-113 View, 150 f noth of Los 1.20.97 2.5 4 Silly Sand {SM)
Dilivos
South shouider of Los
Osos Valiey Road, B0 fi
DH-114 sast of Sunny Oaks 1.23.97 5.5 NR Sand (5F)
mobile home park
East tane of Pecho #200=13
D115 Road, 200 R north of Los 1.24.97 2.5 5] Siily Sand (SM)
Osos Valley Roag
East iane of Salano #2004
DH-116 Street at south Buttte .24 97 25 1] Sand {5}
Drive intersecton
153" Street, 200 fl north Sand with it (59-
DH-403 | of Santa Ysabel Avene 8.11.03 3.25 8 SM)
Tntersection of Santa :
DH406 | Ynez Avenue ang 81203 | 3 :] Sity Sand (SM)
dountain View Avence
South end of Green
DH-407 | Qaks Drive; south of 5.43.03 3 45 Silly Sand {5M}
Crast Avenlie
imersection of Bay Oaks
D408 Dirive and Crest Avahys §.13.03 4 8 Band (SF)
Bay View Heights Drive, H200=
OH-408 | 751 north of Bay Caks 8.13.03 4 20 Sand {8F)
Drave
irlerseetion of Lilac
DH-410 Drive and Palisades 8.13.03 4 18 Slity Sand (SM)
Avane
Lifac Driva, S0R sast of
BH-411 | o derson Avenue 81303 45 10.5 Sand (SF)
Litars Drive, 200 fl wast .
PH-412 | o Dans Avenug 51303 4 5 Silty Sand {SM)
PH-1 18" Street 8.25.03 4 NR Sand (50
PH-2 12" Street 8.25.03 3 NR Sand (SP)
-3 FPasadena Drive B2503 8 MR Sand (58) Conorete pavement
Raverma Aventue and
PH-4 Woodtand Drive 82603 7 KR Sand {SF)
Ravenna Avenua and
FH-5 Highiand Drive 8.26.03 & NR Sand (5P}
Bayview Helghs Drive
PHE | 18 Highland Drive 8.26.03 5 NR Sand (SF)
A7
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Other Tasls
Brake AC AB SE = Sand Equivalont
Ne. Lecatlon {mo.dayr} | {inches) | (inches) Subgrade R = Rvahue
#200 = fine conrtent
PH-7 gﬁc*‘“ Road and Skyline | 4 o0 g 4 NR Sand {SP)
rhee
PH-2 g‘rﬁ“ Road and Skyline | 5 o5 oy 7 NR Sand {SP)
Don Avenue and
PH-8 Meichel Drive 82602 4 NR Sand (SP)
10" Street and Los Sand wiih grave! Uinpaved Road
PH-10 Olvos Avenue 8.27.03 0 0 {SP}
Los Olivos Avenue and
PH-11 Faichid Way 8.27.03 4 NR Sand (SP)
Los Qlivos Avenus and
PH-12 Mountain View Drive 8.27.03 5 NR Sand (SP)
PH-13 1620 117 Street 8.27.03 1) (] Sand (8P} Unpaved Road
PH-14 NR 5.27.02 4 : KR Sand (SP)
Pi-15 | Liac Drive 8.28.03 & 5 NR Sand (5P
!
E! Moro Avenue and 1%
PH-18 Sirest 8.28.03 rd MR Sand {5P)
13" Street and Santa
PH-17 Yaabel Avenue 8.28.03 3] MR Sand (87
17" Sireet and Sarda
PH-18 Ysabel AvenLe B8.28.03 <] MR Sand (SR}
17" Sireet and Santa
PHA9 | L abel Averie £.28.03 7 NR Sand (SP}
10" Street and Santa
PH2O | o peenie §.20.03 8 NR Sand (5P}
0™ Street and Santa
PH-20A Yrez Avenus 82003 10 NR Sand (SF)
PH-24 12" Strest 8.20.03 4 NR Sand {SP)
PH-21 Pecho Way 9203 2] NR Sang (S
PH-22 ndto Drive 9.2.03 7 NR SBand (SA)
Log Osos Valley Road
PH-23 and Pine Ave 9203 B NR Sand (87}
PH-24 Solano Streel 9.2.03 Fi NR Sand (SP)
Los Osos Valley Road
PH-25 and 10" Street 9.2.03 7 NER Sand {SF
Les Osos Valley Road
PH-26 and Oakridge Drive 9.2.03 4 NR Clayey Sand {5C)
Los Osos Valley Road
PH-27 | o sliow Drive 9.2.03 4 NR Clayey SAND (SC)
Los Osos Valley Road
PH-28 | 0 \siiow Drive. 9.2.03 4 NR Clayey SAND {5C)
Los Osos Valley Road
PH-Z9 and Buckskin Deive 9203 5 MR Clayey SAND {8C)
4-8
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Othesr Tosts
Date AC AB SE = Sand Equivalent
No. Location {modayr) | (inches} | {inches) Subgrade R = R-vaiue
#200 = fine content
PH-23 | Mar Vista Drive 9.2.03 4 NR Sand (3P}
NR Aggregale Base
PH-31 9.203 5 NR KR reporied bul thickness
i was NR
10" Street and Los
FH-32 Diivos Aventte 5.4.03 B NR Sand (S

NR — Not Reported

4.4.1.2 Soil Conditions

Artificial fili (Af). Adificial fill materials encountered in our expiorations generally
consist of soils that appear io be associated with previous grading activities for roadway
construction and backfilf for existing utiliffes. The thickness of ariificial fill materiais is expecled
to vary in material type and thickness over the study area. Asphalt pavement and aggregate
base materials are present over much of the roadway areas, as discussed in the previous
section of this report.

The thickest fill materials were encountered in BH-106 drilled on the shoulder of South
Bay Boulevard near the East Santa Ysabel Avenue Lt Station, and in DH-114 drilled on the
shaouider of Los Osos Valley Road near the Sunny Oak Lift Station. The thickness of the artificial
fill encountered in these borings ranged from approximately 14 1o 15 feet below the road
surface. The existing fiff materiais generally consisted of medium dense sand and ciayey sand
with gravel. Where encountered, the artificiai il materials were underfain by dune sand
deposits,

Laboratory tests performed on samples of the existing fill had dry densities ranging from
approximately 103 to 122 pounds per cubic foof, and moisture contenis ranging from
approximately 4 to 11 perceni. Sieve analysis fests indicate that the ardificial fili maierials tested
had approximately 2 to 24 percent matenal finer than the U.S. Standard 200 sieve. Atterberg
fimits tests performed on a sample of clayey sand with gravel {SC) obtained from DH-106 had a
kauid limit of approximately 30 percent, and a plasticity index of approximately 10 percent. The
sand equivalent for a sample of sand {SP) obtained from the artificial fill matenals encountered
in DH-114 was 41.

Dune Sand Deposits {Qs). Dune sand deposits comprise the predominant geologic
unit exposed at the ground surface over the collection systern area. The areal extent of the
dune sand depesits, as mapped by Hall {1973), is indicated on Plate 5a, and is generally
consistent with units encountered in the explorations.

The dune sand encountered within the upper 3 to 4 feet of the site was typically
weathered with a moderately developed topsoil horizon. The fopsoil is typically classified as
very loose to medium dense sand (S5P), silty sand (SM) and sand with siit {SP-SM). The
underlying dune sand typically consisted of loose to very loose fine sand (SP) to depths of
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approximately 5 to 10 feet below the ground surface. The sand dune deposits below that depth
were typically medium dense to dense sand (SP) and are logally interbedded with zones and
lenses of silty sand (SM), clayey sand {SC), sand with silt (SP-SM), and sit {ML}.

Within the low lying areas of the sie along the Baywood shore, and inlerdunal
depressions such as alohg Paso Robles Avenye and Ramona Avehue, groundwater was
encountered at shaliow depths, the dune sand was typicaily loose and caved into backhoe test
pits and drill holes excavated within those areas readily. The dune sand is generally interpreted
to overly the age equivaient of Paso Robles Formation over most of the collection system areas,
The Paso Robles Formation is a similar sandy material in some areas, and is therefore not
always differentiated from the dune sand deposits on the logs of the explorations.

The base of the dune sand, and the contact with the underlying Paso Robies Formation,
appears to be relatively uniform and dips to the norihwest toward Morro Bay. Within the
western portion of the site (west of Palisades Avenue) and near Bayview Heights, the dune
sand appears to be a relatively uniform 10- to 15-foot thickness of material blanketing the
underying denser Paso Robles Formation material that is of simitar grain size and material type.
The underlying contact with the Paso Robles Formation ranges from approximately el, 204 feet
north of Highland Avenue t¢ approximateiy el. —4 feet near the shoreline of Morre Bay.

Within the eastern portion of the site (east of Palisades and nerih of Los Osoas Valiey
Road), the dune sand is mounded atop of the older Paso Robles Formaticn, with dune ridges in
portions of that rise up to approximately 180 feet above sea level near Santa Maria Avenue.
The kase of the dupe sand comtact with the underiying Paso Robles Formation or Estuarine
Deposits ranges from approximately ei. 115 to 125 feet atong Los Osos Valley Road {o below
sea levet along the shorelines of Morro Bay near Baywood, to approximately el. 3¢ to 40 feet
along South Bay Boulevard.

L.aboratory tests performed on samples of the sand dune deposits typically had dry
densities ranging from approximately 96 to 134 pounds per cubic fool, and moisture contents
ranging from approximately 1 to 23 percent. Sieve analysis tesis indicate thal the samples of
the sand dune deposits that were fested had approximately 1 to 17 percent material finer than
the U.S. Standard 200G sieve. Sand equivalent test resuits for samples of sand (SP) and sand
with silf (SP-SM) ranged from approximaiely 34 to 78. Sand egisvalent test results for samples
classified as silty sand (SM}, and sandy silt (ML) were 24 and 20, respectively,

Estuarine Deposits {Qe). Estuarine deposit materiais were encountered in HA-8 and
DH-401, and are generzally present within the areal limits of the Morro Bay estuary. HA-8 was
driled on Doris Avenue where the road is constructed across an inlet of Morro Bay. DH-401
was drilled on the north end of 4™ street along the northern limits of the project and near the
southem shoreline of Morre Bay. The surface exposure of the estuarine deposits is mapped as
“mud® by Hall {1873), as indicated on Plate 5a.

The estuarine deposits encountered in HA-8 and DH-401 generally consist of otganic fat
clay {CH), lean clay {CL} with varying amounts of sand and gravel and medium dense sand with
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clay (SP-8C) and silty sand {(SM)}. The estuarine depasiis were encountered te the maximum
depth explored, approximately 5 and 40.5 feet in HA-B and DH-401, respectively.

Alluvium (Qal). Alluvium was encounterad in DH-102, DH-110, T-103, CPT-10%, CPT-
113, CPT-114, CPT-146, CPT 406, CPT 407, CPT-413, and HA 401 and HA 402. The aliuvium
is generally present alang the eastern edge of the Morro Bay estuary and near Baywood. The
aliuvium is similar in composition to the sand dune deposits, and is therefore difficult to
distinguish from the sand dune deposits on the basis of sail classification. Uindifferentiated units
of alluvium may be present in areas mapped or logged as sand dune deposits, pariicularly in
low lying interdunal depression of the site. The limits of afiuvium mapped by Hall {(1973) are
indicated on Plate 5a.

The alluvium encountered in our borings generally consisted of very loose to dense fine
sand {(SP?, SP-5M} with varying amounis of silt. The deposils are locally interbedded with layers
and lenses of gravel, clay, clayey sand and oarganics. The alluvium was overlain by
approximately 9 feet of sand dune deposits in DH-102. The alluvium was encountered to the
maximum depth explored, approximately 41 feet helow the existing ground surface in PH-$110.
In CPT-148, performed near the intersection of Mitchell Drive and Pine Street, the aliuvium was
underlain at 2 depth of approximately 8 feet by relatively dense sand that may have been units
of either older sand dune deposii{s or the Paso Robles Formation. Similar dense sand units
were encountered beiow the sand dune deposits in this area.

Laboratory tests performed on samples of the aliuvium had dry densities ranging from
approximately 105 to 118 pounds per cubic foot, and moisture contenis ranging from
approximately 5 to 20 percent. Sieve analysis tests indicate that samples of the alluvium that
were tested had approximately 3 to 5 percent material finer than the U.S. Standard 200 sieve.
Sand equivalent test results for samples of sand (SP) ranged from approximately 38 to 77.

Paso Robles Formation {Q,). The age-equivalent of the Paso Robles Formation was
encountered below the sand dune deposits where they were penetrated, and fikely underlies the
dune sand over most of the project area. The material locally referred to as Paso Robles
Farmation may include older wind biown sediment and was commaonly of a similar grain size as
the overlying dune sand, only denser. The main characleristic that was used to differentiate
between what we interpret 0 be Paso Robles Formation and the sand dune deposits and
afluvizm, was the relative density of the material encounterad, and the presence of clay layers
that would not be expecied to be encountered within wind blown deposits. The Paso Rehies
Formation was not observed to oulcrop at the site, and therefore is nat indicated on Plate 5a.

The Paso Robles Formation encountered in the explorations generally consists of dense
1o very dense sand (SP), silty sand (SM) and clayey sand {SC). The sand is iocally interbedded
with 1- {o 5-foot thick fayers of very hard lean clay (CL). Where encountered in the explorations,
the Paso Rables Formation was overlain by approximately 10 to 40 feel of disne sand andfor
giluvivm. We estimate that up to 100 feet or more of dune overlies the Paso Robles Formation
near Santa Maria Avenue.
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As discussed previcusly, the surface of the Paso Robles Formation and contact with the
dune sand appears fo be relatively uniform and dip to the northwest toward Morro Bay. Within
the westermn portion of the site {west of Palisades Avenue) and near Bayview Heights, the
surface of the Paso Robles Formation from approximately elevation 200 feet north of Highland
Avenue to approximately el. —4 feet near the shoreline of Marro Bay. Within the eastern portion
of the site (east of Palisades and north of Los Osos Valley Road), the surface of the Paso
Robles Fermnation, was encountered from approximately el. 115 {0 125 feet along Los Osos
Valley Road fo below sea ievel along the shorefines of Morro Bay near Baywood, to
approximately &l. 30 to 40 feet along South Bay Boulevard.

Laboratary tests performed on sampies of the Paso Robles Formaticn typically had dry
densities ranging from approximately 104 to 122 pounds per cubic foot, and meisture contents
ranging from approximatety 5 to 22 percent.

Franciscan Rocks {KJf). Franciscah Rocks are mapped at the ground surface north
and east of Los Osos Creek, and were encountered below the Paso Robles Formation in
borings by Cleath (2003b). Cleath reported metavalcanic rocks below what appears t¢ be Paso
Robies Formation at approximately el. —48 feet in TH-2 driffed ai the east end of Sania Ysabe,
and at el. —6 feet in TH-4 drilled north of the project site along South Bay Bouievarci The
borings were terminated within 5 feet into the bedrock material.

4.4.2 Pumgp Stations and Standby Power Buildings

The pump station argas are generally underlain by sufficial sediments consisiing of
artificiai fill, alluvium, sand dune deposits, estuarine deposiés, and Paso Robles Formation as
previously described in this report for the pipeline areas. Groundwater was commonly
encountered within the anticipated depth of excavation for the pump stations, and relatively
close o the ground surface in some areas. A general summary of the subsurface conditions
encountered in the pump station and standby power building areas is presented below.

Subsurface Conditions at Pump Station and $tandby Power Bullding Shes

Exisfing Agpproximate
Grouind _ Dapth to
Structure Saf?g Explorations® Eu‘:’m; 4| Subsurface Conditions Encountered
: : . -Date Obsarved ' - :
; - {me.da.yrp™
Bfaywood Pump Station at 10 CPT-406 22 om 8.6.03 | Dune Sand (Qs) andfor Alluvium {Qal);
Street and £l Morro Approximately 15 feet of very oose wet
sand (5P} overiying Paso Robles
Formation. :

Paso Robles Formation (QTp): Very
dense sand (SP) with interbedded tayers
of siity sand (SM).
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Structure

i Existing

Ground

EL. (f6)

Explozations*

Approximata
Dgpth ta
Groundwater
Encourtered and
Date Observed
{mo.cta.yry™

Suhsurface Conditions Encountered

Baywood & Westside Paso
Standby Power Building at
CSD yard near 8" and EI
Moo,

25

CPT-405
HA-4D3

5 on 8.8.03

{une Sand (Qs): Approximately 15 feet
of very louse to dense wet sand (SP)
overlying Paso Robles Farmation.

Paso Robles Formation {QT): Very
danse sand {SP) with interbedded layers
of hard ¢lay {CL).

W. Paso Raﬁ;ies Pump
Station at 3" Street

16

OH-404

& onB8.12.03

Dune Sand ((as): Very loose to dense
wet sand (SP) and sand with siit (SP-
SM). Borirng terminated at 34 feet due to
sand flowing up into augers.

East Santa Ysabel Avente
Pump Station 2t South Bay
Boutevard

78

DH-108
HA-B

22' on 2.18.97

Dune Sand (Gs): Loose (o dense sand
(5P} and silty sand (SM). DH-106
terminated in flowing sand.

East Paso Robies Avenue
Pump Station at 18"

DH-107
CPT-409
HA-Z

O on 1.28.97
& on 8.68.03

Dune Sand {Qs): Approximately 15 feet
of very Ioose to medium dense wet sand
{5P) overlying Paso Robles Formation.

Paso Robles Formation (QTp)
interbadded layers of dense sand {(SF),
sifty sand {SM}, and hard clay {CL).

Santa Lucia Pocket Pump
Stations (4" to 13" Street)

th'to
Ta

DH-401
DH-402
DH-403

1¥Fon8.11.03
19 on 8.11.03
37 on 8.11.03

Dune Sand (Qs). 3 to 4 feat of loose silty
sand {SM} topsoil over medium dense o
dense sand (SP). Fiowing sand below
water tabie.

Estuarine Deposis: Encountered beljow
Dune Sandg in DH-402 at depth of 20 fest
{near el. ¥ feet]. Loose o medium dense
Silty sand (EM) and sand with olay (8C-
SV with lenses of lean clay {CL),

Lupine Street Pump Station
at Donna Ave,

14

CPT-413
oDH-117

5 on8.17.03
4 on 1.21.97

Duneg Sand {Qs): Approximately 15 feet
of loose to medium dense sand and sand
with silt {SP, SP-SM) overying Paso
Robles Formation.

Paso Robles Formation (QTp): Dense to
very dense sand (SP) with Interbedded
layers of hard clay.

Sunny Qaks Pump Station.
{08 Osos Vallpy Road at
Sunny Oaks.

153

DH-114

15' on 1.23.97

Dune 8and {Qs): Approximately 38 feet
of medium dense sand {SP). Sand
fiowing Into augers.

Paso Robles Formation {GTp): Siff lean
clay {CL) with pockets of sand.

Mourtzin View Ave. Pump
Station at Santa Ynez Ave.

100

DH-406
CPT-135

1¥on 12197 |

Clune Sand (Os): Approximately 23 foet
of loose sand (SP) overlying Paso
Robles Formation,

Paso Robles Formation (QTp): Dense
sand {5P) with pockets and interbadded
lavers of very siiff iean clay {CL).
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Existing Approximate
Ground Benth to
Structure SE‘;'_";;B Explorations™ Eniﬂmfn d Subsurface Conditions Encountersd
Date Observed
o, dayr)™

Mourtain View Standby 107 Ch-405 23 on 8.12.03 | Dune Sand (Os): Approximately 23 feet

Power Building at CSD Yard of lcose to dense sand (SP) overlying

at Nipomo and S. Bay Pasa Robles Formation.

d. .

Boulevar Faso Robles Formation (QTp): Dense to
very dense sand (SP) with pockets and
interbedded layers of very stiff lean clay
{CL).

Pocket Pump Stations at 9™ CPT-411 14.5'on 8.7.03 | Dune Sand {Qs): Approximately 23 fast

& Ramona, 9 and San Luis, CPT-412 200 on 8.7.03 | of loose sand (SP) ovedying Paso

13$ rosth of San Luis, and CPT-404 17 on 8.7.03 Robles Formatian.

) rih of i ) A8, .

1570 San Luls/ HA-8 §on218.97 FPaso Robles Formation {O7Tp): Dense to
very dense sand (SP) with interbediied
layers of very stiff clay {CL).

* Clher exploraiions may be near by as shown and referenced on Flate 2a.
= Qrgter of groundwater daia is presentsd in same order as corresponding exploralion.

4.4.3 Tri W Wastewater Treatment Plant

The subsurface conditons encountered at the T W Wastewater Treatment Plat site
generaily consist of variable thickness of artificial fitl materials (Af), sand dune deposits (Qs},
and Paso Robles Formation {(Qps}. Subsurface profiles showing the geologic units encountered,
depth to groundwater, and field blow count or CPT tip resistance are shown of Plates 7a and 7,
Subsurface Profile A-A’ and Subsurface Profie B-B. A summary of the soil conditions
encountered in the explorations is presenied below;

Artificial fill materials {Af). Arificial fii materials were encountered in five of the CPT
explorations (CPT 1 through CPT 5} performed in the roadway areas along the site perimeter.
The fiit materials appear io be associated with previous site grading and paving for the
roadways along Palisades Avenue, Los Osos Valley Road, and Broderson Avenue. The fill
materials were encountered from the ground surface down to approximately 1 to 2 feet below
the existing ground surface, and censisted asphait pavement and loose to dense silty sand
(SM). The artificial fill materials were underlain by dune sand.

Dune Sand Deposits (Qs). Pune sand deposils were encouniered at the ground
surface or below the adificial fill materials in each of the explorations. The dune sand was
encountered to depths of approximately 7 to 17 feet below the existing ground surface, and was
underlain by the Paso Robles formation. The dune sand typically consisted of loose {o dense
fine sand (S} and sand with silt (SP-SM).

Results of iaboratory testing performed on samples of the sand dune deposits had uni
weighis ranging from approximately 98 to 108 pounds per cubic foot, and moisiure contents
ranging from approximately 2 to & percent. Samples of the dune sand that were tested typically
had approximately 1 percent fines {particles smaller than 0.075 mm).
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Paso Robles Formation (Qp). Paso Robles Formation was encountered below the
dune sand depasits in each of the explorations, and is exposed in drainages that run through
the site, The Paso Robles formation consists of inferbedded. layers of medium dense to very
dense sand (SP), sand with silt (SP-SM), sand with clay (SP-SC), silty sand (8M), silty clayey
sand (SC-8M), clayey sand (SC}, and stiff to hard lean clay (CL), fat clay (CH), sandy silt (ML),
and siit {ML). QOccasional gravel was also encountered at the various depths within the Paso
Robles formaticn and is noted in the logs. The Paso Robles Formation was encountered to the
maximum depth of each of the explorations, approximately 25 to 71 feet below the existing
ground surface.

Results of laboratory festing on samples of the Paso Robles formation had total unit
weights ranging from approximately 112 to 131 pounds per cubic foot, and moisture contents
ranging from § o 28 percent.

4.4.4 Effiuent Disposal Sites

The foilowing summarizes the subsurface conditions encountered in the primary
disposal site areas. The deferred disposal site areas are lecated at varicus lecations within the
ccllection system netwark. The soif conditions for the collection system area were previcusly
described in this report.

4.4.4.1 Broderson Site

A summary of the subsurface conditions encountered at the Broderson Effiuent Disposal
and prototype percoiation site is prepared are summarized on the Subsurface Profile C-C'
presented on Plate 7¢. Additional boring and CPT logs from the Metcalf & Eddy (1996a) and
Fugro (i1996a) are presented in Atfachment A. The soil conditions generaily consist of a
relatively uniform thickness of dune sand cverlying the age-equivalent of the Paso Robles
Formation. The resulls of the percolaiion and prototype iesting were previously described in
this report.

Dune Sand Deposits {Qg). Dune sand deposits were encouniered at the ground
surface ih each of the explorations. The dune sand was encountered to depths of
approximately 10 fo 35 feet below the existing ground surface, and is underlain by the Paso
Robles Formation, The dune sand typically consisied of toose to medium dense fine sand (8P)
and sand with silt (SP-SM). The dune sand is locally interbedded with lenses of sif (ML), clay
{CL), and clayey sand {SC).

Results of laboratory testing performed on samples of the dune sand deposits typically
had dry unit weights ranging from approximately 84 to 105 pounds per cubic foot, and moisture
contents ranging from approximately 2 to 12 perceni. The fines content (particles smailer than
0.075 mm) of the sand samples that were tesied typically ranged from approximately 1 {0 8
percent,

Paso Robles Formation (Q). The age-equivalent of the Paso Robles Formation was
encountered below the dune sand deposits where they were penetrated, and likely underlies the
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dune sand over the project area. The material locally referred fo as Paso Robles Formation may
include older wind blown sediment and was commonly of a similar grain size as the overlying
dune sand, only denser. The main characteristic that was used to differentiate between what we
interpret to be Paso Robies Formation and the sand dune deposils and alluvium, was the
relative density of the material encountered, and the presence of clay layers that would not be
expecied to be encountered within wind biown deposits.

The Paso Robles Formation encouniered in the barings generally consists of dense to
very dense sand (SP), silty sand {SM), and clavey sand {SC) with varying amounts of silt. The
sand is jocally interbedded with 1- to 2-foot thick layers of very hard lean clay, and zanes of silty
sand and sand with silt. Where encountered in the borings and CPT soundings, the Paso
Robles Formafion was overain by approximately 15 to 35 feet of sand dune deposis, The Paso
Robles Formation was encountered to the maximum depths explored at the site, approximately
185 feet below the existing ground suiface in M&E (1985} boring B-8.

Results of laboratory tesiing performed on samples of the Paso Robles Formation
obtained from the borings had dry densities ranging from approximatety 104 to 110 pounds per
cubic foot, and moisture contents ranging from approximately 3 to 8 percent. Sieve analysis
tests indicate that a sample of the Pasc Robles Formation had approximately 1 percent material
finer than the U.S. Standard 200 sieve.

4.4.4.2 Samnta Maria Avenue Site

A summary of the subsurface conditions encouniered at the Santa Maria Effiuent
Bisposal and prototype drywell site is summarized on the Subsurface Profile D-D° presented on
Piate 7d. Additionai bonng infarmation in this vicinity is presented on the Cleath (2003b) logs.
The soil conditions generally consist of a relatively deep dune sand overlying Pasoc Robies
Formation. The results of the percolation and prototype testing were previcusly described in
this report.

Dune Sand Deposits {Qs). The Santa Maria disposal site is located near el. 120 feet
on the north-facing slope of the highest dune ridge within the Los Osos area. BDune sand
deposits were encountered at the ground surface in each of the explorations to the maximum
depth expiored, approximately 51 feet below the existing ground surface. The dune sand was
underlain by the Paso Robles Formation where encountered in a Cleath {2003h) borings (see
Plate 7d) at approximately 6C feet below the existing ground surface {el. 35 feet). The dune
sand encountered consisted medium dense to very dense fine sand (SP). The dune sand is
locaily interbedded with lenses and packets of silty sand {SM} and silt (ML).

Results of laboratory testing performed on samples of the dune sand deposits typically
had dry unit weights ranging from approximatety 102 to 108 pounds per cubic foot, and moisture
contents ranging from approximately 3 tc 6 percent. The fines content (pariicies smaller than
0.075 mum) of the sand samples that were fested fypically ranged from approximately 2 to 3
percent.
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4.4.4.3 Pismo Avenue Site

CPT 120 to 122, and CPT 408 and CPT 410 were performed along Pismo Avenye within
the planned effluent disposal system area. The scil conditicns generally consist of a relatively
deep dune sand overlying Paso Robles Formation. The results of the percolation and prototype
testing were previously described in this report. '

The CPT encountered reiatively deep dune sand deposits simiiar to those described for
the Santa Maria site. The dune sand typically consisted of loose to very dense sand
encountered to depths of The dune sand was encountered to a depth of approximately 28 feet
in CPT408 advanced near 10" Street, and {o approximately 35 feet in CPT 410 advanced near
16" street. The dune sand appeared te be underiain by similar but denser units of sandy Paso
Robles Formation. The Paso Robles Formation was interbedded with 1 to 2 foot layers of
dense of cemented sand and lenses of clay at various depths. The Paso Robles Formation was
encountered to the maximum depth explored, approximately 50 feet below the existing ground
sutface.

4.5 GROUNDWATER CONDITIONS

Shallow groundwater is common over much of the project area. Groundwater was
encountered in varioys CPT soundings, drill holes, and backhee pits performed within the
project area, The depih fo groundwater was obhserved in the borings and interpreted from CPT
data as the depth at which pore water pressures were first recorded with the cone
penetrometer's piezo-element, and from CPT piezocone dissipation tests. The depth to
groundwater encountered in these explorations ranged from approximately 1 foot to greater
than 80 feet below the ground surface. We aiso observed that there were numerous springs
and areas of ponded water at the site. Additionat groundwater data was also obtained from
Cleath and Associates for various monitoring weils that have been installed at the site by the
County of San Luis Obispo.

The groundwater levels were estimated from the various data sources {o estimate fo
“first water” as encountered in the explorations and estimate from the County data. We then
used our geographic information system fo analyze and plot these data, as summarized an
Piates 8a, 8b and 8c. The groundwater conditions are relatively compiex, particutarly within the
southeast quadrant of the site, as a result of the_presence of shallow clay jayers that resuit in
perched groundwater conditions. Groundwater conditions appear to vary seasonally, and
fluctuate as much as 5 to 10 feet in some areas.

Plate 8a presents estimated 1980-groundwater surface contours estimated from the
County well data. The County wells commonly penetrate shallow zones of perched water that
were encountered in our explorations, and may represent a deeper water table in some areas or
conditions when the perched groundwater is not present during drought years,

Plate 8b presents the estimated “first water” contours encountered in our exploration and
from County well data for explorations performed during the period of 1895 to 2003. Using
Fugro's GIS database, these data were then used to calculate the difference between the
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ground surface topography provided by MWH and the groundwater surface contours presented
on Plate 8b. The resulis are summarized on Plate Bc, which is the estimated depth to first -~
groundwaier encountered during the period of 1995 to 2003.

The groundwater confour elevations are approximately and were interpolated between
points of cbservation. County well data typically has groundwater level 5 t¢ 10 feet higher in
1988 than in 1980, and In some case more than 20 feet Groundwater and soil moisture
conditions will fiuctuate seasonailly, and as a result of changes in precipitation, storm runoff,
irrigation scheduies and other factors. The groundwater conditions in areas near Morrce Bay
appear to be influenced by tidat changes, such as was cbserved in the area of HA-8 drilled on
Doris Avenue just south of its intersection with Lupine Street.
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§. GEOLOGIC HAZARDS ASSESSMENT
6.4 FAULT RUPTHURE

The Irish Hills segment of the Los Osos fault is the closest mapped fault to the site, and
is mapped approximately 1,600 feet south of the project area at its closest point. There is a low
potential for fault rupture tc impact the project site.

5.2 STRONG GROUND MOTIONS

The Los Qsos area is focated in a seismically active region of central California relatively
close to mapped active and potentially aclive faults. The closest fault zoned active by the CGS
is the Los Osos faull located approximately 1 mile south of the project area, which is considered
capable of & maximum earthquake of M&.8.

Peak horizontal ground accelerations for the site were estimated using probabilistic
seismic hazard anaiyses. Based on the probabilistic seismic hazard analysis, we estimate that
strong graund motion having 10 percent probability of being exceeded during a S0-year and
100-year period is approximately 0.37g and 0.50g, respectively.

5.3 LANDSLUIDES AND SLOPE STABILITY

Teo our knowledge the site is not within an area of mapped fandslides, or of known slope
instability. The project site is located on relatively flat to moderately sleping ferrain. 1t is our
opinion that there is a low potentiai for landsiides to impact the project as presently planned.
Siope stability analyses were performed to provide a basis far providing the recommended
geosynthetic reinfarcement and spacing needed for retaining wall design, and presenied in this
report.

§.3.1 Slepe Stability Evailuation for Reinforced Retaining Walls

Slope stability analyses were performed on generalized cross-sections for the segmental
masonry unit (SMU) retaining wall to be located at the treatment plani facility and for the
boulder-covered slopes proposed for the sedimentation basin. The purpose of our slope
stability analyses was fo provide a basis for recommending geosynthetic reinforcement for the
design of retaining waklis and slopes presented in this repert. The proposed wail and siope
conditions were evaluated with respect to the slope stability criteria discussed below. The main
ouiput from the slope stability analyses is presented in Appendix C.

5.3.1.1 Slope Stability Criteria

Typical slope stability criteria are described in the California Division of Mines and
Geology (1997} Guidelines for Evalualing and Mitigaling Seismic Hazards in California. In this
study, for the purpose of evaluating the anaiytical results, the walt and slope were cansidered
stable when the estimated factor of safety was at least 1.5 under static loading conditions, and
at least 1.1 under pseudostatic (earthquake) ioading conditons when using a hoerizontal
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pseudostatic coefficient of 0.15. A factor of safely of 1.0 represents the theoretical boundary
below which a slope is no longer stable and experiences failure. However, factors of safety
greater than 1.0, such as those stated above, are typically used io define stable slope
conditions in practice to help account for uncenainties associated with characterizing
subsurface conditions and limitations associated with the geotechnical analyses used to
evaluate slope stabiiity.

8.3.1.2 Approach

Analysis Methods. The siope stability analyses were performed using the computer
program STEDwin (Van Afier 1988). STEDwin was used with PCSTABL o estimate factors of
safety far slope stability under static and pseudostatic loading conditions. STEDwin requires the
user to define the surface and subsurface profile boundaries; soil properties including unit
weight {y), friction angle (&) and cohesion (c); groundwater ieveils; and the analysis method to
be used. The soil properties and conditions used for these analyses are presented in Appendix
C. Slope stability analyses were performed using the modifled Bishop method to estimate
factors of safety for circular failure surfaces.

The SMU retaining wali and boulder-covered slope configurations evaiuaied as part of
the slope stability analyses were based on drainage and grading plans and fypical seclions
provided by MWH {2003b). The facing units of the SMU retaining wall were assumed to be
8 inches high and 18 inches deep. We varied the iocation, length, vertical spacing, and leng
term design strength (LTDS) of the geosynihetic reinforcing layers as part of our stability
evaiuations for the wall and slope.

Selection of Shear Strength Parameters. Sirength parameters (& and c) for backfill
and foundation materials were selecied for slope stability analyses based on the results of
labaratory direct shear fest performed on remolded samples of potential borrow and on driven
ring soil samples obtained from the field exploration program. Strength parameters for the SMU
retaining wall blocks were selected based on based on available product information and our
experighce on similar projects. The strength parameters used for atr siope stability analyses
are presented on the plotted output in Appendix C,

Groundwater Considerations. Groundwater and areas of wet scil were encounterad in
our explorations as discussed in this report. Factors of safety for the SMU retaining wall were
estimated assuming existing groundwater ievels are below the anticipated depth of excavation,
as encouniered in our field explorations. In evaluating factors of safety for the slopes of the
sedimentation basin, we assumed a water level elevation of 87 feet.

5.3.1.3 Summary of Slope Stability Resulfs

Selected output from the slope stability analyses are presented in Appendix C. The
analyses for static and pseudostatic loading conditions are presented for maximum sections
associated with the SMEJ retaining wa# and the sedimentation basin boulder-covered slope. A
discussion of the resulis is presented below.
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SMU Retaining Wall. Siope stability analyses were performed for the tallest section of
the SML retaining wall assuming a wall height (H) of 23 feet and a wall batter of 8v:1h. The
embedment depth at the base of the wall was assumed ito be 3 feet, resulting in a totai wall
height of 26 feet. We varied the location, length, vertical spacing, and L.TDS of the geosynthetic
reinforcing layers behind the retaining wall in evaluating slope stability to provide the minimum
factors of safety needed for slope stability: 1.5 for static Joading conditions and 1.1 for
pseudostatic loading conditions. Factors of safety were estimated assuming 18-foot long
geosynthetic reinforcing fayers (LTDS = 5800 pounds per foot) spaced at 4 feet verdically. The
first reinforcing layer was located at the same elevation as finish grade in front of the wail.

Slope stability analyses were performed for additional retaining wall sections with
smaller face heights in order to design the appropriate geosynthetic reinforcing. We used the
results of these analyses to develop the design recommendations included in this report. A
summary of our siability analyses for the SMLU retaining wali is provided in the table below,

Summary of Slope Stability Analyses for the SMU Retaining Wall

Walt Face G;eﬁgzri’i;gc Estimated Factor of Safety: Estimated Factor of Safety:
Height, H (ft} - Length, L (f Static Condition Peeudostatic Condition
23 18 1.5 1.2
15 12 15 1.2
15 g 1.6 1.1
1 8 1.8 1.1

" - Gaosynthetic relnforcing assumed to have vertical spacing of 4 faet and LTDS of 5,000 pounds per foot.

Sedimentation Basin Slopes. We performed slope stability analyses for a typical
section of the sedimentation basin siope assuming a slepe height of 8 feet and a slope
inclination of fv:1%h. Above a height of 8 feet, we assumed the ground would be graded to an
inclination of 1v:6h. We varied the location, length, vertical spacing, and LTDS of the
geosynthetic reinforcing layers within the slope in evaluating slope stability. The first reinforcing
layer was located at the same elevation as finish grade in front of the slope. We assumed that
the geosynthetic reinforcing layers were wrapped at the siope face. In addition, we neglected
the stabilizing influence of the boulder facing by not including the boulders in our analyses,

Factors of safety equal to approximately 1.6 and 1.2 for static and pseudestatic loading
conditions, respectively, were estimated for 11-foot long geosynthetic reinforcing layers (LTDS =
1,00C pounds per foot) spaced at 2 feet vertically. The groundwater leveis were assumed {o be
87 feet and 65 feet for the static and pseudostatic evaluations, respectively.
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5.4 GROUND LURCHING

Ground iurching occurs as the ground is accelerated during a seismic eveni. As
evidenced by the Loma Prieta, Landers, and recent Northridge eanhquakes, the effects of
ground lurching can damage buried pipelines. Ground lurching occurs die {o decollement or
detachment of underlying stratigraphic units, allowing near surface soils to move differentially
from underiying soils and from localized amplification and damping of seismic waves due fo
*basin effects”. Because the project area is in a historically seismic area and has variable
foundaticn soil conditions, the poiential exists for ground lurching to affect the proposed project;
however, to the best of our knowledge, we know of no methad to evaluate the location or
magnitude of potential ground lurching in the project area.

8.5 EXPANSIVE SOi.

Expansive soil generally consists of fine-grained soil of high plasticity (clay) that can
damage near-surface improvementis in response {o swelling associated with increased moisiure
content. The near surface soil conditions encountered at the site predominantly consist of
granular materials. 1 i our opinion that these scils have a low to very low polentiai for
expansion {Expansion Index less than 20) on the basis of classification provided in the Uniform
Building Code.

§6 TSUNAMIS AND SEICHES

Tsunamis, or long-pericd sea waves created due to seismic events or submarine
landsiides, have historically occurred in the project region. Tsunamis can range in height from a
few feet to greater than 5G feet (a recent earthquake off of Hokkaido Japan resuited in a
tsunami greater than 300 feet in height), and can result in run-ups, or bores, extending great
distances up streams, rivers, and creeks. The sife is located at an elevation ranging from
approximately sea level for the porlions of the pipeline that bound Morro Bay, to approximately
el. 80 feet above mean sea level (MSL.) at the treatment plant site, to approximately el. 200 feet
above MSL at the Breodersen effluent disposal site. Because the sand spit separates the
westemn edge of Morra Bay from the Pacific Ocean, the project area is not directly expesed to
wave attack from the open sea. It is our opinion that the greatest potential for tsunamis fo
impact the sife comes from inundation due to wave run up that could temnporarily impact water
levels in the bay.

According to Kilbourne and Muaichin (1980), the following historical tsunamis have
occurred in the project region:

5-4
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Historical Tsunami Run-up

Year Estimated Tsunami Estimated impact Estimated Tsunami Run-up
Gonoratien Location Leocation {meterafisat)

1868' Urknown Moo Bay Unkniown
1578° Unknown Marro Bay Urkncwm
1827 Local Pismo Beach 1.6 meters/5.8 fest
1845 Adeutian Trench San Luks Obispo Bay 1.2 - 1.5 meters/3.9 - 4.0 feet
18960 Chiie-Perut Trench Central Coast »1.0 meters/>3.2 fest
1564 Gulf of Ajaska Centrat Coasl =1.0 meters/>3.3 feet

' Speculative

2 Repartediy overiopped the sand spit that separates the bay from the cosan {SLO County 1959),

As noted in the above table, tsunamis generated from far-field sources have histaricaily
occurred in the project region. A study performed by Housten and Garcia (1978) estimated the
100-year and 500-year tsunami runups in the study area based upon far-field scurce generation
locations (such as the Aleutian or Chile-Peru Trenches). On the basis of their study, the
astimated tsunami runup along the CayucosMorro Bay coastline is up to approximately 9.5 feet
to 24.2 feet for the 100-year and 500-year events, respectively. Those runups were calculated
using astronomical high tides, and compare well with recorded tsunamis that have cccurred in
Crescent City and other iocations along the California coast. However, according to Kilbourne
and Mualchin, the worst case scenaric would occur if a isunami occurred during a
meteorclogical high tide (storm surge), which would add an estimated 15 feei fo the runup
values calcuiated by Houston and Garcia (1978}, Thus, with a worst case scenario, the
astimated tsunam: runup for the 100-year and 500-year would he approximately 25 and 40 feet,
respectively.

Houston and Garcia's {1978} study did not evaluate the {sunami runup potential
generated from local seismic events or local submarine landsédes. R is difficult to model the
tsunami runup magnitudes based on local events; however, it is thought that iocal events can
generate tsunamis of equal magnitudes as far-fieid fsunami sources (Kilboume and Mualchin
1680).

Some areas of the pipeline are below the estimated tsunami runup elevations for the 10-
-year and 500-year event. Tsunami runups should not result in adverse impacts {o the pipeline
in areas where it is buried and protected from scour, or impact -areas where the pipeline is
above the runup elevations. We would expect that there is a potential that locally the pipeline
couid be exposed and possibiy damaged as a result of erosion associated with tsunami runup.

5.7 S0IL ERQSION

The surface soiis encountered at the site consist predominantly of granular sand dune
deposits and alluvium that are generally susceptible to grosion. Erosion can occur as gullying in
areas of concentrated flows of runoff, or as rilling or mass wasting of siopes that are not
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protecied by vegetation. Soil erasion is apparent in many areas of the project site, inciuding
areas in and directly adjacent to the proposed Tri W site. Project improvements, and erosion
maintenance plans, can be designed to reduce the potential for soil erosion.
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5.8 LIQUEFACTION AND SEISMIC SETTLEMENT

We evaluated the potentiat for liquefaction and seismic settlement to impact the various
components of the project. For the purpose of our evaluation we considered the design basis
ground motion of approximately G.4g, and a corrgsponding earthquake magnitude of 6.8. The
analysis. was performed using procedures described in the 19?},_!@EER_gﬁidﬂlines*.for
performing liquefaction analyses using CPT data. Seismic sefflements were caiculated in
association with the liguefaction aRalysés, however, seismic seftlement can aisc occur in non-
liquefiable sof. Field data from the cument suppiemental field exploration and previous CPT
soundings were cbiained electrenically using an onboard-computerized data acquisition system:.
These data were then imported into a geographic information sysiem (GIS) to cenfigure the
digiial information, and analyze liquefaction potential using a programmed algorithin.

The results of the analyses are presented in Appendix D for various CPT data as a piot
of the CPT tip resistance, the calculated CPY resistance needed {0 resist liquefaction, and the
sleeve friction. The cumuiative volumetric strain/seismic settlement potential calcutated from
the data is also presented on the plots. The red line on the plots is the estimated CPT fip
resistance that is needed to resist liquefaction for the seismic conditions considered. A blue
zone between the red line and the CPT tip resistance indicates a zone of potentially liquefiable
soil. Seismic settlement is discussed in the subsequent section of this report.

Liquefaction is a ioss of soil strength due to a rapid increase in soil pore water pressures
due {0 cyclic loading during a seismic evert, In order for liguefaction to occur, thiee general
geotechnical characteristics are typically present 1) groundwater is present within the
jiquefiable zone; 2) the soil is granuiar. and 3} the sail is in a low to medium state of relative
densily. [f those criteria are met and those soils are subjected {o strong ground motiens, then
those soils may liquefy, depending upon the inteasity and cyclic nature of the strong ground
motion. Seismicaily induced settlement or coliapse can occur in soils that are leese, soft, or that
are moderately dense and weakly cementad, or in associagion with liquefaction.

Manifestations of liguefaction can ¢onsist of sand boils, loss of bearing capacity, tateral
spreads and slope instabilily, and differential and areal setliement. The severity of the
consequences of liquefaction is dependent on relative density of the soil and intensity and
duration of the ground motions; however, not all soils that liquefy experience the same degree
mobility or ground failure. For the purposes of this report, we evaluaied the potential for soils to
liquefy based on the previous data avaiiable and the supplemental field exploration.

5.8.1 San Simeon Earthquake

We reviewed selected areas of the project site on the afternoon following the December
22, 2003 magnitude 6.5 San Simeon Earihquake to observe whether or not there was gvidence
of liguefaction or other earthquake damage. The epicenter of the earthquake was located
approximately 25 miles north of the site, and is estimated to have resulted in a ground
acceleration of 0.18g in the project vicinity (U.S. Geologic Survey 2004). We visited the low-
lying areas of the collection system, Tri-W site, and pump station kocations.
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Evidence of liqusfaction appeared ic occur along the shorelines of Morro Bay and
Cuesta inlet. Liquefaction was manifested as sand gjecting around the pilings that support the
Baywood T-pier, numeroys sand boils and mud volcanoes on the shore of Marro Bay mainly
below the high-tide ling, and lateral spreads, pipes, and fissures along the shoreline of Cuesta
inlet. The liquefaction appeared io be constrained to near the shoreting, and did not visually
appear to have seriously impacted the adjacent roadways or infrastructure such as may have
been evidenced by cracks, fissures, or differential seitiement.

The liquefaction appears to have ocourred within a relatively shallow layer of loose sand
that was encountered in various expiorations. An example is CPT-406, advanced near 2™ and
El Morro in Baywood, near the T-pier. Loose sandy materials encountered to depths of
approximately 7 feet below the existing ground surface are estimated to be ligquefiable as shown
on CPTA06 in Appendix O, Plate D-6. The depth of the potentially liguefiable materiais
indicated by the blue zcne on Plate D-8, corresponds fo the elevation where sand bails and mud
volcanoes were observed along the shoreline near and beyond the T-pier. M is this general -
depth of [pose sand soif that is commonly observed in the explorations, and has the greatest
potential for liquefaction. We did not observe evidence of liguefaction or differential seismic
settlement at the higher elevations of the project such as at the Tri-W, Broderson, effiuent
disposat sites, nor at the pump station sites that are typically located away from the shoreline.

The manifestation and damage that can be associated with liquefaction is strongly
dependent on the duration of the ground motion, Larger magnitude earthquakes typically resutt
in longer periods of shaking. Earthquakes that occur closer to a site generally result in higher
ground motions than a similar magnitude earthguake that could occur away from the site. The
design basis earthquake is of similar magnitude 1o the San Simeon Earthgquake (M5.8 vs. M6.5)
and has higher ground motion (0.4g vs. 0.18g).

5.8.2 Plpeting Network

Liquefaction can result in ground mobility that impacts pipeiine grades, or results in
pipelines floating out of the ground in areas of liquefactioh. The collection system will consist of
approximately 40 miles of pipeline that will essentially be construcied over the Los Osos,
Cuesta-by-the-Sea and Baywood communities. The sods encouniered wihin the pipeline
network vary from soils having a relatively high potential for liqguefaction, to soils having a
relatively fow potential for fiquefaction. The potentially liquefiable soils were typically
encountered in areas that are either low in elevation or refative topographic relief, such as the
shoreline areas along Morro Bay and interdunal depressions along Moerre Avenue, Paso Robles
Avenue, Santa Ynez Avenue, and Ramona Avenue-iditchell Drive. These areas are typically
characterized as being underlain by relatively loose sand and shailow groundwater. The
potentiaily liquafiable sand is typically less than 10 feet thick. '

The estimated seismic¢ settlement that could ocour during the design basis earthguake js
estimated to be approximately 1 inch, with a range of negligible setflement to about 1-1/2 inches
of settlement. Loose sand blankets the upper 5 to 10 feei of the site over most of the collection
system area. Soils having a low potentiaj for liguefaction were generally encountered in the
higher elevations of the site, such as the predominant dune ridges along Pismo Avenue, eastern
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Santa Maria-El Morro Avenue, and in the Broderson-Skyline Avenue area. These areas are
typically characierized as being underlain by relatively dense sand, and/or areas where
groundwater is deep relative to the planned depth of the pipe.

5.8.3 Pump Stations and Standby Power Bulldings

The pump stations and standby power buildings are generaily located in areas of
relatively low relief, and commionly in areas of relatively shailow groundwater. As discussed in
the previous section of this report, these low-lying sites {although necessary for collection) are
the most vulnerable to liguefaction and seismic settlement. CPT logs 403407, 409, and 411-
413 in Appendix D present the liquefaction analyses for various pump station and pocket pump
station areas. The locations of the soundings are shown on Plates 2a. The liquefaction
potential at the pump station sites is mainiy dependent on the relative density of the sand, the
greundwater elevation, and whether or not potestially liquefiable dune sand near the ground
surface can be removed relatively easily during the site grading. We estimate that the soil
within approximately 5 to 7 feet of the ground surface in selected pump station and power
building areas is susceptible to seismic settlement and liguefaction. We have provided grading
recommendations in the report to remove the more loose and potentially liquefiable soil within
the pump station areas, and thereby reduce the potential for seismic settlement and liguefaction
to impact the structures.

The wet wells and vauits for the pump station are located beiow the depth of the loose
sand encountered. The recommended grading should help fo limit differentiat settlement
between the deeper vauils and wet wells, and the adjacent buildings. We estimate that without
grading the foundation support soil for the planned buiidings coidd be vulnerabie to 1 to 2 inches
of seismic settlement, and a loss of foundation support that could result in additional setilement
of the structures. The grading recommendations of this report are intended to limit seismic
seitiement to less than 1 inch below the siructures, and maintain foundation support far the
structure during the design basis earthguake.

584 Tri-W Treatment Plant Site

The Tri-W site is underlain by a variable thickness of relatively loose to medium dense
sand dune deposils that overlie relative dense sand of the Pasc Robles Formation {age-
equivalent). The groundwater table was generally encountered within the denser sand and
below the base of the dune sand deposits. The denser sand within the Paso Robles Formation
is estimated to have a relatively low potential for seismic settlement and liguefaction. According
to the recommendations of this report, the overlying loose dune sand should be removed from
the planned building and plant equipmeni areas as part of the construction and be replaced with
compacted il having a low petential for liguefaction and seismic seftiement.
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5.8.5 Effluent Bisposal Systems

5.8.5.1 Broderson Site

The effluent disposai system at Broderson will be located on a relatively gently sioping
hillside approximately 1,200 feet south of Highland Avenue. Approximately 800,000 gallons per
day of freated effluent will be disposed of at this site using a buried percolation line irench
system. The existing depih to groundwater is greater than 100 feet below the existing ground
surface, and except for the near-surface loose dune sand deposits the deeper soills encountered
beneath the site are generally dense and not susceptible to liquefaction or seismic settlement,
The near-surface loose dune would be considered potentially liquefiable in the event that they
were saturated at the time of an earthquake; however, the groundwater dapths will not be
permitted to rise within 20 feet of the ground surface af the site. The resulis of the liquefaction
analyses performed for the Broderson site are summarized on CPT logs CPT-01 through CPT-
17 in Appendix D.

The hydrogeologic conditions and estimated mounding of the groundwater tabie
associated with the disposal of effluent at the site is characterized by Cleath and Associaies
(20G0). Af the Broderson sife, the mounding should net result in the groundwater level being
any closer than 20 feet below the ground surface immediately below the percoiaticn trenches.
The upper perched mounding occurs on a layer referred to as Horizon A, and offsite the
perched mounding pinches jusi narth of Highland Avenue. The mounding on the lower water
surface is estimated to rise within approximately 40 io 50 feet of the exisiing greund surface
within the offsite area betwean Highland Avenue and Los Csos Valley Road. North of LOVR
the mounding is estimated to be within appraximately 10 feet or tess of the existing groundwater
jevel. For the purpose of our evaluation, we assumed a groundwater depth of 20 feet below the
existing ground surface, except where groundwater was encountered shallower than 2( feet in
the Cuesta-by-Sea vicinity near Morro Bay. Harvest wells will be used to limit mounding in
areas where the groundwater is already relatively shallow north of Los Osos Valley Road.

CPT explorations were advanced 1o depths of approximately 60 feet beiow the existing
ground surface at and in the vicinity of the Broderson site. Mefcalf & Eddy (1995) advanced
borings with standard penetration testing (SPT) to depths of up o approximately 160 feet below
the existing ground surface. The CPT and SPT resistance indicate that the soils encountered
below the dune sand to the existing greundwater {able is predominately dense to very dense
sand. Dense to very dense sand matenals are generally not vulnerable to liquefaction or
seismic seitiement as a result of their refatively high siate of density. There is therefore a fow
potential for liquefaction to occur within the anticipated depths of mounding.

Previous studies by Fugro (1996), CFS (2000b), and Cleath and Associates (2000)
discussed the potential for liguefaction t¢ occur in association with the effluent disposal al
Broderson. The main differences belween the current and previcus evaluations are
summarized as follows:

< Fugro (1996) was a preliminary study based on alder CPT procedures that identified
general soil fypes (loose to medium dense sand) that may be vulnerable to
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figuefaction. The study identified that relatively thin and discontinuous finer grained
soil units and sand at various depihs as potentially liquefiable in the event that they
were saturaied af the fime of an earthquake. These iayers were further analyzed
using the mare current NCEER (1897) procedures as part of the current study. The
current analyses indicate that the soils have a jow potential for liquefaction based on
updated CPT procedures that inclide corrections for material type.

< CFS (2000h) studies were preliminary studies based on conservatively comparing
the CPT resistance needed o resist liguefaction in clean sands to equivalent SPT
blow-counts estimated from the CPT data. This study was limited and not intended
to serve as a finai analysis or assessment of liguefaction, but {o provide a general
comparison that the project could have on liquefaction potential relative to existing
conditions. CFS {2000b} preliminarily estimated that there was a polentiai for
liquefaction to occur within a discontinuous layer of finer-grained material
encountered at 25 feet or more in various CPT soundings. The curreni analyses
performed far this study were based on NCEER (1997) methods for CPT analyses.
Simitar sesulis were cbiained for dense clean sandy materials analyzed by CFS.
Further analysis of the finer grained soil that were not specificaily analyzed by CFS
indicate the fine grained sgit units also have a low potential for figuefaction.

% Cleath and Associates (2000) estimated the depth of mounding due to effluent
disposal at Broderson and concluded that there was a potential for liquefaction {o
occur at Broderson and offsite based on the previous preliminary studies. As
discussed above, there is a low potential for liquefaction to occur at the site or within
the offsite areas downslope of Broderson as a result of the effluent disposal. There
is essentially no change in the potential for liquefaction or seismic settlement fo
occur within the soils encountered as a resuli of the effluent disposal system and
estimated mounding at Broderson.

5.8.5.2 Pismo and Santa Maria Sites

The Pisino and Sania Maria sites are located on dune ridges along Pisme Avenue and
Santa Maria Avenue, respectively (see Plates 2a). The resuits of the liquefaction analyses
performed for the Santa Maria site are summarized ont CPT logs CPT-401 through CPT-403 in
Appendix D. The resuilts of the liguefaction analyses performed for the Pismo site are
summarized on CPT logs CPT-408 and CPT-410 in Appendix D. The solls encountered at
these siles are relatively dense dune sand that has a low potential for liguefaction to depth of
greater than 50 feet below the existing ground surface.

Relatively loose soit deposits and high groundwater conditions currently exist in the fow-
lying interdunal areas. As discussed for the pipeline network, these interdunal low-lying areas
have a potential for liguefaction and seismic setilement in response 1o earthquake loading
hased on existing subsurace conditions and design basis earthguake, The dune ridges are
underlain by dense soil and have a low potential for liquefaciion. As the groundwater levels will
be similar to exisling cenditions in the inferdunal areas following construction, there is no net
change in liquefaciicn potential expected.

511

i



BRO
Geotechnical Report for Los Osos Wastewaiter Project
March 9, 2004 (Momtgomery Watson Harza)

8. CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations of this report are based on the resuiis of our
exploration and tesiing programs, and on our understanding of the project. We have provided
the following opinions and recommendations for the design of the collection systems, pump and
lift stations, effluent disposal system, and wastewater ireatment plant.

6.1 SUMMARY OF FINDINGS

% The soil conditions encountered predeminantly consist of icose ic medium dense
dune sand overlying denser sand with interbedded silty sand and clay of the Paso
Robles Formation.  Alluvium and estuaring deposits were encountered in somg
areas of the site near Morro Bay. Groundwater depths range from at or near the
ground surface, to having net been encouniered fo depths in excess of B0 feet.

<+ Porions of the sand dune deposits, when placed according to the recommendations
of this report are considered suitable for pipe bedding, pipe zone and trench backfill
material.

4 High groundwater conditions wiil likely reguire that portions of the pipeline french be
dewatered, and the trench subgrade be stabilized with gravei to allow for excavation
and placement of the pipe and backfill materiais. Dewatering in shallow groundwater
areas should be performed in advance of the trench excavation, or be performed in

. association with continuous tight shoring systems {such as sheet piles) to maintain
stable slope and subgrade conditions during excavation.

)
e

The dune sand and alluvium consist of loose granular soil; mostly sand {SP, SM).
The sandy soils will not stand vertically, nor should he considered stable when cut
vertically. Temporary construction slepes will need to be either flatiened 1o a stable
slepe inclination or shored to allow for the pipeline construction.

“Dragging a shield" is a common method of providing worker safety during trenching
and pipe consfruction. However, unless specific provisions to emplace the shield
tight against the sidewalls, a shield provides no support for the trench sidewalls and
should not be considered a shoring system. Relatively deep trenching wili be
needed fo construct the sewer collection system pipeline. Even moderate caving in
deep trenches can result in cracking of adjacent pavement to several feet or more
beyond the sawcut line. The contractor wili likely need {0 provide continuous metal,
plywoed, or fimber, sheeting, or jackable shiekls, 1o support vertical trench walls, and
avoid damage to adjacent structures, utilities, and pavement. Trench walls lacking
adequate support could experience trench wall instability or movements that could
damage adjacent pavemenis, ulilities, or structures.

o

+ Site preparation for the treatment plant should consist of removing loose dune sand
materials from foundation areas, and replacing those materals as compacted il
Relatively deep, up io 10-foot, excavations could be needed to remove the loose
material from the pianned building areas.
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+ The treatment plant facilities can be supperied on shaliow foundation systems
bearing in the compacted fili. Buried portions of the structure should be designed to
resist lateral earth pressures.

<

Pump stations will likely be instailed in sandy soil conditions below the groundwater
iable. Dewatering or wet construction techniguas will be needed to allow for the
pump station construction, Installation methods can likely consist of shoring and
dewatering a temporary excavation around the pump station wells, or sinking the
wells using caisson type construction. Caisson type construction typically consists of
excavating soil from the center of the welt allowing its outer casing to sink intc the
ground. A seal course is then placed in the base of the excavation to resist
bucyancy forces associated with high groundwater conditions prior to dewatering.

< The effluent disposal system can consist of percolation lines and drywells as
planned. The planned effluent disposal sites are underlain by relatively well-drain
dune sand deposits. Prototype testing was performed at the site as basis of
recommending suitablie application rates for ihe design of the effiuent disposal
system.

% The site is in a seismically active area of California. The plant should be desighed to
at least the minimum building code requirements of Seismic Zone 4. The site is
located near the Los Osos Fault that is considered active, and capabig of generating
at least a magnitude 6.8 earthquake. Seismic response spectra and probabilistic
seismic hazard analyses have been prepared to assist in the design of the project.

< The main geologic hazard that could impact the project is liquefaction and strang
ground motion resulting from near-by or regional earthquakes. Evidence of
liquefaction was observed along the shoreline of Merre Bay adjacent to the site
foliowing the December 2003 San Simeon Earthquake. The estimated potential for
liguefaction is mainly iimited to areas near the shoreline of Morra Bay or low-lying
areas of the site that are underlain by loose dune sand and shallow groundwater. We
have recommended site preparation and grading recommendations that should limit
the impact of liquefaction and associated seisimic seftlement on pump station and
standby power buiiding areas.

6.2 GRADING - GENERAL
§.2.1 Grading

Fi# placement and grading operations should he performed according to the grading
recommendations of this report. We recommend that, unless otherwise noted, fill and backiill
materials be compacted to at least 80 percent relative compaction, as determined by the latest
approved edition of ASTM Test Method D1557, unless a higher degree of compaction is
otherwise recommended.
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6.2.2 Suggested Material Specifications

The following materiats are referenced in various sections of this report. Additional
recommendations for trench backfill materials, and other componenis of the project, are
presented in the sections that folfow.

' Aggregate base shall consist of imporied material conforming {o Caltrans Standard
Specifications for Class 2 aggregate base, Section 26-1.02A, Class 3 material that incorporates
reclaimed or recycled materials can also be used as aggregate base, provided the Class 3
material complies with the gradation and quality requirements for Class 2 material.

Asphalt concrete shall conform 1o Caltrans Standard Specifications for Type B asphalt
concrate, Section 39,

Coarse sand fo be placed below Floor Slabs shall consist of imported granular
material canforming to ASTM C-33, and shall have no mare than 5 percent material passing the
passing the No. 100 sieve.

Drainage material shall conform to Caitrans Standard Specifications for Class 2
Permeable Material, Section 68-1.0285; or Caltrans Class 1 permeable material, or ASTM C-33
Nc. 8 coarse aggregate (pea gravel) provided the materials are enclosed in a filier fabric. As an
alternative, prefabricated geocomposite drainage paneis, such as Miradrain can be placed
behind retaining walls.

Brainrock for drywelis shall consist of imported crushed rock or gravel, comprised of
hard, durable particles that are free of staking or decomposition under the acticn of alternate
wetling or drying cycles. Drainrock shaff have & durability index of at least 40 when tested
according to California Test 229, The material shali be uniformiy graded and meet the gradation
requirements of ASTM C-33 Ne. 8 Coarse Aggregate.

Drainrock for percolation lines shall consist of imported crushed rock or gravel,
comptised of hard, durabie particles that are free of slaking or decomposition under the action of
alternate wetting or drying cycles. Drainrock shall have a durability index of at least 40 when
tested according to California Test 229. The material shail be uniformiy graded and meet the
following gradation requirements:

Sieve Site Sieve Opening Percent Passing
{mm)
2in. 50 100
1%in. 375 20 -100
1in. 25 30-70
¥ain. 19 0-15
No. 4 4.75 0-5
No. 200 0.075 2
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Geotextile for separation (filter fabric} shall consist of nonwoven geclextile that
conforms {o the requirements ouilined in the Caltrans Stahdard Specifications for Filter Fabric-
underdrainsg, Section 88-1.03.

Geotextile for subgrade stabilization shall conform to the requirements outlined in
Caltrans Standard Specifications far Rock Slope Protection Fabiic - Type B, Section 88-1.04.

Geosynthetic reinforcement shalt consist of either geogrid or geotextiie designed for
use in subsuiface gectechnical slope reinforcement appiicalions. Geosynthetic shall meet the
following requirements;

1. The Long Term Design Strength {LTDS) of geosynthetic to be placed behind
segmental masonry unit wails shall equal or exceed 5,000 pounds per foot in the
primary strength direction. The LTDS of geosynthetic to be placed in conjunction
with 1.5h:1tv geosynthetic reinforced slope shall equal or exceed 1,006 pounds per
foot in the primary sirength direction. The Geosynthetic Research Enstitute (GRI)
Siandard Practices GG4 and GT7 sha# determine the LTDS for geogrid and
geotextiie reinforcements, respectively.

2. In the absence of specific test data, the partial factors of safety default values for
installation damage, creep deformation, chemical’ degradation, biologicat
degradation, and joint strength as shown en GRI GG4 and GT7, shall apply.

3. Geosynthetic reinforcement shall be resistant to ultraviolet degradation, to naturally
occutring alkaline and acid seils conditions, and to attack by bacteria.

4, Cerificates of compiiance, a minimum 6-inch square sample, and documentation of
the LTDS shail be provided for review by the geotechnical engineer prior to the
material being brought to the site.

Geocomposite drain shall consist of a manufactured plastic core not less than 8
millimeters thick with both sides covered with a layer of filter fabric that wiill provide a continuous
drainage void in the horizental and vertical directions. Geocomposite draint placed behind
retaining walls shall have an impermeable backing. Geccompasiie drain to be embedded in the
ground shall be double-sided with filter fabric covering both sides of the drainage void,

The drain shall produce a flow rate through the drainage void of at least 10 gallons per
minite per foot of width at a hydrauiic gradient of 1.0 under a maximum externally applied
pressure of 2,000 psf. The core materials and filter fabric shall be capable of maintaining the
drainage void for the entire height of the geccomposite drain. Filter fabric sha# be integrally
beonded io the core materials wiih the drainage void. Core material manufactured from
impermeable plastic sheets having non-connecting corrugations shall not be permitted.

The fabric shall overiap a minimum of 6 inches at ail joints and wrap around the exterior
edges aof the drain a minimum of 8 inches beyaond the edge. If additional fabric is needed to
provide overlaps at joints and to wrap around the edges of core material, the added fabric shali
averiap the fabric on the geccomposite drain at least 6 inches and be attached thereto,
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Should the fabric on the geocomposite drain be tom or punctured: 1) the damaged
section shall be replaced completely if damage is done to the core material, or 2} if the core
material is not damaged than the repair can be perfoermed by placing a piece of fabric that s
large enough to cover the damaged area and provide a 1-foot overlap.

imported fili materiat brought 1o the site shall be free of organics, oversize rock (that is
over 3 inches in diameter), trash, debris, carrosive, and other deleterious materials. Imported
materials shall comply with all specified material requirements for the area where the material is
being placed. Imported materials used in buikling areas shaill have an Expansion Index of less
than 20. Imported soil o be used as bedding, pipe zone, or trench backiill material shall comply
with applicable recommendations ¢f this report. Imporied material to be placed within 3 feet of
finished grade in pavement areas shall have an R-value of at least 40 as determined by
California Test 301. Imported fill should be reviewed by the geotechnicat engineer prior to being
brought to the site; however, imported fili materials shalt comply with ali specifications for that
material as placed at the site,

Pipe zone material shall consist of onsite or imported soil having a sand equivalent (SE
per ASTM 2419) of at jeast 30 and conforming to Section 18-3.0258, Sand Bedding, of ihe
Caltrans Standard Speciications.

Pipe rone bedding material shall consist of compacted in situ sand or imposted
material having a sand equivatent of at least 30, and conforming to Section 19-3,0258, Sand
Bedding, of the Caltrans Standard Specifications.

Pipe zone bedding material - gravel for trench bottom stabilization shall consist of
material conforming to either:

< Caltrans Section 26-1.02A, Class 2 aggregate base, ¥4-inch or 1-% inch (12 mm or
37.5 mm} gradation, R-vaiue requirements are waived,

+ Caltrans Section 90-3.02, Coarse Aggregate Grading; or
% ASTM C-33 No. 8 Coarse Aggregate.

Retaining wall backfilt material shall consist of either cn-site or imporied materiai
conforming {o Caltrans Standard Specifications for Structure Backfill, Section 19-3.06, and
having a sand eguivalent (SE) of at least 30,

Trench backfill shall consist of imported or onsite material that is free of arganics,
debris, oversized material greater than 3 inches, and oiher deieterious materals. Trench
backfill material shall have at least 85 percent of the -material passing the 1.5, Standarsd No. 4
sieve, andfor comply with the applicable reguirements for the area where the trench backiill is
being placed (such as the pavement structural section),
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6.2.3 Clearing and Grubbing

Prior to commencing grading operations in building or roadway areas that will receive
compacted fill or structures, soil containing debris, organics, pavement, Uncompacted fill, or
other unsuitable materiats, should be removed. Demolition areas should be cleared of ald
foundations, slabs, abandoned utifities, and soails disturbed during the demofition process.
Depressions or disturbed areas left from the removal of such materiai should be replaced with
compacted fill.

8.2.4 Fill Placement

The fill should be placed and compacted to at least the minimum relative compaction
recommended in this reperf. The moisture content of the fill shouid be between 2 percent below
to 2 perceni above the optimum. Each layer shouid be spread evenly and should be thoroughly
blade-mixed during the spreading fo provide relative uniformity of material within each layer.
Soft or yielding materials should be removed and be replaced with properly compacted fill
material, prior 1o placing the next layer, We recommend that fili materiais placed in building or
pavement areas be mechanicatly compacted. Ponding or jetting should only be permitted for the
pipeting construction when approved by the Engineer, and should nat be used as method of fill
placement or compaction in building areas.

Rock, gravel and other oversized material, greater than 4 inches in diameter, should be
removed from the fill material being placed. Rocks shouwld not be nested and voids shouid be
filled with compacted material.

When the moisture content of the fill material is below that sufficient to achieve the
recommended compaction, water should be added fo the fill. While water is being added, ihe
soil shouid be bladed and mixed to provide a relatively uniform moisture content throughout the
material, When the moisture content of the fitt materiat is excessive, the fill material should be
aerated by blading or other methods. Fill should be spread in lifts no thicker than approximately
B inches prior to being compacted. Fill and backfill materials may need o be placed in thinner
lifts to achieve the recommended compaction with the equipment being used.

We recommend that prior to piacing fill materiais, that the existing soils be removed fo a
depth of at ieast 2 feet below the existing greund surface. Where fill materials are to be placed
on stopes steeper than 4:1, the fill should be keyed and benched into the slope. The base of the
il shouid initiate from & base key centered-at the toe of the slope. The base key should be
excavaled at least 2 feet below the existing ground surface, or to relatively firm material. The
width of the base key should be at teast 10 feet, and extend at ieast 5 feet beyond the toe of the
slope. Subsequent benches should extend into at least firm to hard soil and remove the upper 2
feet of the existing solls. The base key and subsequent benches should be sloped at 2 percent
into the hillside.

6-6
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6.3 SEISMIC CONSIDERATIONS

The geociogic hazards assessment for the project is summarized in Seciion § of this
report, The following seismic considerations provide information needed to design the facility,

6.3.1 Seismic Data

The site is within Seismic Zone 4 based on the 2001 Califoryia Building Code and 1897
Uniform Building Code. On the basis of our characlerization of the site seismicity, we
recommend that the following values be used for seismic design;

Summnary of Seismic Data

unfom BuldmaCode | soamic aamoter | Voo for Buldine
16-i ' Seismic Zone Factor {Z) 0.40
16-4 Snil Profite Type {Sp}, SHIf Soit
16-Q Seismic Coefficient (C.} 044N,
18-R Seismic Coefident {C.} 0.64N,
16-5 Near Source Faclor {N,} 1.3°
16-T Near Sourea Factor (N} 16

"Los Osos fault is mapped approximately 1 km south of treatment plant site. Near
source factor of 1.1 can be used if criteria listed in code Section 1629.4.2 are met.

6.3.2 Liquefaction and Seismic Settlement

The potential for liguefaction or seismic setllement to impact the project is discussed in
Section £.8 of this report. We expect that there is a low potential for liquefaction to impact the
{reatment plant areas, provided the recommended site grading is perfermed. Estimates of
seismic sefflement are provided in the foundation design sections of this report. The effluent
disposal sites are generally underlain by relatively dense dune sand and Pasc Robies
Formation that extend below the groundwater table, and are not considered susceptible to
liquefaction.

Liguefaction could impact the pump station and pipeiline areas. We have recommended
site preparation and grading that wili reduce the potential for liquefaction and seismic seftiement
to impact the pump station areas. White liquefaction hazards are typically not mitigated as part
of the design and construction of a pipefine project, the potential hazards associated with
liguefaction can be addressed in emergency respense planning, sometimes referred to as “soft
fixes". Soft fixes typically consist of having a pian in-place to address the hazards, such as can
be achieved by storing supplies and equipment associated with the pipeline that can be difficult
to obtain or have long lead times,
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£§.3.3 Fault Rupture Hazards

There is a low potential for Tault rupture to impact the project. The wastewater treatment
site is not within an Alquist-Priolo Fault Hazard Zone, or an area of any known mapped fauits or
fault trace.

A segment of the Los Osos faull referred to as “Sirand B" was inferred to pass through
the community of Los Osos, generally aleng the alignment of Ferrell Avenue (PWR 1988,
Asquith 1997} Recent studies by Cleath and Associates (2003a , 2003b, 2003c¢) did not find
evidence of the faull, and suggest that the inferred anomaly is not associated with fauiting but
with shallow perched groundwailer layers that are present in the vicinity of the previously
mapped fault. There is therefore a low potential for fault rupture to impact the site.
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6.4 PIPELINE NETWCORK
6.4.1 Backfill Considerations

Engineering fil material for the pipeline network will consist of bedding materiat, pipe
zone maderial, and trench backfill material. The MVWH nomenclature for the zones within the
pipeiine trenches are as follows: 1) the pipe zone is the cross section area of the trench
extending from the trench subgrade {o 12 inches above the top of pipe, 2) the bedding zone is
defined as pipe zone material extending from the french subgrade to the bafiom of pipe; 3) the
embedment zone is defined as the cross sectional area exiending from the {op of the bedding to
the itop of the pipe; and 4) the trench backfil zone is defined as the cross sectional area of the
pipeling trench extending from the top of the pipe zone to the bottorn of the structural pavement
sections of the top of the trench excavation where the trench is cuiside pavement areas. The
zones within the pipeline trench are shown on Plate 9 - Schematic Trench Diagram. Suggested
material specifications for bedding, pipe zone and trench backfili are provided in the previous
section of {his report.

6.4.2 iise of On-site Materizals

Select fill materials for the pipeline network will consist of bedding, pipe zone, and trench
backfiif material. On the basis of our iaboratory tests and field explorations, our opinion is that
dure sand (Qs) material consisting of poorly graded sand (SP} will likely be suitable for use as
pipe zohe, bedding, and french backfill material. Soils classified as pooriy graded sand with silt
(SP-SM) shouid be considered to have marginal suitability; however, the tests results for most
of the samples with this classification complied with the recommended criteria for select backfill
materials. We expect that soils classified as silt (ML), sandy silt (ML), siliy sand (SM}, sancdy
clay {CL}, and cltay (CL/CH) and maierials encountered below the groundwater table will not be
suitable for use as bedding and pipe zone material.

The majority of the site is underlain by dune samd. After the surficial topsoilf and artifictal
fill materials are stripped away, the majority of underlying dune should generally consists of
sandy material that can be used in the pipeline's construction. The limits of suitable and non-
suitable bedding and pipe zone material should be evaluated during construction based on the
soil conditions encountered at that time. On-site material to be used as pipe zone and pipe
zone bhedding material shouid be tested for compliance with the suggested materials
specifications of this report (generally consisting of sandy material having a sand equivalent
greater than 30). If on-site soils are to be used as bedding and pipe zone material, the
contractor will likely need to exercise care during excavation such that potendially suitable
materials are not contaminated or mixed with the overlying or interbedded finer grained soils.
On the basis of our fieid explorations and laboratary testing, it is our opinion that approximately
80 to 90 percent of the dune sand deposits encountered below a depth of 5 feet will generally
comply with our recommendations for bedding and pipe zone material,

On the basis of our field expioration, areas of on-gite materials will likely be encountered
during construction that are wet and/or have a moisture content unsuitable for compaction, as-
excavated. The estimated “depth fo first groundwater” as encountered at various excavations

6-9
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and periods between 1997 and 2003 is shown on Plate 8¢, Where the iwert exdends near ar
below the groundwater tevel shown, we anticipate that the moisture content of the excavated
scii may not be suitable for compaction. Materials that are wet of optimum as-excavated, but
are otherwise suitable material, can lkely be aerated or dried fo a2 iower moisture content
suitable for compaction and then be used as french backfifi material or pipe zone material. it is
our experience in the project area, however, that pericds or wet or foggy weather can occur that
make drying of soil materials relatively difficull.  Wet soil will likely need to be hauled and
stackpiled off site, spread and disked o aerate the material, and then hauled back onsite o be
placed as backfill onge the material has been dried.

6.4.3 Foundation Support and Trench Bottom Stabilization

Where soft, wet, or yvielding subgrade material is encouniered, it is recommended that
the soils exposed in the battom of the trench be stabilized prior to placement of bedding
material. The french subgrade should be siabilized to a firm and unyielding condition that will
alow for the recommended compaction to be provided in the bedding, pipe zone, and trench
backfill materials. Stabilization of the subgrade typically consists of removing a portion of the
subgrade and replacing it with a thicker layer of gravet bedding material. Where the base of the
trench has been disturbed or is not properly dewatered, the contractor should be responsible for
removing the distuzrbed materiat and replacing it with compacted i, The contractor may elect to
scarify and compact the exposed subgrade of the trench to assist in achieving compaction in the
bedding, if they choose.

To provide for stabilization of the subgrade, we recommend that the project
specifications provide for review of the pipe subgrade conditions at the time of construction, and
aliowances for increasing the quantity of trench excavation and bedding thickness below the
pipe at the coniract unit rates, if needed, to help siabilize the foundation support soils below the
trench.

Where sofi, wei, or yielding soll condidions are encountered at the bottom of the {rench,
we prefiminarily recommend that the trench be stabilized with ai least 12 inches of gravel
bedding materiai. Gravel bedding should conform {o the material recommendations presented
in this report. Where open-graded materials are used for bedding and stabilization (such as pea
gravel), the gravel should be encased in a geotextile to reduce the potential for the adjacent
sandy sail o migrate into the trench. The actual thickness of gravel should be evaluated based
on the subgrade conditions encountered and bedding material used during the construction,
The graveil used in stabilization of the subgrade can be included in the recommended bedding
thickness below the pipe. A cushion of sand bedding can be provided over the gravel and
geotextile, if needed, to help set the pipe.

We expect that stabilization of the pipe subgrade will mainly be needed where the
bottom of the trench is near or below the groundwater table. Preliminarily, areas of wet
subgrade conditions can be estimated areas by comparing the estimated boltom of the trench to
the groundwater depths encountered in our explorations, as depicied on Plate 8c. The dune
sand is typically wet and can be saturated to a heighi of approximately 2 feet above the static
groundwater level. We recommend that the project specifications provide for stabilizing the
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trench subgrade in areas where wet soil or groundwater could be encountered du-ring
excavatian, but allow for those limits to be revised based on the conditions encountered at the
time of construction.

6.4.4 Pipe Zone Bedding Material

Bedding is seiact material placed between the trench subgrade and the bottom of the
pipe, The bottom of the trench should be stabilized in association with the placement of
bedding materiais according to the recommendations of the previous section. Bedding material
can consist of imported sand, gravei, crushed aggregate, or excavated on-site material having a
sand equivatent of at least 30 and conforming to the suggesied materials specification of this
report. VWhere open graded gravel materials are used as bedding, a geotextile for separation
should be provided around the bedding material to reduce the potentiat for the native sail to pipe
into the bedding material. Where gravel is placed to stabilize the subgrade below the pipe, the
gravel should be cantinued up to the springiine of the pipe as shown on Plate 9.

The bedding thickness belaw the pipe should be at least 8 inches or ane third of the pipe
diameter, whichever is greater. Where the in-situ materials below the bottom of pipe meet the
recommended material requirements for pipe zone bedding, the bedding material can he
omitted provided the trench subgrade is prepared and compacted as recommended beiow.
Bedding materials should be compacted to at least 90 percent relative compaction, prior o
placing the pipe or the pipe zone materials.

Where the in-situ material within § inches of the beltom of the pipe meets the
recommended material requirements for bedding, bedding can consist of scarifying the exisiing
soil, and compacting the in-situ material in-place to at least 90 percent relative compaction. The
depth of compaction should extend to at least 9 inches below the bottom of the pipe. The
purpose af scarifying the subgrade is to evaluate if there are rocks or deteterious objects within
the bedding thickness. Care should be taken that scarification or disturbance of the soil does
not occur befow B inches or the depth of compaction. Excavation of the prepared bedding
should be provided below the bell of the pipe such that the entire pipe is supported and in firm
contact with the bedding. Additional material meeting the requirements for pipe bedding can be
used to fill depressions left from trench excavation or compaction, if needed.

6.4.5 Pipe Zone Material

Pipe zone material placed above the bedding to af least 12 inches above the top of the
pipe shouid be compacted to at least 90 percent relative compaction prior 1o placing trench
backfill. Compaction within the pipe 2zone should be performed such that the pipe is fully
supported, and such that excessive deformation or damage to the pipe does not occur. Material
sheuld be hand shoveled and sliced below the haunches of the pipe during placement 1o
provide support for the pipe and assist with compaction.
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6.4.6 Trench Backfill

Trench backfill is material placed above the pipe zone material and below the ground
surface, finished grade, or pavement structural section. Trench backfiff should consist of
excavated on-site soil that conforms to the suggested material speciication of this report, or
imporied materiad that is free of organics, debris and other deletericus materials. Trench backiill
should be compacted o at least 90 percent relative compaction, except in roadway areas where
trench backfill placed within 3 feet of finish grade of the pavement surface shoulci ke compacted
to at least 95 percent relative compaction.

6.4.7 Backfill and Compaction

Fill pilacement and grading operations should be performed according to the grading
recommendations of this report. We recommend that fill materials be compacted fo at least 80
percert relative compaction, as determined by the latest approved edition of ASTM D1557,
uniess a higher degree of compaction is otherwise recommended. We recommend the following
minimum relative compaction be provided for the locations indicated:

Location Recommendad Minimum
Relative Compaction

General 20 % U.ON.
Pipe Zone and Bedding 0% U.ON,
Trench backfll in pon-pavement areas or placed grealer than 3 ' S0 % U.ON

et below finished grade in pavement areas et
Trench backii placed within 3 feet of finished grade in o5 9%
pavernent areas

Aggregate Bage or Subbase 95 %
Asphait Concrete 95 %

Buileing Areas 95 %

U.C.N, = unfess otherwise noted

6.4.7.1 Mechanical Compaction

The backfilf should be placed and compacted to at ieast the minimum reiative
compaction recommended in this report, as detenmined by Standard Test Method ASTM D1557.
Each layer should be spread evenly and shiould be thoroughly blade-mixed during the spreading
to provide relative uniformity of material within each layer. Soft or yielding materials should be
removed and replaced with properly compacted fill materiat, prior fo placing the next iayer.
Rock, gravel, and other oversized material should be removed from the backfill material being
placed as to conform to our recommendations for trench backfili material. Rocks should not be
nested and voids shoulkd be fliled with compadied material.

fmpact type compactors, such as hyrdrohammers, can damage or displace pipes during
compaction and should not be permitted for use on this project. The amount of effort and akility
to compact the soil is dependent on the soil type, meisture content, and suitability of the
compaction equipment for the conditions encountered. The backfill materials are expected to
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consist of predominantly granutar material that can typically be compacted using static or
vibratory, smooth drum, vibratory plate, shori-sheepsioot compaction wheels, or similar
compaciors. Long-sheepsfoot and similar kneading fype compactors are generally net suited
for compaction of granular scils.

When the moisture content of the backfilt material is below that sufficient to achieve the
recommended compaction, water should be added to the fill. While water is being added, the
soil shouid be bladed and mixed to provide a refatively uniform moisture content throughout the
material. When the moisture content of the fill material is excessive, the backfill material should
be aerated by blading or other methods. Fill should be spread in lifls no thicker than
approximately 8 inches prior to being compacted. Fill and backfill materials may need to be
placed in thinner lifts to achieve the recommended compaction with the equipment being used.,

6.4.7.2 Jetting and Ponding

Jetting and ponding of water {0 assist with compaction should not be permitted in areas
of poarly drained or wet soil or in areas of high groundwater. Jetting may be used to compact
french backfill in areas where groundwater is not present and the in-situ scils are well drained,
Jetting should not be permitted untd after the pipe and pipe zone materials have placed and
compacted with mechanical equipmeni. We recommend that {rench backfll materials fo be
compacted by jetting or ponding have a sand equivalent of at least 30 (assumed coefficient of
permeability faster than 1.0 x 107 cmi/s). Water used for ietling shall be clean potable water free
of contaminants, corrosive elemenis, and acceptable and compliant with applicable water
quality control standards and regulations.

The pipe used for jefting shouid be capped at its end and perfarated along its side as to
allow water to flow out into the materials being compacied. The jet pipe should be capable of
penetrating to within 2 feet of the botlom of the lift being compacted. The water used during the
jetting process should not be allowed to pond or pool at the botlom of the trench, In addition,
mechanical or vibratory compaction should be provided o supplement the compaction by
jetting. Jetting and ponding should not be permitted in the upper 3 feet of the pipeline french.
Prior t0 beginning backfit placement, we recommend that the coniractor establish a “test”
section of pipeline to demonstrate that the proposed compaction method achieves the specified
relative compaction. Compaction should be provided in the pipeline bedding and pipe zone
material prior to placing trench backiiil.
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6.4.8 Pavement Structural Section Design

Typical practice is to replace pavemenis with the same structurai section as the existing
secticn, or to design the structural section according to Caltrans procedures. Roadway
structural section information, ag encountered in explorations, is discussed in Section 4.4.1.1 of
this report. We have provided structural section recommendations for the design of asphalt
concrete pavemenis on the basis of procedures presented in the Caltrans Highway Design
Manual. Where trench backfill materiais are piaced in pavement areas, the upper 3 feet of the
backfill materials should be compacted to at least 95 percent selatively compaciion. On the
basis of our iaboratory testing, observaiion of the subgrade materials encountered, and the
anticipated trench backfill material, we selected an R-value of 50 for the design of the structural
sections. We can provide siructural section recommendations for altemative R-vaiues, if
requested. We recommend the foliowing asphall concrele {AC) and aggregate base (AB)
thicknesses for 1- and 2-layer structural sections.

T AC Thickness {inchos} AB Thickness
{inches)
4 4 -
3 4
5 4% N
3 4
3] 5% -
3% 4
7 B -
4 4

8 8 -
E 4% &

The R-value used for design was selected on the basis of the scil conditions
encouniered in the expiorations, and laboratory {esting of selected samples obtained from the
borings. The upper 3 feet of trench backfill materiat should have an R-value of at least 50.
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6.4.9 Trenchless installations

We undersfand that trenchless techniques could be used to construct the pipeline at the
following jocations:

The north end of Salano Street:
The intersection of Pecho Road and Henrietta Avenue;

e

g

Portions of Clelland Avenue, a paper street between the westerly terminus of Mar
Vista Drive and Los Osos Valley Road, to avoid removing existing structures and
frees, and

"
e

% As an alternalive to open cut construction.

Trenchiess instailations can be performed using a funnel boring machine, commonly
referred to as microtunneling, or by jacking the pipe and excavating the scil that enters the pipe
using augering equipment, This technique is generally referred to as “jacking and boring”.
Jacking and boring is best suited for firm, dry ground that is relatively free of rock or large
obstructions such as gravel, cobbies, or boulders. Special techniques, such as using a tunnel
boring machine with a closed-heading and pressiirized siusries, may be needed io address the
subsurface cenditions encountered.

6.4.9.1 Solf and Graundwater Conditions

The site is generally underlain by dune sand deposits overtying dense sand comprised
af Paso Robles Formation, older alluvium, and older sand dune deposits. Explorations
performed in the Solano Street and Henrietta Avenue areas, where trenchiess pipe installations
are being considered, encouniered loose sand and groundwater.  Groundwaler was

. encountered at 3 to 4 feet below the pavement surface during the january 1997 field exploration

program (Fugre 1897). These types of subsurface conditions can be the most challenging that
bering contraciors can encounter.

We expect that the advancement of the boring operation wilt be relatively difficilt as a
resuit of: 1) the heading is not self-supporting as a result the presence of loose dune sand that
can. cave into the excavation, 2) wet soil conditions, and 3) groundwater above the invert
elevation. A closed heading bering machine and the use of drilling mud or pressurized slurries
will iikely be needed to maintain support face support at the tunnel heading.

6.4.9.2 Boring Tolerances

Typical vertical and horizental folerances for jacking and boring are 1 percent of the
length of the bore. We understand from MWH that design toierances for a 400-foot reach of
sewer pipe could be about +2 inches on line and +1.5 inches on grade. Closer tolerances can
bhe achieved using microtunneiing equipment, and/or by requiring closer monitoring of the
aperation during advancement of the bore. The monitaring would consist of periodically
removing the auger from the bore, surveying the alignment of the pipe or casing, and then
making necessary changes o the jacking pressures to adjust the advancement of the bore.
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Frequent monitoring and adiuistments can slow the progress of the jacking and boring operation,
Altematively, tunneling boring machinas provide closer tolerances than conventional jack and
bore construction, at greater expense, but are likely better suited for canstruction of the gravity
sewer lines proposed for this project.

6.4.8.3 Jacking Resistance

The local resistance of the soil to pipe jacking wil depend upon the condition of the sail
at the jacking location as well as the contractor's methods and equipment. Therefore, i is not
possibie for us to pradict the required jacking force with a reasonable degree of accuracy. The
reaction for the jacking equipment witt be provided by passive pressure from a plaie bearing on
the back of the jacking pit. As input to the contractor’s evaluation, the ultimate passive pressure
corresponding io the minimum depths below the ground surface and jacking plate dimensions
can be estimated as foliows:

Dapth Below Grouncd Surfaca Minimum Plate or {iimate Passive Pressure
(feet) Elock Pimonsion {pshH*
{fedt)
Less than 3 - 4]
3 or grealer 4.5 square 1.200
3 or greater 2.0 square 2.000
8 ar greater 3.5 square 3,200

*Use ¥ of the recommended passive resistance when below groundwater

The estimated passive pressures assume that the support seils for the jacking plate are
above the groundwater table, or that the excavation will be dewatered prior to, and during,
jacking. Several inches of fateral defiection will likely occur as the jacking force approaches the
ultimate passive pressure available. Limiling the jacking pressure behind the plate, providing a
thicker or stiffer bearing plate, and various boring techniques can be used fo limit the soit
bearing pressures and associated deformation of the soif behind the plate.

§.4.9.4 Monitoring and Insfrumentation

Monitoring of ground surface movements should be provided to assess whether or not
settlement or heaving is impacting the road surface as a resuli of the pipe installation. The
project specifications should require the contracter o submit a detailed plan of the monitoring
program and pipe installation procedures. The program should menitor surface movement at a
minimum of 3 locations along the proposed trenchless installation, and at no more than 100-foot
spacings during boring.

At each monitoring location, surface monuments should be established to measure
surface deflection at the centerline of the pipe, and 6 feet left and right of centerline. The
frequency of monitoring and tolerances for the monitoring pregram are summartized as {ollows.
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Maximum

Point Frequency Tolerance Alowabke
Hourly when heading is within 15 feet of the . .

Surface monitoring paint, otherwise daily. +0.25 inches 0.5 inches

\When the {olerance is exceeded, modifications to the pipe installation shouid be made fo
prevent excessive settlement or heave. if the heave or settlement exceeds the maximum
allowable, then mitigation, such as grouting and repair to the roadway, shoukd be provided.

6.4.9.5 Post-installation Grouting

Post-installation grouting shouid be performed when settlements along any portion of the
pipeling alignment exceed the aillowable settiements indicated in the preceding section of this
report. Grouting should be performed to fill voids created adjacent to the emplaced pipe during
construction. As a minimum, grouting points should be installed at regularly spaced intervals of
5 feet along the area of settiement. When the grouting can be performed from within the jacked
casing or pipe, grout points shouicd be set alternating at 30 degrees from plumb each side of the
vertical centerline of the top of the pipe. Grouting around the casing shouid be attempied at all
grout points. The jacking and boring should be maonitored to identify areas of caving, raveling
ahead of the casing, or removal of large particles that may require grouting.

6.4.9.6 Environmental Considerations

The boring contractor may be reguired to perform a limited environmental siie
assessment prior to or during boring to determine whether potentially *gassy” conditions exist at
the proposed jack and bore site in accordance with the State of California Division of Safety and
Health Tunneling Safety Order. The boring coentractor shouid assume that "gassy” conditions
exist at the bere locations, unless a determination is made prior to initiating the tunnefing.

6-17




Geotechnical Report for Los Osos Wastewater Projact E"‘-—_

March 9, 2004 {Montgomery Watson Harza)

6.4.10 Thrust Resistance

VWhaere pressurized portions of the pipeline change direction abruptly, resistance to thrust
forces can be provided by mobilizing frictional resistance between the pipe and surrounding soil,
and by the use of a thrust bleck, or by a combination of the two.

We understand that pressurized pipelines could be designed to resist thrust using
restrained joinis in conjunction with mobilized pipelinefsail resistance. A coefficient of laterai
earth pressure, K;, value of 0.7 can be used in conjunction with a coefficient of friction of 0.35 or
D.20 between the pipe and granular backfill materal in contact with DIP or FVC pipes,
respactively. The recommended values assume that granular pipe zone materials will be
placed adjacent {0 the pipe, as recommended in this report.

Thrust blocks can be designed to resist lateral forces based on the passive resistance
acting on the bearing side of the bleck, and the estimated frictional resistance aciing along the
bagse of the block. Thrust blocks should be designed with a minimum cover of 3 feet below
finish grade. The passive pressures presenied in the previcus section of the report are
considered to be applicable for the design of thrust blocks along the pipeline route. We
recommend that a ceefficient of friction of 0.45 acting on the base of thrust blocks be used for
design.

We recommend that thrust block be designed assuming submerged cverburden sails. A
bucyant soil unit weight of 48 pounds per cubic foot for the overburden soils should be used
when computing the frictional and passive resistance on thrust blocks or pipes with restrained
jeints.

6.4.11 Backfili Loading on Pipe

The sewer pipe should be designed to resist vertical loads resulting from the backfill. We
estimated the vertical load on the pipe using the Marston Theory of Loads on binderground
Conduits presented in Spangler and Handy (1882}, Vertical jvads were estimated for rigid and
flexibie ditch conduits. On the basis of Marston Theory, the load on the pipe will depend on the
stiffness of the condusit relative to the stiffness of the trench backfill materials. The estimated
loads on "rigid” pipes should be used for stiff conduits {such as cencrete, ductiie iron or clay
pipe), or cases where the backfiil materials are loosely compacted. The estimated loads on
“flexible™ pipes showd be used for conduits that will deform in @ manner similar to the backfill
{such as for PVC or other plastic pipes), and where the backfill is compacted o at least 90
percent relative compaction. it should be noted that plastic pipes where the backfill is placed in
a relatively loosely compacted state (less than 80 percent refative compaction) could experience
joads higher that those estimated.

The estimated load on the pipe assumes that the trenches will be backiilled using on-site
or impaorted granuiar soils having a maximum cover thickness of 24 feet. No facior of safety was
applied to the estimated loads. A summary of the estimated ioad on flexible and rigid conduils
follows:
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Estimated t.oad on Ditch Conduits

{poundstiinear foot)

a Incimation of Trench Slopes
Pipe Conditlon Plpe Diameter Vertical thitv or stecper 1.5h:1v or steaper
{inches}
Rigld up o B 410 720 800
up fo 12 820 1260 1610
up o 18 830 1790 2320
Flexibie upto B 130 140 150

up o 12 280 310 320
up o 18 440 490 500

The estimated loads are provided on the basis of a maximum 24-foot cover thickness:
smaller ioads will result for shallower tiicknesses of materal. The loads on the pipe can be
reduced by providing modified french cross sections that reduce the width of the trench at the
top of the pipe, or by providing stress absorbing materials above the pipe. We can provide
recommendations for alternative trench details, if requestad.

8.4.12 Modulus of Soil Reaction (E")

Flexible and semi-rigid pipes are typically designed to withstand a certain amount of
deflection from applied earth loads. Those deflections can be estimated with the aid of
equations deveioped by Spangier and Handy (1982). We used procedures recommended by
Hartiey and Duncan (1987}, We have recommended E' values for general conditions that were
estimated for pipeline trenches backfilled with granular materdals complying with the
recommendations of this reparf, and for in-situ materials consisting of normally consolidated
sand. Cn the basis of our evaluation, we recommend that the following values of E” be used for

pipe design.

Recommend E' value
1,000 psi
1.500 ps!

Casa or Limits

General with depth of ooves of 3 {o 5 feat:
Genaral with degth of cover between 5 and 10 feal:

Generzl: for each additiona fool of cover bailow 10 feat:

1,500 psi + 100 pei x (Depth of cover
below 10 feel)

The E' value was estimated as the weaker of the pipe zone material or in-situ material
beyond the springiine of the pipe. The recommended E' value was selected based oh the soil
conditions encountered at the site. The geotechnical engineer shouid review the trench during
construction.  If unsuitable materials are encountered along the spring fine of the pipe, the
trench detail and design of the pipe shauld be reviewed fo evaluate if modifications to the design
are needed to provide for the iower springline support. Placing slurry or a concrete cradle beiow
the haunches of the pipe can heip o provide additional springline supporn for pipes embedded
in relatively weak soils.
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6.4.13 (:onstru::_tiun Considerations

6.4.13.1 Excavation

As part of the Fugre (1967) field expioration program, 7 hackhoe trenches were
excavated al the site. The logs of the trenches are presented in Attachment C3. Photographs of
the trenches are presented cn Piates 10a to 10g. On the basis of the trenching, it is our cpinion
that the main geotechnical considerations for the trench excavations wili be:

< The soils encountered at the site generally consist of sandy soils. The {renches that
were excavated at the site were performed using a rubber-tire mounted backhoe with
a 30-inch wide bucket. Trench excavations can likely be performed using
conventicnal backhoe or excavator type equipment typically used for pipeline
construction.

# The soilis encountered generally consist of sand having low or no cohesive strength.
These materials generally will not stand in unsupported excavations with vertical
sides. Depending on the soil moisture condilions at the time of construction, the soil
may exhibit apparent cohesion for a time, however, even femporary unsupported
excavations with vertical sidewalls shouid be considered to be potentially unstabie
and subject to collapse. Excavations should be sloped or shored in accordance with
QSHA requirements.

+ Groundwater was encountered at relatively shallow depths in the borings, frenches
and CPT soundings, as discussed below. Where groundwater was encountered in
our trenches, we observed that the walls of the excavation typically became unstable
and collapsed or flowed intc the excavations. Excavations extending beiow the
groundwater iable should not he considered feasible withoui the use of dewatering
prior {o excavation. Areas of potentially high groundwater are shown as Zones A
and B on Plale 8.

6.4.13.2 Dewatering

Groundwater conditions are notoriously shallow in many areas of the communities of Los
Osos, Baywood, and Cuesta-by-the-Sea. The estimated groundwater elevations at the site
during years of 1880 and 1987 are summarized on Plates 8a and 8b. The estimated depth that
groundwater was encountered in various excavations performed during the period of 1897 to
2003 is shown on Piate Bc. In some areas of the site groundwater davlights on the surface,
resulting in areas of ponding, springs, and seeps. Groundwater and surface water conditinns
along the coastal areas in Baywood and Cuesta-by-the Sea are likely influenced by tidal
fluctuations. Groundwater changes will aiso fluctuate seascnaily, and with variations in storm
water runoff, irrigation schediiles, rainfall, and other factors,

On the basis of the groundwater conditions encouniered at the site, it is our opinion that
dewatering will be needed to construct the pipeline trenches. The contractor should be
responsibie for selecting the method of dewatering, and for maintaining the dewatering system,
as-needed, to allow for the pipeline construction. Dewatering should consist of lowering
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groundwater levels to at least 1 foot below the boittom of the trench prior to excavation.
Dewatering should be performead such that water does not seep through side walls of the trench,
and is significantly below the invert of the pipe to allow for stabilization of the subgrade and
compaction of the pipe zone bedding materiai. Dewatering facilities, such as sump pits, wells,
and wel points should be designed with filters such that sand and fine-grained materiais are not
removed from the scil during dewatering cperations, Dewatering facilities should be instalted in
advance of beginhing excavation, and time shoulki be allowed for lowering of the groundwater
table before beginning excavation. Prior o mobilizing equipment to the site, the contractor
shouid be required to submit a dewatering plan for review by the design consuitant and
geotechnical engineer. A qualified registered professional should prepare the dewatering plan.

Tests for falling head permeability and grain size distribution were performed on selected
sampies obtained from the borings (CFS, 2000b; Fugro, 1997, Fugro, 1996} The results of
these and the other laboratory tests are summarized i the attachments in Volume 2 of this
report. Although the soil conditions encountered generally consist of sandy materials, tayers of
moderately cemented, dense sand and clay were encountered in some of the explorations at
depth. It is our experience that these types of conditions can perch groundwater, and
subsequently reduce the effectiveness of dewatering wells constructed at depth to drawdown
the groundwater table. The contractor should perform field pump tests to evaluate the depth
and spacing of dewalering points or wells prior 1o submitting the dewatering plan.

6.4.13.3 Temporary Slopes

The sails encountered within the expecied depths of excavation congist predominantly of
sand (SP) with varying amounts of silt. In our opinion, the soils encountered will not maintain a
vertical slope, Temporary siopes shouid be braced or sloped according to the requirements of
(Cal) OSHA. The contractor should be responsible for job site safety, and for the design of
temporary siopes of shoring., As guidance for design, we estimated inclinations for temporary
slopes based on the OSHA guidelines. The slope inclinations recommendsd by OSHA
guidelines are provided cn the basis of soil classification categories. OSHA provides definitions
for ciassifying the soil as Type A, B or C materiai, or as sclid rock. Slopes desighed on the basis
of the soif classification can be used without performing site-specific engineering analysis.

The dune sand and alluvium consist of loose granular soil, mostly sand (5P, SM}, Type
C soil. The sandy soils will not stand vertically, nor shouid be considered siable when cut
vertically. Temporary construction slopes will need fo be sither flattened to a stable slope
inclination or shored to allow for the pipetine construction. For Type C soil conditions, OSHA
guidelines indicate that temporary construction siopes should be constructed at inclinations of
1-1/2:1 {(horizontal o vettical) or flatter for irench depths of up to 20 feet. The slope inclination
assumes that the soils consist of reiatively clean sand that would be dewatered prior to initiating
excavation. Slopes should not be considered stable if sespage can daylight on the siope or
groundwater is expected within the planned depths of excavation, If excavations need to extend
below the groundwater table, dewatering should be provided in advance of the excavation to
avoid the poiential for groundwater ta daylighi on ihe slope.
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6.4.13.4 Shoring

The use of continucus metal, plywood, or timber, ‘sheeting, or jackable shields, will likely
be needed to support vertical trench walis, particularly for those areas adjacent to or within
paved areas, so that sloughing of soils and undermining of paved areas and adjacent utilities
can be minimized. Shoring systems shouid be designed in asscciation with dewatering system
for the construction. Trench walls lacking tight sheeting or adequate sidewall support in those
areas couid experience trench wall instability or movemenis that could damage adjacent
pavements, uiilities, or structures. Continuous excavation support should be anticipaled to
reduce the potential for slaughing of soils.

Sheet piles that extend beiow the pipe zone should be cutoff above the pipe zone and
be abandoned in-place unless the contractor can demonstrate that specific precautions can be
made to avoid disturbance to the pipe or loosening of the backfill as a result of the extraction of
the sheet piles.

“DBragging a shield” is a common method of providing worker safety during trenching and
pipe construction. However, unless specific provisions exist t¢ emplace the shield tight against
the sidewalls, a shieid provides no support for the trench sidewalls and should not be
considered a shoring system. As ohserved in backhoe excavations, caving typically ocourred
as the material was being excavated below a depth of approximately 5 to 7 feet. Shoring will
likely need te be installed simultaneously with or pricr to excavaticn to reduce the patential for
caving of the sidewalls.

According to OSHA, the tateral earth pressure acting on trench shoring can be estimated
as a uniform soil pressure pius a surcharge for traffic loading. For the Type C soil conditions
discussed in the previcus section of this report, OSHA recommends that the aciive earth
pressure acting on irench shoring be esiimated as:

oy = BOH + 72 psf for scil being retained above the water fable
Sy = 40H + u + 72 pat for 308 belng refalned below the water tabie
where:
‘s " is the uniform, active earth pressure acting on the shoring, in pounds per square fog! {psf) with a levet backslope
*H” is the height of the soil thal is being retained in fest
"™ is the water pressure that increases at 62,4z, with z = depth in feel
“72 psf” is the traffic surcharge

Excavaied material should generally be stockpiled away from excavations, or the
shoring systems should be designed for the additional surcharge from the stockpiled material.
The stock piled materiais, or other surcharges, can be assumed io nof influence the design of
the shoring systems where the materials are located beyond a 1:1 line projected upward from
the bottom edge of the trench.
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6.4.13.5 Scil Praperties

Based on the soil canditicns encounterad in our borings, we recommend the following
geotechnical parameters for use in the confractors evaluation of temporary slopes or shoring
systems:

Friction Angle (4 ay
Cohesion () O
Unit Weight of Soil {+): 120 pot

{above the water table)
Effective tnit Weight of Soli 60 pef
') {below the water table)
Unit Weeight of Water {v.): 62.4 pof

The contractor should review the recommended geatechnicat parameters during design
and construciion to evaluate whether the propesties are appropriate for the design, and provide
additional testing, explorafion, andfor analysis as required.

6.4.13.6 Existing Structures

The proposed projeci will generally be constructed in areas that are relatively heawvily
occupied by residential and commercial type developments. The contractor should be
respansibie for the design of shoring systems such that the constrection will not result in
seflement or instabilty of adjacent structures, private property, or existing roadway
improvements that will not be repiaced as part of the praject. in generai, surcharge loads from
existing structures can be neglected if the structure is behind a 1.1 line projected upwards from
the nearest bottom edge of a shared trench excavation, or the building is setback at least 10
feet horizontally from properly sloped excavations. If excavations are made within the zone of
influence of adjacent sfructures or foundations, the contractor should design the slope or
shoring system far the additional surcharge toad.

In addition, where excavations are made adjacent {o structures, temporary siopes shouid
he constructed at stable siope inclinations such that the soil does not ravel on the face of the
excavation. Groundwater seepage that daylights on the face of temporary slope shouid not be
permitted. As discussed in Section 6.4.13.2 of this report, dewalering systems shoulkd be
designed with proper filters such that fines are not removed from the foundation support soils of
adiacent structures,
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6.5 PUMP STATION DESIGN
6.5.1 Wet Wells and Vaults

Seven pump statiohs and up to 16 pocket pump stations are planned in varous low fying
areas of the site. The pumps will generally be installed in manhoie type structures with wet
wells and vaults exiending fo depths of approximaiely 6 to 18 feet below the existing ground
surface, respectively. The subsurface conditions encountered in the pump and lift siation areas
generaily consist of sandy solis with varying groundwater leveis as described in this report.

6.5.1.7 Lateral Earth Pressures

Beiow grade structures, such as wet wells and vaults, should he designed to resist
lateral earth pressures. The iateral earth pressure acting on buried cylindrical strictures was
estimated for the planned vaulis and wet weils that will be designed in association with the
pump stations, and is summarized on Plaie 11. We recommend that buried cylindsical
structures be designed to tolerate fully submerged and dry backfill conditions, The
recommended earth pressures assume that the siructures will be backfilled with Retaining Wall
Backfill material conforming to the materials recommendations of this report, or be sunk into
native sandy soils using caissan type consiruction. Non-cylindrical buried structures or vaults
¢an be designed according to the lateral pressure recommendations of Section 6.6.6 of this
report.

6.5.1.2 Upliff Forces

Below grade structures should be designed to resist uplift forces resuiting from the
buoyancy of the structure and high groundwater conditions. The base of the structure should he
ballasted such that the buoyant unit weight of the slumry seal {if needed}, the base of the well,
and the structure itself will resist uplift forces assurning fully submerged backfill conditicns. if a
structure is located within an area subject to flooding, the uplift ferce should be esfimated
considered the high water level. Resistance to uplift can be resisted by the buoyant dead
weight of the below the grade structure itself, frictional resistance afong the sides of the
structure, and the dead weight of any above grade portion of the structure.

The frictionat resistance acting on the sides of the structure can be estimated as the
horizontal stress applied on the outside of the well or vault times the friction coefficient between
the so0ii and the structure. The horizontal stress acting on the outside of the structure can be
estimated from Plate 11. The horizontal siress should be estimated for submerged backfill
cenditions. We recommend that an ultimate friction coefficient of 0.4 be used fo estimate the
frictional resistance along sides of the structure. A factor of safety of at least 1.25 should be
applied to design the siructure {o resist uplift forces associated with buoyancy,

6.5.1.2 Construction Considerations

An excavation plan should be prepared in advance of the pump station consfruction, and
be submifted for review by the geotechnical engineer prior to mobhilizing equipment to the site,
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The plan shouid be prepared by 2 qualified registered professional and detail the planned
excavation, dewatering, and shoring systems.

We expect that the wet wells and vaults will be constructed by either: sinking the precast
cylindrical pump station unit using caisson type construction or by driving continuous sheet pile
cut off walls around the excavation and then constructing the pump station within the shored
excavation. With either technique, the excavation can likely be made in the wet, a concrete seal
potred to siabilize the base of the excavation and resist uplift, and the excavation dewatered by
pumping from within the caisson or sheetpile. The seal should be sized 1o resist buoyancy
forces assaciated with relatively high groundwater levels, as discussed in the previous section
of this report and shown on Plate 11. The seal course shouid be capable of resisting the
maximum groundwater level near the excavation, and should be at least 3 feef thick.

Aliernatively, the excavation can be dewatered prior to excavation, and the excavation
and censtruction of the pump station can be performed in the dry using cast-in-piace concrete.
it is our opinion that this type of construction would be relatively difficult because the amount
and effectivenass of the dewatering is relatively difficult to assess. The soils encountered at the
various sites inciuded loose sand beiow the groundwater table, and interbedded clay soiis that
can impede groundwater movement and complicate dewatering. Construction considerations
relative to excavation and dewatering considerations are discussed in Section 6.4.13 for the
pipeline, and are similar for the planned pump station areas. \Where the construction is
perfarmed in a dewatered excavation, we recommend that at least 3 feet of stabilizing material
consisting of either permeable material, pea-gravel, or drain rock be placed in the base of the
excavation. The siabilizing materiai should be entirely encased in geosynthetic material for
stahilization, as recommended i this report.

The project specifications should provide for variation in the soil and groundwater
conditions, and for increasing the thickness of the stabilizing material, if needed. Open graded
gravel materials placed in the base of the excavation shouid be compacted to at least 90
percent relative compaction, or be compacted with at least 4 coverages of suitable compaction
equipment. :

6.5.2 Standby Power Buildings

6.5.2.1 Site Preparation and Grading

Loose dune sand or existing fill materials were iypically encountered in the planned
standby power building areas. Te provide relatively uniform support for foundations and slabs,
we recommend that the existing soil in standby power buiiding areas be removed to the
recommended depths and be replaced with compacted fill, The excavation should extend to at
least 5 feet outside the building footprint. The bottom of the excavation should be graded such
that a relatively uniform thickness of filf will be provided below ihe footings. The recommended
minimum depths of removal in the planned building areas are provided in the following table.
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— Groundwatar :
Locaton gt | o oo e e e Soe
Encounterad g o

Baywood & West Paso
Standby Power Buiilding at ol 10 5 4 feet or 1 foot below the bottors of footings,
CS0 Yard new 8 and B LR whichever is deeper.’
Maro
ast Ysabel Standhy
Power Building and Pump el 78 1o 83 22 4 feet or 2 feet below the bottom of footings,
Station at South Bay ; ; whichever is deeper.
Boulevard
East Paso Standby Fower .
Building and Pump Staion | &l 7110 72 &, 016 8 feet i;?f;gj f:%‘e?“’ef the battom of footings.
at 18" Strest per
Suniny Oaks Standby .

el 3 feet or 1 foot below the bottom of foctings.,
g;:ua'u:lfer Building and Purnp gl 152 o 159 . About 20 whichever is deeper

[#15]

Lupine Standby Power .
Buitding and Pamp Station ol 141, 4106 feet i;ff; o F; f:%te’;e"’:f the betiom of footings,
at Domna Avenue pe
Molntain View Standby
Power Bullding at C5D o 107 ft 23 feet 4 faet or 2 foot below the bottom of footings,
Yard near Nipomo and S. ’ ) whichever is deeper
Bay Boulevard.

' Provide subgrade stabifization to address groundwater or wet soil conditions as recommended beiow.

Fill Placemsnt. Prior to placing compacted fili, the bottom of the excavation should be
either stabilized, as discussed below, or be scarified to a depth of approximately 9 inches,
moisiure conditioned, and compacied in-place to at least 90 percent relative compaction. Fill
materiais can then be placed fo finish grades according to the recommendations of this repor.
Fill materials placed in the power building area should be compacted to at least 90 percent
relative compaction.

Subgrade Stabilization, We expect thai stabilization of the subgrade will be needed to
provide suppori for the standby power building and siabilize areas of shallow groundwater and
wet subgrade conditions. Stabiization should be provided fo afiow for the recommended
compaction to be achieved in the subsequent fii matenials. If shaliow groundwater or wet
subgrade conditions are encountered, at least 2 feet of open graded gravel or permeable
material wrapped in a geotextile should be placed in the bottem of the excavation.

Where wet subgrade conditions are encountered, we recommend that the subgrade
scarification be omitted and that the gravel be placed on a relatively undisturbed subgrade over
the entire buikling area. Where groundwater is presen! within the anticipated depth of
excavation, dewatering from properly fillered pumps shoulkl be provided prior to excavation.
The botiom of the excavation should be excavated using construction equipment that will
reduce the potential for disturbance of the subgrade, such as an excavator operating outside the
limits of the excavation or track mounted eguipment with low ground pressures. The geotextile
should be then placed over the undisturbed subgrade. The gravel should ther be placed over
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the geotextile in a single lift. The surface of the gravel should then be compacted to at least 90
percent relative compaction, Where additional fill is o be placed over the gravel, the gravel
should be entirely encased in the geotextile.

The project specifications shouid provide for geotechnical review of the subgrade
conditions at the time of excavation, and for increasing gravel thickness, and the depth of
excavation , if needed, to remove additional loose or soft material,
6.5.2.2 Foundation and Slab Design

Footings and stab-on-grade can be desighed according the recommendations presented
in Sections 6.6 for the treatment plant improvements.
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6.6 TRIWWASTEWATER TREATMENT PLANT
6.6.1 Site Preparation and Grading

Very loose to medium dense dune sand deposits were encountered o various depths at
the site. To provide relatively uniform support for foundations and floor slabs, we recammend
that the existing dune sand be removed and be repiaced as compacted fill. The recommended
minimum depihs of excavation are based on the depth of the very loose to lpose materials
encouniered in the explorations. The excavations should remove the loose materials, and
extend to at ieast 5 feet beyond the building footprint or perimeter footings and slabs., A
summary of the estimated depths of removal follows:

Approeximate
Strechire FFiSiab Eley, Recommended Depth of Removal
. el #5 feat (zpproximately 10 feet balow the existing ground surface) or top
Operations Building ol. 74.50 fest of dense sand, whichever is deeper.
. _— e, 65 feet {approximalely 10 feet below the existing ground sutface) or top
Resicuais Bullding el 74.00 fect of dense Sand, whichaver is deaper.
uent Py Sutien and ) Mass grade area in association with Operations and Residual Buiigings to
Septage Tank, B ' at least 5 feel beyond these improvements,
- el. 62 feet (1 to 2 feet below the botiom of the bollomn of the foolings)
xm“é;?i‘“mg el 67 fest {GWT encountered near ef. 65 feet in CPT101), Place drain rock encased
in gectextile {stabilization) on undisturbed subgrade 1o base of slabfooting.
Treatment Biuilding ot 74 foat el. 65 feet (appraximately 10 feel below the existing ground surface) or fop
- upper igvel i of dense sand, whichever s deeper,
’ 7 feet below the existing ground suriace, or 2 fest below the bottomn of
Bloflters ol 747535 feet | 1 ings. whichever Is deeger.
Treated Etfivent &l 85 fast 2 feet below the bottom of faoting, or 10 fee! below the existing ground
StoragafTenlary Filters ' surface whichaver is deeper.
o 5 {eet below the existing ground surface, or Z feet below the bottomn of
Future CSD Office Buillding el 56 feet faotings, whithever is deeper.
Retention Basin Retaining &, 65 feet 2 feat below tha bottom of footing, oF 10 feet below the axisting ground
Wall at hase of wall surfce whichever is deeper.
Parimeder SMLU el 75 feat 2 feat below the base of wall or § fest below the existing ground surface
Retaining Wak at base of wall whichawver is daaper.
; ; el B2 feet 2 feet below the hase of wall or 7 Teet below the existing ground surface
Sedument Basin Wail stbase ofwall | whichever is deaper.

Prior to placing compacted fill, the base of the excavation should be scarified o a depth
of approximately 9 inches, moisture conditioned, and compacied in-place to at least 95 parcent
relative compaction. Fifl materials placed below footings or floor slabs shouid he compacted to
at least 95 percend relative compaction. Where fiil materials are piaced as retaining wall or
trench backfill that will not suppor improvements, the backfiil should be compacied {o at least
90 percent relative compaction. Compacted fill can then be placed to finished grade according
to the fili placement recommendations of this report.
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6.6.2 Foundation Design

it is our opinion that the proposed improvements can be supported on spread footing
foundations bearing in compacted f{ill materials prepared in accordance with the
recommendations of this report. We recommend that for spread footing foundations founded in
compacted fil} that 2 maximum allowable beanng pressure of 2,600 pounds per square foot be
used for design. Continuous footings should be designed with a width of at least 1 foot, Isolated
pad footings should be designed with a least dimension of 1.5 feet. Spread footings shouid be
embedded at least 1 foot into compacted fill matenal, and ai least 1.5 Teet below the fowest
adjacent exterior grade cor finished slab eievation whichever is deeper. The maximum allewable
bearing pressure can be increased by 500 pounds per square foot for each additional feot of
footing width or embedment exceeding the recommended minimums. The maximam allowable
hearing pressure can be increased by one-third when considering short-term wind or seismic
loads.

For retaining wall footing design, the maximum toe pressure can be designed to exceed
the recommended maximum aliowable bearing pressure provided the resuitant force acts within
the middie third of ihe footing. The maximum allowable average and toe bearing pressures can
be increased by one-third when considering short-term wing or seismic loads.

We estimate that selflements resulting from static foundation loads should generally be
on the crder of approximately t-inch total and approximately ‘z-inch differential befween
foundation elements designed accarding to the recommendations of this report.

Reinforcing of foundations should be designed by the structural engineer based on
loading conditions. Based on the expected scil conditions, we recommend that at least two
Number 4 reinfarcing bars be placed iy continuous footings, one near the top and ane hear the
bottom.

6.6.3 Resistance to Uplift Loads

We recommend that an unsaturated soil unit weight of 110 pounds per cubic feot be
used for areas where soil surcharges will be used to resist uplift forces. We recommend that an
effective s0il unit weight of 48 pounds per cubic foot be used for soils below the water table, The
dead weight of the struciure, considering bucyancy forces where they are applicable, can also
be used to resist uplift forces. .

6.6.4 Resistance to Laterat L.oads

Resistance to lateral loading can be provided by sliding fricion acting on the base of
spread foatings or slabs combined with passive pressure acting on the sides of foundations or
grade beams. We recommend that a coefficient of friction of 0.4 be used to estimate the sliding
resistance along the boftoms of {ootings or slabs bearing in compacted soil. We recommend
that a passive resistance of 350 pounds per cubic foot, equivalent fluid weight, be used {o
estimate the lateral resistance acting on the sides of footings or grade beams. Passive
resistance shouid not be used for the upper one fool of soil that is not constrained at the ground
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surface by siab-on-grade or pavemeni. A one-third increase in the passive value can be used
when considering short-term wind or seismic loads.

£€.6.5 Slab-on-grade

The soils encountered in buiiding areas consist predominantly of sand (S#} fo siity sand
(SM}, and can be considered non-sxpansive (having an Expansion index less than 20) for use
with the buiiding code. For walkways and ¢ther minor fiat work that will not be subject to vehicle
traffic, we recommend that the upper 12 inches of the subgrade be compacted to at teast 90
percent relative compaction.

Slab thickness and reinforcement shouid be designed by a structural engineer to resist
structural loading and to satisfy perlinent code, temperature, and shrinkage reguirements. On
the basis of the soil conditions encountered, we recommend that concrete floor stabs and flat
work without vehicutar traffic be at least 4 inches thick and be reinforced with at least No. 3
reinforcing piaced at not more than 18 inches on center both ways. Reinforcement should be
placed at mid-thickhess of the slab and be supported such that the reinforcement will remain in
place during construction and concrete placement. Expansion and control joints should be
provided in accordance with the Portland Cement Associations guidelines or other applicable
design guidelines.

A vapor refarder should be provided below siabs with floor coverings to reduce the
potenttal for moisture to migrate from the soiis up to the slab. The vapor retarder should consist
of 2 inches of coarse sand, overlain by a visqueen membrane and an additicnaé 2 inches of
sand. In lieu of the vapor barrier, we recommend that slabs with vehicle iraffic be underiain by
at least 4 inches of aggregate base over 4 inches of drainage material compacted to at least 85
percent relative compaction. Sand, aggregate base, and drainage materials should conform to
the suggesied materials specifications of this report.

6.6.6 Earth Retaining Structures

Site retaining walls and beiow grade structures can be designed to resist lateral earth
pressures according to the recommendations of this section. Buried cyiindrical structures such
as dryweils and wet weils associated with pump stations can be designed according to the
recommendations presenied in Section 6.5.1.1 for the pump siation design.

Retaining wall backfill material should be compacied to at least 90 percent relative
compaction, unless a higher degree of compaction is otherwise recommended, such as in
buiiding or pavement areas. Qur recommended equivalent fluid weighis presented below are
for conditions where the hackfiil material is placed ievel behind retaining walls. Backfill material
for retaining structures should consist of Retaining Wall Backfill material conforming to the
suggested material specifications of this report. The tabulated values presented below are
based on a soil unit weight of 125 pourds per cubic foot (pcfh. We recommend that the
following lateral earth pressures (equivaient fluid weights} be used for the design of retaining
walls:

6-30

&B



Gentechnical Repori for Los Osos Wastewater Project Egl

March 9, 2004 (Montgomery Watson Harza)

Siatic Lateral Earth Pressures

Wail Laading Laterat Earth Equivatent Fluid
Condition Pressure Condition Weight {pcf)
Free Standing Aclive - Drained 34
Adtive - Submerged 19 + water prassura
Sraced At-rest - Drained &0
At-rest — Siibmerged 30 + water pressiure

Wall Drainage. The values for drained backfill conditions do not provide for hydrostatic
forces {for example, standing water in the backfill materials). We recommend that drainage be
provided behind retaining walls when designing using earth pressure conditions corresponding
“drained backfili conditions” to reduce the patential for water 1o accumulate within the backdil.
Drainage should consist of piacing at least a 1-foot thick layer drainage material immediateiy
behind the wail. As an alternative, drainage material can consist of prefabricated geocomposite
drainage panels, Drainage and Geocomposite Drain materiais should confonm to the suggested
materials specifications of this report.

Surcharges. The recommended equivalent fluid weights do not account for surcharge
loads acting on the backfili. The surcharge from foundaticn loads can be neglected, provided
adjacent footings are setback behind a 1:1 fine projected upward from the base of the wall. The
lateral easth pressure from uniform surcharge loads can be estimated as 0.3 times the stress
being applied at the ground surface. Traffic surcharges can be estimated as an additional 2 feet
of scil cover, equal {0 a uniform pressure of 72 pounds per sguare foot. Fugro should provide
additional recommendations if feundaticn loads act within the 1:1 line, or other surcharges to
retaining walls are aniicipated.
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6.6.7 Dynamic Earth Pressures

Retaining walls (restrained and unrestrained) can be designed using pseudestatic
analyses based on the Mononobe Okabe approach {Whitman 1880, Wood 1973). The dynamic
earth pressure that should be considered in the pseudostatic analyses is dependent on the
anticipated ground motions at the site and the stiffness of the wall retaining the soil. We
estimated dynamic earth pressures using the Mononche Okabe method and assuming a
horizonta! ground acceleraton of 0.4g {design-basis acceleration).

The seismic increment of lateral earth pressure is relative to whether or not the wall is
designed for at-rest or active conditions, and the ability of the wail {o tolerate deformation or
yieiding during an earthquake. The lateral deformation of retaining siructures was estimated
considering the design-basis earthquake and using procedures proposed by Richard and Elms
(1979). The estimated deformations assume that the walls were designed for static loads, have
a factor of safety of at least 1.5 against sliding under the static load, are free to tolerate the
estimated deformations, and that the backfill material does not liquefy during the earthquake. In
considering the estimated deformations, the retaining wall shouid also be checked for
pverturning based on the recommended dynamic earth pressures presented for using
pseudostatic analysis,

The following table summarizes cur estimated dynamic earth pressure in terms of an
equivaient fivid weight. Dynamic earth pressures will reduce if the deflection at the top of the
wall can exceed 0.001 times the height of the wall (H). if the wall can tolerate this amount
deformation, then the dynamic earth pressure on the wall can be estimated using the equivalent
fluid weights presented in the foliowing table, and corresponding 1o the estimated iateral
deflection. The dynamic earth pressures are the tolal dynamic lateral earth pressure estimated
for pseudostatic loading, and not the “seismic ircrement” that is relative to the static earth
pressure that the wall is designed for. If a wall is non-yielding under the estimated seismic load,
the estimated iateral earth pressure on the wal will be significantly greater.

The estimated resulling force corresponding to the dynamic earth pressure (Pag)
resulting from seismic leads acting on braced walls can be estimated as Pae = ¥ X equivalent
fluidt weight x H?, in pounds force per lineal foot of wall, The dynamic pressure on the wall can
be estimated as an inverted trianguiar pressure distribution with the resultant force acting 2/3H
above the base of the wall. The lateral earth pressure on a wall having a submerged backfill is
the combined lateral earth and hydrodynamic pressures. "

Dynamic t.aterat Earth Pressure

Wall Loading Latorat Earth Total Dynamic Earth Estimated
Cordition Pressura Condition Prassure (pef) Deflection (inches)
Free Standing Active — Drained 54 w
Consiralned At-rest - Drained 54 w
MNon-Yieiding Af-risl — Drained 120 o

>
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A

Dynamic Lateral Earth and Hydrodynamic Pressure with

Submerged Backfilt without Liquefaction

Wall Loading Lateral Earth Total Dynamie Earth Combined Estimated
Condition Pressure Condithon Pressure {pef} Hydrodynamle and Deflection {inches}
Static earth Pressure
{pef)

Free Standing Active 27 g2 w
Constrained At-rest 27 92 W
Non-Yielding At-rest [=1) 92 owr
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6.6.8 Segmental Masonry Unit (SMU} Retaining Walls

i is our understanding that segmental masansy unit (SMU) retaining walls are to be used
in the area surrounding the Tri-W Wastewater Treatment Plant facility. The approximate limits
of the retaining walls are shown on Plate 2b. Pesign retaining wall heights range from
approximately & to 23 feel. The batter on the face of the refaining walls witt be Th:8v, which
equates fo 1-inch of offset for an 8-inch high masonry unit. A typical detail showing the
minimum wall embedment and reinforcement for typical SMU retaining wall heights is presented
on Plate 12a. The soits beneath the retaining wall foundation should be prepared according fo
the site preparation and grading recommendations of this report.

The SMU wail is Hikely fo consist of a proprietary wall sysiem provided to the contractor
that should be checked for compliance with the geotechnical recommendations of this report,
Prior to mobilizing materials and equipment for the wall’'s consiruction, we recommend that the
contractor prepare shop drawings and supporting technical data for the selected SMU system.
The shop drawings should be reviewed by the geotechnical engineer for generai conformance
with the recommendations provided in this report and assumptions made during our analyses.

6.6.8.1 Geosynthetic Reinfarcement and Facing

Geosynthetic reinforcement and compacted fill shouid comply with the recommendations
for Geosynthetic Reinforcement and Retaining Wal Backdill, as summarized in the suggested
materiai specifications section of this report. We have recommended the number of reinforcing
layers, vertical spacing, and long-term design strengths (LTDS) for the geosynthetic
reinforcement based on the results of the slope stabifity evaluation. Based on those results,
SMU retaining walls greater than 5 feet in height should be reinforced with geosynthetic.
Typically, SMU wall heights less than 5 feet can be designed without reinforcemenis. The
confractor should provide a submittal prepared by the manufacturer that shows thaf the wall can
be unreinforced, or the shorier wall can be designed according to the typical detait for walls that
are less than 10 feet in height as shown on Plate 12a.

Masonry facing units used in the wall designs should support the soll materials between
layers of reinforcement and be anchored to the reinforcement. Based on the maximum 4-foot
vertical spacing between reinforcements, the facing between the reinforcement shouid be
designed to support a uniform iaterai earth pressure of 150 psf. The connection between the
masonry unjts and the geosynthetic reinforcement shoutd have a pulfout strength of at least
60C pounds per lineal foot of wall. The estimated iaterat earth pressure and puliout strength
include a factor of safety of 1.5,

Where the masonry units will kave voids or gaps, pea gravel can be used to fill the voids
and provide suppori for adjacent blocks. A fitter fabric should be provided between the sandy
retaining wall backfill and the gravel and/or biocks to prevent the migration of material through
the wall.

The facing elements should be initiated from a leveling pad consisting of either lean
concrete or compacted aggregate base. Aggregate base should be at least 6 inches thick and
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be compacted te at least 95 percent relative compaction. Further, the leveling pad shouid
extend at least 6 inches out from the toe and heel of the lowermost masonry unit. The leveling
pad materials should be specified in the shop drawings. '

6.6.8.2 Placement of Reinforcement

Geosynthetic reinforcement shouid be laid horizontaily on a relatively ftat surface,
without wrinkles, and oriented with the design strength of the reinforcement perpendicular fo the
refaining wall face. Owverlaps and spiices of the geosynthetic reinforcement in the design
strength direction: shouid not be permitted. if an overlap is reqguired, adjacent rolls of reinforcing
should be provided in accordance with the manufacturer's recommendations and should be
separated with at least 3-inches of wall backiill material. Geosynthetic reinforcement should be
continuous throughout the wall lengith. If permitted by the manufacturer, geosynthetic
reinforcement behind curved wall sections with concave corners may be placed without overlap
and with gaps for a specified elevation, However, geosynthetic reinforcement for the next
specified elevation above should be located in a manner that covers gaps left by the previous
laver of reinforcement.

Retaining wall backfill between and behind the geesynthetic reinforcing shouid be placed
accarding o the recommendations provided in this report and should be compacted fo at least
20 percent relative compaction. During spreading and compacting, at teast § inches of soii,
measured vertically, should be maintained between the geosynthetic reinforcement and the
construction equipment and/or be placed according to the manufacturers specifications.  Fill
should be placed, spread, and compacted in such a mannef that prevenis the development of
wrinkles and/or movement of the geosynthetic reinforcement. Equipment or vehicies shauid not
be operated or driven directly on the geosynthetic reinforcement, uniess specifically allowed by
the manufaciurer and documented with supporting data. Compaction and fill placement neas
the retaining wall face shouid be performed to limit the deformation of the face to less than plus
ofr mirnus 1 percent within each liff, vertically, and plus or minus 1 percent in 10 feet, horizontaly.

6.6.8.3 Wall Drainage and Backiill

Backfili materials placed between the face of the SMU and the temporary construction
stope behind the wall should consist of retaining wall backfil material complying fo the
recommendations of this report, and be compacted to at least 90 percent relative compaction,
uniess a higher degree of compaction is otherwise recommernded. Surface drainage should be
provided such that surface water does not run over the face of the wall or pond on the backfill.
As illustrated on Plate 12a, a geo-composite drain panel with collector pipe should be installed
behind the geosynthetic reinforcing to a depth corresponding to finish grade. The geccomposite
drain should be connected to a collection pipe and outlet to a storm drain or drainage area.
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6.6.9 Sedimentation Basin Geosynthetic Reinforced Siope

The location of the sedimentation basin is illustrated on Plate 2b. The slopes of the
basin are designed to be approximately 8 feet high and inciined at 1.5h:1v. The faces of the
basin slopes are to be dressed with architectural boulders with nominal diameters ranging
between 1 and 3 feet. The soils beneath the sedimentation basin siopes shouid be prepared
according to the site preparation and grading recommendations of this report,

6.6.9.1 Geosynthetic Relnforcement and Spacing

Based on the resuits of our slope stability analyses, the sedimentation basin siopes
should be reinforced with geosynthetic reinforeing to provide support for the 1.5h:1v siope. A
typicat detail for the design of sedimentation basin slopes is presented on Piate 12b — Typical
Detail for Sedimentation Basin Slopes. \We recommended the number of reinforcing layers,
vertical spacing, and long-term design strengths (LTDS) for the geosynthetic reinforcement
based on the resuits of our slope stability evaluation,

As noted, the first layer of geosynthetic reinforcing should be placed at an elevation
corresponding to the finish grade elevation of the sedimentation basin. Geosynthetic
reinforcement and campacted fill used in the construction of the sedimentation basin slopes
should comply with the recommendations for geosynihetic reinforcement and retaining wall
backfili, as summarized in the suggested material specifications section of this report.

Geosynthetic reinforcement should be laid horizontally on a relatively flat surface,
without wrinkies, and oriented with the design sfrength of the seinfercement perpendicular to the
stope face as discussed in the previous section of this report for the SMU wall design. Layers of
geosynthetic reinforcing shouid be continuous throughout the siope length and should be
wrapped at the face. Vertically adjacent layers of reinforcement shauid be overlapped at jeast
3feet behind the face with the overlapping lavers of reinforcement separated with at least
3 inches of backfill material behind the slope face.

6.6.9.2 Slope Drainage and Backfil

Backfill materiais placed between the face of the slope and the temporary construction
siope behind the reinforced slope should consist of retaining wall backfill materiai complying to
the recommendations of this report, and be compacted to af least 90 percent refative
compaction, uniess a higher degree of compaction is otherwise recommended. A layer of
gravel drainage material encased in filter fabric should be placed within the geosynthetic
reinforcement for each fill layer, as illustrated on Plate 12b. A minimum of 1 cubic foot of
drainage material shotld be used per square foot of slope face. Drainage material and filter
fabric shouid comply with the recommendations provided in the suggesied material
specifications of this report.
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6.6.9.3 Boulder Facing

A toe key ai leasi 2 feei deep and 4 feet wide sheuid be excavated at the foe of the
slope fo provide support for the boulder facing. Alternatively, a reinforced concrete key may be
located at the toe of the slope at finish grade to provide this support  Such a key should be
designed {o provide a iateral resistance of at least of at least 600 pounds per foot of slope
length.

Boulder facing should be initiaied from within the toe key at the base of the slope, and
piaced progressing from the bottom to top of slepe. The boulders should be placed and keyed
individually to provide relatively fight and interlocking support for each unit. The bouiders should
be placed such that the slope and exposed gecsynthetic reinforcing are completely coverad.
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6.6.10 Basin Design

5.6.10.1 Slope Design

Sedimentation, delention, and percolation ponds are planned as part of the reatment
plard design. We understand from MWH that the slopes for the storage ponds will likely be
unlred. Ve recommend that the basin slopes be designed at inclinations of 4h:1v or flaiter.
Cut and fill siopes outside the basin areas should be designed no steeper than 2.8h:1v. If
erasion contral is provided, such as permanent erosion control matting with suitable vegetation,
slopes can be designed at 2.5h;1v or flatter.

The slopes will be excavated in sandy materials that are subject to erosion. Ongoing
maintenance of the stopes will fikely be needed to repair erosion and assist in establishing
vegetation on the slopes.

Retaining walls to suppori portions of the basin siopes should be designed according to
the recommendations presented in Section 6.6.6 of this repart.

6.6.10.2 Percolation

Percolation and double ring infiltrometer {esting was performed for the design of the
percolation basin, as presenied in Sections 3.6.1 and 3.6.2 of this report. The basin will be
turfed and serve dual-use as playing fields and to allow storm water to infitrate the ground
sufface. MWH {2002) states that the basin is designed based on an assumed percolation rate
of & minutes per inch. The basin will be excavated ta 1 to 10 fest below the existing ground
surface.

The soils encountered within the percolation basin area are generally locse to meditim
dense fine dune sand. Percolation testing performed at the site and surrounding areas indicate
fhat the dune sand has a percolfation rate typically iess than 1 minute per inch, Double ring-
infiltrometer testing was performed at the Sea Pines golf course and Tri-W sile to evaluate the
influence that an established turf has on percolation. Resuits of test performed at the golf
course were typically similar to those performed immediately below the turf. Although selected
shallow tests (less than 1 foot) performed at Sea Pines and Tri-W were {ypically slower than
percolation tests performed at § feet below the existing ground surface, the resuits for tests
performed on and below the furf were similar.

A factor that appears 1o influence the percolation of the shallow fest resuits is that the
near surface solls within the Los Qsos area are hydrophohic, Water wilt typically runoff or
percelate slowly into the near surface hydrophobic soils. The hydrophobic soils are associated
with the topsoil development, and are not expected fo significantly influence the percolation
basin. However, where the depth of the basin is shailower than 2 feet, we recommend that the
existing topscil be stripped 1o a depth of at least 2 feet below the existing ground surface. Turf
ahd on-site sandy soil can then be placed fo finish grades. An underdrain type system below
the playing fields would likely heip to enhance percolation through the new turf.
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Silt, clay, or peat moss that may cause a barrier to perceolation should not be used in the
dgesign of the tud. Periodic maintenance {o remove siit and storm deposited sediment, and to
aerate the turf, will improve percoiation.
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6.6.11 Pavement Design

6.6.711.1 Subgrade Preparation

We understand that asphall pavemenis are planned for entrance driveway
improvements, and Portland cement concrete pavements are planned for the septage receiving
stations. To provide relatively uniform support for pavements, we recommend that the existing
soils be removed to a depth of at least 2 feet below the existing ground surface, or to the bottom
of the pavement section, whichever is deeper. in cut areas where the bottom of the structural
section is 2 feet or more below the existing ground surface, we recommend that the upper 1-foot
of the subgrade, as measured below the bottom of aggregate base, be compacted to at least 95
percent relative compaction. Fill materials placed within 3 feet of finish grade shouid be
compacted to af least 95 percent refative compaction. Embankment fill placed nmiore than 3 fest
below finished grade should be compacted to at least 80 percent relative compaction.

We recommend thai the subgrade materials be reviewed af the fime of construction with
regard to the as-graded conditions. On the basis of our observations and tests, we can provide
additionat pavement section recommendations at that time, if needed. Where jfower R-value
materiai or wet scils are encountered in subgrade areas, thicker pavement sections may be
needed. The project specifications should provide for variations in the subgrade conditions, and
resulting increased thickness in the pavement section.

6.6.11.2 Asphalt Pavemoents

Asphalt concrete pavements for driveways and parking areas can be designed
according to the recormmendations of Section 6.4.8, provided for pavement repiacement in the
pipeline trench areas.

§.6.11.3 Portland Cement Concrefe Pavements

Where Porfland cement concrete is used for pavements, such as the septage receiving
stations, the concrete should have a compressive strength of at least 4,000 pounds per square
inch at 28 days. Based on the expected traffic ioading, we recommend that concrete pavements
subject to vehicle {raffic be designed with a minimum thickness of 8 inches in truck traffic areas,
and at ieast 6 inches thick where the access will be Bmited to passenger cars and pick-up
trucks. Concrete pavements should be cast on a subgrade prepared in accerdance with
Section 6.8.11.1, and shouid be underlain with at least 4 inches of aggregate base compacted
to at least 85 percent relative compaction.

£.6.12 Utility Trenches

Excavation of utility trenches can likely be accomplished with a backhoe. Trenches over
5 feet in depth should be braced or sioped in accordance with the requirements of (Cal) OSHA.
Considerations for the design of temporary slopes and shoring systems are discussed in
Sections 6.4.13.3 and 6.4.13.4 of this reporl. Placement of utilify trench backfill should be
performed according {0 the recommendadions of this reponri refating to minimum compaction
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recommendations. Where ufility lines penetrate perimeter foundations or pianter footings, a cut-
off should be provided to reduce the potential for water movement below the slabs and
pavements. Where the utility must pass through the foundation, the footing shouild be stepped
down below the pipe such that the ufility is fully surrounded by concrete. In general, backfili for
service lines extending inside of the project area should be compacied fo at least 30 percent
relative compaction, or to 95 percent relative compaction in builéing and pavement areas.

6.6.123 Drainage Considerations

Site grading and drainage swales should be provided such that positive drainage away
from foundations and siabs is provided. Waler should not be aliowed to pond near the
siructures, pavemenis or run over slopes. We recommend that roof gutters or drainage
systems be installed to coeilect roof water and to carry the water away from the foundations. In
pianter areas, deepened curb edges or moisture retarders should be provided to reduce the
potential for irrigation water to infiltrate subgrade scils below siabs and pavements.

£.6.14 Erosion

The soils encountered at the site generally consist of fine sand that is very susceptibie to
erosion. Erosion control measures, such as hydro-seeding, erosion control matting, and
mainienance, should be provided io reduce the potential for erosion while vegetation is being
established on slopes. On-going maintenance of the slopes shouid be provided, as-needed, to
assist in establishing appropriate vegetation and to repair erosion that occurs. Energy
dissipation and erosion control devices should be provided at oullets of drainage pipes and in
areas where there are concenirated flows of runoff to recduce the potential for erosion.

8.6.15 Groundwater Considerations

Groundwater was encountered near el. 50 feet during an Cctober 2006 (CFS 2000a)
field exploration program, near the 1987 water levels shown on Plate 6b. Extrapolating between
explorations, the water level below the main plant site was encountered near elevation 6G to 65
teet, as shown on Plate 7a. Based on the potentiaf for groundwater to rise near the finish
grates of the plant, we recommend that a layer of drainage material be provided beiow the floor
slabs of the various tanks and structures. At least 8 inches of permeable material conforming ta
the recommendations of this report should be provided below slabs to intercept groundwater
and reduce the potential for uplift pressure to develop below sealed structures. Collector pipes
sholld be placed one way at no mora than 10-foot on-cenier below the permeable layer, and be
embedded in at least 1 cubic foot of permeable material for each foot of pipe. The collector pipe
should ouilet downsiope of the plant, and in an area that will nct be submerged. The piping for
the coilection system should be equipped with vents and cleanouts to allow for maintenance of
the underdrain system.
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6.7 EFFLUENT DISPOSAL SYSTEM DESIGN

The EPA (1881) guidelines suggest ihat infiltration rates for effluent disposal basins
should not exceed approximately 10 to 15 percent of the measured figid infiltration rates. As a
basis for recommending suitabie application rates for the design of the efluent system, we have
recomimended allowable applicaticn rates for the design of percolation lines and drywells based
on 1/6 of the estimated infitration rate of the soil estimated from the prototype percolation line
and drywell test resulis previously discussed in this report.

6.7.1 Percolation Lines

Percolation lines will be used to dispose of approximately 800,000 galions per day of
treated effluent at the Broderson site. Percolation lines can be designed using methods and
protocois similar fo those used to design and install leach fines for residential septage disposal
systems. Relatively weli-drained dune sand deposits were encountered at the Broderson site.
Percolation testing and permeability testing performed for the Broderson site indicate that the
soiis tested had percolation rates of typically less than 1 minute per inch, and a permeability of
at least 0.001 cm/second or faster. Prototype testing was also performed at the site to estimate
the infiltration capacity of the dune sand, as discussed in Section 3.6.2 of this report. An
uliimate infiltration rate of 180 gpd/ft® through the wetted surface area of the trench was
observed during the protoiype testing. It is our opinion that the Brodersan site is geotechnically
suitable for the proposed disposat of effiuent using buried percolation lines,

6.7.1.1 Percolation Trench Design

We recommend that percolation lines be designed using an aliowable application rate of
30 gpdft. A detail summarizing our recommendations for the design of percolation trenches is
shown on Plate 13a, The length (L.} of individual percolation lines should be limited to 100 kneal
feet or less. The bottom of the trenches should be excavated into relatively undisturbed dune
sand, ahd extend to at ieast 5 feet below the existing ground surface. The frenches shouid be
excavated to a width (W) of at least 3 feet, and provide for at least a 12-inch depth (D) of gravel
below a 4-inch exfiltration pipe. The pipe should be laid level and covered with at least 2 inches
of gravel. The gravel should be covered with a layer of needle punched geotextile and at least
12 inches of earth. The effective infiltration area of the trench can be estimated as the combined
bottom area and one-half of the sidewali area below the pipe. The maximum aliowable flow into
the trench can then be estimated as 30 gpd/t® x (W x L + % B x D), with the french dimensions
in feet. A 10-foot clear spacing should be provided between percolation fine irenches.

Gravel for the percolation lnes should be 1.5-inch Drain Rock complying with the
suggested material specifications of this report. Prior to being placed in the trench, the gravel
should be stockpiled at the site, and be sluiced with waler to remove fines and dirt from the
aggregate.
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6.7.1.2 Construction Considerations

A 50-foot long prototype percolation line was instalied at the Broderson site for this
project as discussed in Section 3.6.3.1 of this report. Various test frenches were aiso excavated
within the project area as discussed in Sections 3.4.4 and 6.4.13.1 of this report. The trench for
the prototype percolation line was approximately 2 feet wide and extended to 5 to 7 feet below
the existing ground surface. The trench excavation and gravel placement was performed in
about 10-foot iong segments o aveid caving of the sidewalls, Essentialy no caving or
sloughing of the sidewalls was observed during the construction of the test fine.

The potential for caving in the dune sand will generally increase with depth, and length
of the french. it is our opinion that there is a potential for sloughing and caving of the trench
sidewalls. Limiting the length of trench or installing temporary trench supports can be used to
reduce the potentiat for caving. Trench shields or jacked shoring with plywood sheeting can be
installed to support the trench walls during the placement of the gravel and pipe.

6.7.2 Dryweils

Prywells will be used to dispose of approximately 160,000 galions per day per site of
freated efflueni at each: the Pismo Site and the Santa Maria site. Drywells can be designed
using metheds and protocols similar to those used to design and instail drywells knes for
residential sepiage dispesal systems. Relatively well-drained dune sand deposits were
encountered beiow the Pismo and Santa Maria sites. Percolation testing and permeability
testing performed for the Broderson site indicate that the soils tested had percolation rates of
typicaity less than 1 minute per inch, and a permeability of at least 0.001 cm/second or faster.
Prototype drywell testing was also performed at the Santa Maria site {0 estimate the infiltration
capacity of the dune sand, as discussed in Section 3.6.4 of this report.  An uitimate infiltration
rate of 500 gpdAt® through the wetted surface area of the drywell was observed during the
prototype testing. It is our opinicn that the Pismo and Sania Maria sites are geotechnically
suitable for disposai of the treated using dryweiis.

6.7.2.1 Drywell Design

We recommend that drywells be designed using an ailowable application rate of
80 gpd/Z A detail summarizing our recommendations for the design of drywells is shown on
Piate 13b. Drywells should be drified info relatively undisturbed dune sand, and extend to at
ieast 25 feet below the existing ground surface. A verdical sloited pipe and grave! shouid be
piaced in the hole, and a 5-foot thick concrete surface seal should be provided above the gravel.
A layer of visqueen should be placed over the gravet prior to placing the concrete surface seat.

The dryweils should have a diameter (B} of at ieast 4 feet, and have a depth of gravel
(D) of at least a 20-feet below the surface seal. The pipe should be placed near vertical
(inclined no more than +2 percent the length of the pipe) near the center of the well, with a solid
riser provided in the upper 10 feet of the well. The effective infiltration area of a drywell can be
estimated based on the sidewall area below the surface seal and should provide for at least
5 feet of freeboard befween the botfom of the seal and the design water level in the drywell.

o
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The maximum allowable flow into the dryweli can then be estimated as 80 gpd/t® x 3.44 x B x
{D-5), with the dryweil dimensians in feet.

Gravel for the drywells sheuid be 3/8-inch Drain Rock cemplying with the suggested
material specifications of this report. The distribution pipe sheuid be a 4-inch diameter slotted
pipe, having a slot width of 0.08 inches. Prior to being placed in the trench, the gravel should be
stockpiled at the site, and be sluiced with water to remove fines and dirt from the aggregate,

6.7.2.2 Construction Considerations

The construction of a prototype drywelt installed at the Santa Maria site was previously
discussed in this report. The Santa Maria and Pising Sites are generally underlain by medium
o very dense dune sand. The excavaticn for the prototype drywell was 4 feet in diameter and
was drilled fo approximately 25 feet below ground surface without the use of casing. However,
the relative density of the dune sand and soil moisture conditions vary between sites and our
expiorations. We therefore recommend that the contractor be prepared to install temporary
casings to assist in the drywell excavation and gravei placemert. The use of drilling mud,
siurries, or other fluid stabilizers should not be permitted for use in drywelt construction on this
project.

if caving occurs and temporary casings are used to support the borehoie walls during
excavation, the casing shouid be withdrawn as the gravel is being placed. The gravel should be
placed threugh the casing as the casing is withdrawn from the excavation. The depth of the
gravel should be maintained at ieast 3 feet above the bottom of the the casing during the
casing's removal.

8.7.3 Expansion Areas

We recommend that expansion areas for the effluent disposal system be identified and
be available as part of the design of the effluent disposal system. The purpose of the expansion
area is to allow for future expansion and/or replacement of percolation knes and drywells, if
needed. Replacement could be needed i infitration rates reduce during the long-term
operation, or components of the systems become clogged due to biological fowling.
Repiacement systems should generally not averlap with existing systems. The expansion area
shoutd provide for at ieast a 100 percent expansion in the disposal system. The expansion area
can provide for expansion of percolation hnes, drywells, or a combination of both. The
expansion areas can be accommodated within existing, or separate, designated sites.

8.7.4 Hydrogeologic Considerations

Hydrogeclogic evaluations and greundwater studies for the effluent disposat sites are
heing performed by Cleath and Associates. Monitoring wells and hydroprobe data were used to
assist in monitoring the testing of the prototype percolation lines and drywells, as discussed in
this report. We undersiand that monitoring wells have been and will be installed at the effluent
disposal sites to provide for post-constriuction monitering of the sysiems relative o meounding,
the influence of perching fayers within the subsurface, and that the design application rates are
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suitable for the site conditions. The resulls of the prototype testing should be reviewead ralative
ic the hydrogeologic evaluation of the sile and mounding estimates. Perching of groundwater
below the {est areas was observed at both the percolation line test site at Broderson and at the
drywell site on Santa Maria Avenue. The perching maimly was observed along beundaries of
soil units of differing relative density and age.

6.7.5 Operation and Post-Lonstruction Monitoring

The operation of the system should allow for resting to atiow for periodic aeration of the
soil. Observation ports should be installed within the percolation irenches as indicated cn Plate
31a io allow for monitering of water levels in the trench during effluent disposal.

Qbservation of the effluent will allow for applicaticn rates to the percolation lines and
drywells to be further evaluated under actual, iong-ferm operaling conditions, and for
adiusiments in the application rates during the operation of the system. Flows and waler levels
within the trenches and drywells should be documenied and logged as part of the operation of
the system.

65-45
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7. CONTINUATION OF SERVICES

The geotechnical evaluation cansists of an ongoing process involving the pianning,
design, and construction phases of the project. To provide this continued service, we
recommend that the geotechnical engineer be provided the opporiunity to review the project
plans and specifications, and observe portions of the site grading and fill placement during
construction,

Subsurface conditions, excavations and fill placement should be reviewed by the
geotechnical engineer during constructian to evaluate if the subsurface conditions enceountered
and construction methods are consistent with those assumed for design. The geotechnical
professional should atso review the project plans and specifications prior to construction. The
purpose of the review is {0 evaluate if the plans and specifications were prepared in general
accordance with the recommendations of this report.

&9
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1. The lateral earth pressure can be interpolated between the depths shown. The eanh pressures are only
applicable to gylindrical structures below the water fable,

2. Water pressure should be added to the estimated earth pressure at the rate of 2.4 pef x Hw, in pst
The lateral earth pressure can be doubled, and the water pressure can be neglected, to check non-submerged
backfili conditicns.

3. No factor of safely Is applied to either the lateral earth pressures or frictional capacity. Structures should have
a factor of safety of at least 1.25 against upiifi.

3. Thickness of seal {I) in feet, without fiction, can be estimated as §2.4 pofx Hw / 150 pof with
Hw in feet. Frictian and bouyant dead weight can be added resist bucyancy forces.

LATERAL PRESSURE ON CYLINDRICAL BURIED STRUCTURES
Los Osos Wastewater Project
Los Osos, California PLATE 11
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Geuéyntheﬁc

Reinforcing __.\

Layers

Wall Height, 1
H

Finsh Grade
Flevation

ieveling Pad
Minimum Limits of Excavation (see report}

Notes;

@ Geosynthetic reinforcing tayers have variable lengths depending on H.
Place first reinforcing layer at finish grade elevation.

@ Use Retaining Wall Backfilt within and behind the geosynthetic reinforeed
area. Compact backfill to at least 85 percent retative compagstion.

Wall Height Range Minimum Embedment Min. Geosynthetc Min. Geosynihetic
() Depth, O Reinforeement Length, L Reinforcement L TDS

() (ft) (ib/f)

0-5" 20 — —

510 2.0 8 5,600

10-15 20 10 5,C00

15--20 3.0 14 £,000

2025 3.0 18 5.000

* - Depending on wali height, geesynthelic reinforcing may not be needed. Wall contractor should submit
shop draawings for SMU welis for review by the Geotechnicat Engineer prior o construction.

Los Osos Wasiewater Project
{.os Osos, California

TYPICAL DETAIL FOR SMU RETAINING WALLS

PLATE 12a
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Geosynthetic Reinforcing
Wrapped at Stope Face
(Min. LTDS = 1,000 1o/R)

Single Layer
Boulder Facing
{Per Cthers)

Stope Height,
M= 8 typ.

Finish Grade
Elevation

Drainage Material
Encased in Filter

- _— 1 Fabric at the Face
_\_ Toe Kay: Boulders or Minirmum Limits of Excavation {see report)

Reinforced Concrete

Notes:

@ Wrap geosynthetic reinforcing jayers with 3' min. overlap. include drainage material
encased in fiiter fabric within the geosynthetic reinforcing. Use min, 1 cubic foot of
dreinage material per sguare foot of slope face.

@ Backfil should consist of Retaining Wail Backfill (SE>20) per recommendations of report,

Boulders st slope face should be placed and keyed individually to provide interlocking support
for each unit. Boulder facing should be initiated in {oe key, and placed progressing

from the bottom 10 top of siope. Bouider facing units should compietely cover the

slope and exposed geosynthetic feinforcing.

TYPICAL DETAIL FOR SEDIMENTATION BASIN SLOPES
Los Osos Wastewgter F_’roject
Los Osos, Cailifornia PLATE 12b
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{per detail below)
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LOCATION: 7he drill hole ocalion relerencing lacal

lardmara & coomndi

SURFACE EL: Wsaing tocal, MSL, MLEW or othar datum

DEPTH.#
MATERIAL
SYMBOL
SAMPLE NO.

ELEVATICN, &t

MATERIAL DESCRIPTION

22

—~28 16

--28

N

20

SN
5

[ K PPA I

20
o4=

hﬁ&,l? NER

c_Liuicd I

Well graged GRAVEL (GW)
Paoriy graded GRAVEL (GP)
Weli graged SAND (W)
Poorly graded SAND {SF)
Slty SAND (SM)

Clayey SAND {SC)

Siliy, Clayey SAND (SC-SM)
Elastic SILT (MH)

SILT (ML}

Silty CLAY (CL-ML)

-Fat CLAY (CH)

Lean CLAY {CL}
CONGLOMERATE
SANDSTONE

SUTSTONE

MUDSTONE

CLAYSTONE

SHALE

LIMESTONE

Paving and/or Base Materials

OMZ 3G Mia0n

UMZ2—-1=X MZ—T

poaigleks

{(zgneral Notes

Soll Texiure Symbal

Sloped iine in symbol colums indicales
tr=nsitional baundary

Samplers and sampler dimensions (uniess
otherwise noted in repoit ext) are as

Synhof foi:

1 SPT Sampler, driven
13am" 10,2700
2 CAtliner Sampler, diven
2 3m*10, 3 oD
3 CAiLinar Sampler, dislurbad
2 3840, S‘E'E
4 Thinwallad Tube, gushed
2 gt D, 30D
Bulk Bag Samale (frm cutiings)
Hard Augar Samale
CME Cora Sample
Laxan Szmple
Piehar Sampls
10 Vibmoora Samphe
11 Na Sample Recovered

Sampier Criving Resistance
Humber of Mows with 148 ib. hammer, flling

dn, 1o drive campler 4-ft. aler saading
samplar B-in.; for emmphe,

Blowsf  Dascriplian

25 25 hlows diove sampler 72" atler
nitizl 5" of spating

Aflar driving eampler the nitial 67
of seating, 36 blows drove
samplar through the secand &
Interval, ard 50 biows drove the
samplar 5" irto fhe third intenal

1| ~ v th

saM1"

5uE S0 blows drove samplar 6" after

initial 67 af seating

£Q hlows drove samipler X7 during
Initizl 6% seating intenat

Reffd"
Biow courgs for California Hner Sampler
shownin {}

Length of sam
recovery len

Classification of Sails per ASTM 02487 or
2488

symbal approximates

Geologie Formation noted in bold fent at
the top of Interpreted interval

Strength Legend

Q= Unsopbined ressian

u  Uncorsolidated Undrained Triadal
{= Yorvans

p = Pocket Penetrormsater

m = Minalure Vana

Water Leve| Symbels

% Inifiat or parchad waler igval
¥  Final grourd water loval

n  Seepapes encounterad

Rack Quality Designation {RQD) is the
sum of recovered cote glaces greater than
mﬂ divided by the of the cored

KEY TO TERMS & SYMBOLS USED ON LOGS
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I LOCATION: Intersection of <th 5t., and Santa Lusia Avs. EEE
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wr‘ SO S S R
2 ESTUARINE DEFOSITS (Qae) - prommpeesonyes
Sand with slay (SP-8C): medimndensa.ﬁghtbmwnwﬂh
-4 dark orangs on qide stains, wet, with lefises of lean [t e
CLAY (CL} |
________
- lnose i i
Lt
22 ....................................
3 b
- RIS % (13} SIMSANI} {GM): medium dense, gray 10 aark gray, wet, : 25
] e ! wilhleancLAY(CL:lpnc |
6 3845 :
=18 33.‘: :_: R
o ol hE] o7 S L
4z i Hole caved below 12 feet after augers were removed. @ § b 4 {1 .
]
ko4 444 I ...................................
'\'28 48_ : } ; ‘‘‘‘‘‘‘ EIEELI RIS . maagnunufsnmerarl arrrral
fas 48 S S O T L O ST I
kas  so0
COMPLETICN DEPTH: 405 1t DRILLING METHOD: S-in. dia. HO!EDW Stemn :Aug?r
DEPTH TO WATER: 13548 HAMMER TYPE: Aulam&ht'l?rm
HACKFILLED WITH: Sturry DRILLED BY: 5/ Testing
DRILLING DATE: August 11, 2003 LOGGED BY: NJDerbidige

CHECKED BY: JDBlanthard
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LOG OF DRILL HOLE NO. DH-401
L.os Osos Wastewater Project
Los Osos, California PLATE A-2




Montgomery Watson Harza
Project No. 3055.001

LOCATION: Hib 5L, 200° noith of Santa Ysabal Ava. %E
- . LI
. 1.3 & wl o o]
g e g‘g 2 g ”H‘% SURFACE EL: 28.0R+~ (ral. MSL datum) E.ﬁ EE EE” %E g* Ei e
] (=
s blE e 55|58 5b |8 98 9120
g 8133887 iR E Pt
MATERIAL DESCRIPTION FAr
T DUNE SANT DEPOSH S {Q5)
Sty SAND (SM): loose, 1o medium dense, red-brown,
T ] 2 . _'. .:' dry .........................................
..2‘ P d .. ------------------------------------------------
14
2 e I e S OO e S TS S Y P RT) RO
.aa ................................................
" oy | Poorly graded SAND {SP} mediim cense, red-yeliow, ' ipa idos | 2
e azdmod bbb e e [
r.14 [ e I L I T T T oy
i3 T 2
u‘z ........................................
.1“ 1 ................................................
- 39 - wet hetow 19°, brown 11 | o0 | 20
o P S e e L L S iiddds ST
” wl - added to & (o reduce the potertial for sand | 1|k e
2 tq‘ﬂw@lmna!-ﬂem ..............................
O L S FOPPPO FRNIY FOPPPIT TUPRIS STRSRE NETRISS
Lo 28 - yelow-brown
,.._" P L] SRR RN TR SRR EE EEETREEH
n-..ﬁ ..........................................
8
10
” a4 - dense
4 a3 4 Hole caved below 78" after augers wers removed. [ b e
r—ig 7 I S 2 A ARAAA AL RECAS Al EEEL Sl CER AR ikl S
i
R R - K T e A J N A EEE RN ERCECE) RECTRCE (LLELLR CRRLERL ARREN jrorened
4
] 7. 2 N [ N CCERTER EELER F e Y P FIIN : .......
i
22 &1
COMPLETION DEFTH: 405 f DRILLING METHOD: Sin. dia, Hollow Stein Auger.
CEPTH TG WATER: 191t HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Slumy DRILLED BY: §/G Testing
CRELING DATE: August 11, 2003 LOGGED BY: MNiDerbidge
CHECKED 8Y: JDBancharg
mmwmm:-;muaummﬂwu ﬁmamuhdw

LOG OF DRILL HOLE NO. DH-402
Los Osos Wastewater Project
Los Osos, California PLATE A-3




Montgomery Watson Harza
Project No. 3055.001

LOGATION: 13th S1., 200 norh of Sarta Ysabel Ava, ; gE
= . 4 .
: ] w2 ;W
1 ; %’ﬁ 2 nﬁt ﬁlé' SURFACE EL: 81.5 R+ {ral, MSL dalum) EE E;‘i f IIF-‘ ‘ %E ga!_ gz g"if
T b E2iaE %g%ggg‘”g%%“x‘g;
5 81553305 2330 538 2l
MATERIAL DESCRIPTION : I 125G
- ARTIFICIAL FILL {af}
50 25" Asphalt concrete over 8" of base consisting of sitty
i ﬁ Trly) SAND (S ? dent brown, dre 08 B2 e
DLUNE SAND DEFOSITS (Qs)
= 13 saﬂd M.h si! {SF_slA'): mmm m.sel red_hrm' dﬂ", -----------------------------------------------
. X O O O
-74 ........................... B EE TR
72 e Por::mty stgra.ded SAND (SP). fatium gense, red-yeliow, nyles ) 3 :
e pehkdall) o bbb [
,.'Ba ..........................................
19
R S . N FOUUPN: IUUUUOY SUUUTOR NUUHTRY UTIY SUTUR e
-B‘ -----------------------------------------
_‘52 % {43} - genae, Im browm 08| 103 £
--m ----------------------------------------------
-ﬂ -------------------------------------------------
Z Y
,.56 .............................................
T S S S A DU FUUUY ORI SOPOs SUUOPOS SO i
82 0 any | - mediutn donee 5
-m .....................................
-.48 --------------------------------------------
X 30
-45 -------------------------------------------------
—.44 -------------------------------------------------
g E ¥
I T (85 | - very donee, wel
.‘40 42 Hule cnvEd Hnw 3? feat mr augm m fﬁmd- ...........................................
'38 «4 F 11 b fennbr sl e s e e
.m F T I [ [ e N CACRLLE LELELY bbbl e LS REAEEEE th bl R bl
54
< T 2 [ (e N FTYT RS T PPRPEY EEPEEES EERETES CERERSE STTRRES FRTERLE
s.a‘z 5:_
0 : i
COMPLETION DEPTH: 40.5 % DRILLING METHOR: S-in. dia. Hollow Stem Auger

DEPTH TO WATER: 204
BACKFILLEDWITH: S
DRILLING DATE: August 11, 2003

roke cap

Suaxface

L.OG OF DRILL HOLE NO. DH-403

Los Osos Wastewater Project
Los Osos, Califomnia

HAMMER TYPE: Autornatic Trip
DRILLED BY: &/C Testing
LOGGED BY: WJDerbidge

CHECKED BY: JDBlanchard

Vi ing Bt uhh GUERARN 08 B QNG f Wil condidams mncounted at the Trna of deffag b e dnlleg
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Mantgomery Watson Harza
Project Np, 3055.001
: LOGATION: Puso Rohles Ave., 40 easl of 3rd SL ! [ E
E . E P Ll =
3 o w I
5 = g 2.z Eg SURPACE EL: 20.0& +/~ {ral. MSL dalumm) . EE o §E af %‘3_ 3
E EiZeiu Beior M5 180 30 BE |8
: 8|55z £5138 |55 x| G398 |28
4 8|35 21555 5g°% TR |87 2% B
MATERIAL DESCRIPTION £h
Ry DONE SAND DEPOSITS (@s)
LR Poorly graded SAND with siit (SP-SM}: Inose, to medium
8 2*.:.::: b ' {15) dEI'IEH. md'yelm.dﬁ 0§ gl e [ A eavaaad
e oliiep e oo 300 B e ]
Fib] A :
e ebii 2 BB an RELIER::. - IOF 705 UURUUE IV SO
C i 3
baz & E ....... R N e LESSis SAuttl! EITIE
N AN i
SCIRTE SRR i =¥ - wat 91 9
- 12 ': E ............ e A -
3 4 :::' s (dg} _ e, r added ta & fo reduce the al for 13;!.1“? 21 ........................ .
o sand to flow up into augers
“4 15 .‘:- : PR (T N A N CE TN EER TN
s 15 xS AN M K I Y
o amfeibli 8 47
L2 “ ................................................
__d : E ? %{sm .................................................
S e T EPEPPOF SURISYS SRS EOFRS FRPPISY SYSIOY) IS
DN I 0
0 j d X wa
B N
432 F s 4 8 JI PR R e e e e e
K b
g omedddt | ——ee—— el PN T AR P IR S
Hole lerminated at 34 feet due to sand fowing up into i ! i
Lt a8 4 augers and binding between center bt and augers. ... faeeens FISUUUY Y I b
Hale caved balow 12 feet after augers were removed. : H
LT =4 1 1 U e [ A E ............................ F
i 4 ;
-_22 ..................... arpp]--rranifasnaann! Lannnnr
2 aed P FL O e F SUU I SO PO
| - R T T Y EETETE (ELEREEE REELELE AREEE Rl Ry SRR
laa 44 ¢ 44t orvr b T N ETRTr
-3 S04 !
;
COMPLETION DEPTH: 34011 DRILLING METHRD; 8.in. dia. Hollow Stem Auger
CEPTH TOWATER: 85 # HAMMER TYPE: Automatic Trip
BACKELLED WITH: Sturry DRILLED BY: 8/G Testing
DRILLING DAYE; August 12, 2003 LOGGED BY: NJCerbidge

CHECKED BY: JDBlanchard
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b Ealriirfy i coribaed Moy Sfr 1 other ocations. nd with f s 4 &f Lna.

LOG OF DRILL HOLE NO. DH-404
Los Osos Wastewatar Project
Los Osos, California Pt ATE A-5




Montgoemery Watson Marza
Projact No. 3055.001
b — e e am e e e i e
LOCATSON: Maimananca yard at 1ha Inlerseciion of Nipamo | [ 5
- ) & Ave, and Souil: Bay BivG. 2l #|ow _ 5
] @ -
Z w122 2IRIES) cunpack Bl 107.08 4 (el MSL datum GEIEY mg 28 a® E*_ il
: EIBEizals e EAV e
= > =32 a Tz |83 3 z
IR CRESH L %ggégﬁ?—gg
MATERIAL DESCRIPTION Zn
DiNE SAND DEFGSITS {G8) _ E
e Poorly graded SAND (SP): Ioose, to medium denee, N R A N o P
04 % (t4 | redyeliow, dry, fine 108 [ 102 4
T Gbedal P T T8 S 20 NUNON SEURIU NUOUDN SUPT
0| . moist
10z i
e H ea VTR0 0 Nt N SO S
B sa
] 117
A <
02 @ (agy | ~denss, with faint iren oxide stains
=1
68 X o4 - medism dense
-]
m Y FASOROBLES FORMATION fatel | o
.52 % @n Pooriy graded SAND (SP). dense, red-yellow, wet
v ™ I Iur -t S L S FETTTEE STy _3 ...........................
80 : ;
k1] - ! ;
| %m‘ﬂ" - with pockets of brown lean CLAY (CL)
m H
FL
72 z sa
™
" 71 ooy [ SANGY e CLAY Wit gravel (CLY i 10 very 337,
3 |-._redveliow, wet
- Hole caved below 25 feet after augera wereremaved. | | | 1 4 |
B4
7]
80
5
b= w-..
56 : :
COMPLETION DEPTH: 40,5 ft DRILUING METHOLY: 8-4n. dia. Hollow Stem Auger
DEFTH TOWATER: 235 & HAMMER TYPE: Automatic Trip
BACKFILLED WITH: Slurry DRILLED BY: S/G Testing
DRILLING DATE: Auguét 12, 2003 _ LOGGED 8Y: NJDerbidge

CHECKED 82y JDBlanchard
Toal bong 2 ks prwsanbed w2 Eimpiication of 2wk canditions wetounterd Al B e of deifg o2 the dnibes
Tncation.  Suiriafucy onditinte vy S 8 abhier Idtionn e with i pampe of i,

LOG OF DRILL HOLE NO. DH-405
Los Osos Wastewater Praject
PLATE A




Mantgomery Watson Harza
Project No, 3085.001

LOCATION: Ln::“nﬁu" of Santa Ynaz Ava., and Mourdain View EE
[ . .
o B . #low o
- % gﬁ % ﬁ xg SURFACE EL: 100.0 4 +/~ (rel. ML dalumm) EE gg EE %E §f E*_;g;
F - ] E&
$ BiES ;%gg %155 5F E% 53 gg 45
‘EI: Emwmmﬁ' Egng Bix n_-..gg
MATERIAL DESCRIPTION L
L FiFICTAL FAL af)
50 2 oo O g.ﬂsgnﬂconcretewﬁ“cfgngqu& baza /”— N
RN SUNE SAND DEPOSITS @) 0 o e T S -
h T 09| Dy SAND (St toome, reu-brown, moist, ine: oo ol Wl OO A N A
Rl 1 X g | Sandwith si (SP-SW: lose, lgnt brown, moist, ines | | | ]
~” : .....................................
o 141 4 % @5 -medium dense, with iron mide stains 13118 ] g
. 1 SRS T ST SO AN Rt
L ag E . Z a ) Hm.mbla;kspucs I A, [ A
0 e e T I e
Las ..::: T O RCRh SASTEn] EETEPRE: ECITERI SYREREE IS ERN) EERERA
S 5 % (st | PASO ROBLES FORMATION {Gitp) 1or.l.14 | 2
h A Clayey SAND (BC): very dense, red-brown, moist, with
78 blackspacs, samd partings b4
.-75 E X 22 Sgﬂﬁy}eran CLAY {CL): mwsﬁﬂl M‘ mnmtlwnh ramreanfrerranre __i- Lasaaa .“314‘-....,2._.?,. -
sand pattiigs
74 pamengs d
.\.?2 wramadafrasareafaasce o facaaielanmaan e ae e aaa
o 7 % @y | - hard, wah layers of SANL with clay and gravel (SP-SC) | 49 | 12z 1 18 ! 11
- 2 S ASNOUO% YUPPO FUUUNN SUUNUN IOUS SOOMONE SO
e . Z T e e e o PR
R T o T RN RLCLTrl EETErre e RS
ez sy lA T L e e RN IS SUSURN SO
m o [ Gn | -wih layers of SAND with gravel (SP)
lsg 4z AUUURTS [OTURUOL SURUTN SN SUNRY R R
ﬂ “‘- T vwawnilvarinnfurranaafrecimccdaccccasopmnnns| o ena ]
S PO SO S ORI SRR RURe o
bse  aad 1 F |1 e
0 5o
COMPLETION DEPTH: 40.5 DRILIING METHOD: 8-in. dia. Hdluwsmjﬁ.l@;er
DEPTH T4 WATER: Not Enconudered HAMMER TYPE: H{ﬂﬂ‘rrﬁl'llc'ljnp
BACKFILLED WITH: Shumy DRILLED BY: S/G Testing
DRILLING DATE: August 12, 2003 LCHGEED BY: MuDerbidge

CHECKED BY: JDBknchard

Tow bog o daia rwsenied Sirmfiation of dees SuEHONE S0l ared 2 the tir of g 3 Hu, driler
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L.0G OF DRILL HOLE NO. DH-406
Los Osos Wastewater Project
Los Osos, Califomia PLATE A-7




Morntgomery Watson Harza
Project No. 3055.001

LOGATION: Intersection of Bay Caks Dr., ahd Crest Ava, ] Ty
© ; ® 1o iT s
& E §5' 2 % ﬁ% SURFACE EL: 182.0fl +i- {rel. MSL datum) EE EE E : %% gi E: g;
g pE g gl ES ZE |5 sk |xg 8 G414
g E i 3= 22| S@ ! ”"% 25|48 :
i ? 18804 53 = #e o g
MATERIAL DESCRIPTION i : Lo
iy _\;ﬂ'ﬁFFGLAL FAL reh{:aﬂ o eh E ;
. e " Asphalt concrete over 8 agoreqate hase IR - T SN o
188 w17 50 P9} SiRE SAND DEPOSITS (@) & 1
Poorly graded SAND {5P): madium denss, red-yellow, |
-j‘rB mm ....... e I A B el R TR -i
Z 15 |
L L e R sERELEY SETRREE Al Sl S e :;
L4 7 PURTRE I R —_— (R S S E
172 .13 § taH 108 103§ 4
A :
Ai'ru - feemqansfaiiansafraaars L] B T PET TN
-.155 4 X 1? -ﬁﬁmhfm ...............................................
-ﬂaﬁ ...............................................
...154 ............................... Fordl
L 16z 5 % (20} o7l 05| 8
‘6o Hole caved below 18.5 fest after augers weraremoved. | ) | 1 Lo 0
I T S AP SUSAN (SPY UVIUN SOUVHN IST o
-153 ;; ..............................................
ST 4 ; ................................................
Hex oo ‘
Jﬂm 32 ....................... PR ERIPRFE:
T 7 U T N SR TR ittty SEEREES [ N E—
146 38 T N ] S
.!“ H ................................................
14z 40
e 42 N PO SR T R S
k43R FrE ;. .......................... R
P JSOUR RIS TS R S -
M34 458 4 ....... AP T IEUUTURS DUTER S
b3z 50
COMPLETION DEFTH: 2051 DRILLING METHOD: 8-n. dia Hojlow Stemn _N.ig?r
DEFTH TS WATER: HNot Encountersd HAMMER TYPE: Automatic Trip
BACKFULED WITH: Cuttings/cancrete cap DRILLED BY: S/G Testing
DR(LLING DATE: August 13, 2003 LONKGED BY: NJDatbidge
CHECKED BY: JOBlanchard

d Af Attuisd concly 2t B oF Sriling 1t Lhe drited
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LOG OF DRILL HOLE NQ. DH-408
t.os Osos Wastewater Project
Los Osos, California PLATE A9




Monigomety Watson Harza
Project Mo, 3055.001

[GOATION: Bay View Raighls 0., 75 nerh of Bay Oaks Dr. ; %E
b ] # ]y ’ Y
F = §§ g % % SURFACE EL: 1360 R+ {rol, MS!, dahum) =R EE e %@ r:u*j%*, [
= E e | g ,_,E E wa | TE i
BiEd BN EL
MATERIAL DESCRIFTION : 25
AHTIFICIAL BILL (&)
4" Asphatt concrete over 20° aggregate base sonsisting
R34 s Z 0 af tean GLAY with LY &tiff. b moist /77 Lszl JRUTN S B
2 DURE SAND DEPOSITS {Qs:ll e -
! ngmmsAND{SP}: ‘m m' S A BRI B L R BT I I (I ) oaaear|
2 % RO | o e medi o 108 [ w3 | 5
41“ ------------------------------------------------
R - T e [ N EYCPPEH PEPEET] COPRITE RUETIT) EYRYREE (REEEEEE B
{128 3 19 | - red-velow
A
ﬂiﬁ -----------------------------------------------
T T A e T A AMAAL: s iidd SARRLAE SLELEEE] SELEEEE SCLLLEE AR,
¢ [ (o wa]wal e
ﬁm . PPITE TS AIIFR I R AR LT R S
ot T [ L (OVUUS U] SPUUT SRS JOU SUUUN PP
118 & Z 45
_1!4 22; Hdemwlm1a.5fﬁ1anﬂau§emmr&mm_ ----------------------------------------- asnmmnid
“112 m_ ||||||||||||||||||||| KRR LEEREEE. e rre == fa i mmay
L1103 23., ............................ B e Y 0
*-'EDE 2&4 ---------------------- -%
06 50 :
-1t L S N CCL LA LEAAAAT Rty Sl sinranfererraa - .:;
=02 = 1 [ 1 L b Rl tE Rl Il sl I :
LA DY =%+ [ + 4 | heeeeeen i PR ST RN
gt 4 [ +1r by ::- ------ e I A
e 40
Lo 2 [ S N PEPPETY PEPROR (RPN AN D RPN PO
-ﬂ “ -----------------------------------
-sﬂ .......................................... P
1
e w4 L P e e .
1
a8 SD‘J
COMPLETION DEPTH: 20.5 DRILLING METHOD: 8-in. dia. Hollow Stem Auger
DEPTH TO WATER: Not Encountered HAMMER TYPE: Automatic Trip
BACKFILLED WIiTH: Cultings‘concreie cap DRILLED BY: S/G Teeting
DRILLING DATE: August 13, 2003 LOGGED BY; NdDerbidge

CHECKED BY: JOBlanchard

mmwmwmawamm-nnuinedd&nmwm:um
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1.OG OF DRILL HOLE NO. DH-409
Los Osos Wastewater Project
Los Osos, California PLATE A—‘ID




Montgomery Watson Harza
Project No. 3055.001
LOOATION: alersection of Liag Dr. am Palisades Ave. i Es
& ; : i Py
i e gg 2 % E% SURFACE EL: 145.5 R +/- {rel, BSE, dalim) EE EE‘ E’E %% giﬁ_ %: g‘g
E E ui 7] == L
= E E= g Ll x| 2o [O% (alizZ
= = 5 =o F a = g
§ 83335 e el
MATERIAL DESCRIPTION =178
ARTIFIGIAL FILL {af)
144 1 Z tg -4 Asphalt conerefe gver 16" aggregate base
A EE SANSDERGSITS e R U SUPIU RIS N
142 Silty SAND {(SM): medium detke, red-brown, dry, fine ;
reccr. SN T i I Y I TEEERT EE RN (RO 3---—---
2 ' 10t | 82 [ 3
o deel s s e
’: 128 2 A U0 NUOE RS S
6 4 B 13 | SARDWIR st (GP-SM), mediam denee, yellewBrowr,
. i BT A molst, fine
124 12,'5,: RS bbb
132 Ak ) b . )
| ; Foork-graded SAND (8P). medium dense, yelow-orows, | ta7 | 104 | 3 |
v o L T o L
128 SO0 SO SO B O S o
; e X ag | -dense
AcLI— Hole cave buiow 16.5 feet atler augers wereremoved. | 1 | Eh
_122 24; ------------- anvenal vrsaaafreirrrafarrd macasmang
12 =4 { it v e ARCRRLT] SRERRLS SPEPIE) PEPTRPE S SEREES
AL, 2 JUUUUU SRS SUUPRRN RPN ORI
! !
- j H
s | ]
|.11‘ 32. tarsantfianarraFancrrrifranaars wrravaalsssrnnefunr--r
.112 a4 F Ot 1 eeesndheen e e RPN PR -t
-11D 36. ....... tarmnrsdearrrrifanan-ar L RS EEEE TR
L
|‘ 1o aa o - [ B N IR T -
; o
".t .“M 24 F 41 B [ - [ AN PR A T
. -‘“}2 a-< 11 ek e PR S
_‘H!O e T T e (N CPPPYPE TEPTER EEPSTE LT - 3 Jowennny
i ;
L 7 T [ L R EECLE EEERET EEETNRE CEEEERS P .E ....... c.
oo
[ 50_ [l .
Ba )
COMPLETION DEPTH. 205 ft DRILLING METHOD: B-in. dia. Hellow Stem Auger
DEPTH TO WATER: Not Encauntered RAMMER TYPE: Automatic Trip
BACKFILLED WITH: Cuitings/concrete cap BRILLED BY: 5/G Testing
DRILLING DATE: August 13, 2003 LOGGED BY: NJCerbidge

CHECKED BY: JDBlatchard

Thuhuuﬂmpumdm:uﬁmuh:ﬂmﬂmmﬂmﬁuhimﬂthnhm
Socplion Subacafecy condiiong mey dffer @t cther incetions. i writh this kPl of Hrv,

i.0G OF DRILL HOLE NOQ. DH-410
Los Osos Wastewater Project
Los Osos, California PLATE A-11




Momtgomeny Watson Harza
Project No, 3055.001

LOCATION: Ulas Dr., 57 aast of Brodarson Ava,

SURFAGE El: 143.0# +/- {rel MSL dattirn)

ELEVATION, 1t
DEPTH, ft
MATERIAL

SYMBOL

SAMPLE NG,
SAMPLERS
SAMPLER

BLOW COLNT
UNITWET

WEKSHT, pof

UNIY DRY
WEIGHT, pet
WATER
CONTENT, %

5% PASSING
#200 SIEVE
LIGUID
LIMIT, %
PLASTICITY
INDEX, %
LNDRAINED SHEAR
STRENGTH, S, ksl

MATERIAL DESCRIPTION

ARTIFICIAL FILL {af)
L__4.5" Asphalt concrete over 10.5" aqqraqate base -] P
DUNE SAND BEPOSITS {ds) ’ LA S B
Poarty graded SAND {SP): kese to madium dense, :

ved-b day e R SLL SRR freree e

s
E

T Rl Ao SHEE St A SO

- red-yeRow

B
3
g
ut

a0 S e T N E

ey

gza

j 2
1120

i3l

g

.....................................

134

Nz

1o

108

- 0 -

COMPLETION DEFTH: 20,04 DRILLING METHCD: 8-in. dia, Hollow Stem: Auger
DEFTH TQ WATER: Not Encoumiered HAMMER TYPE: Awtomatic Trip
BACKSILLED WITH: Cuttinge/corcrete cap ' PRILLEC BY: 5/G Testing
DRILLING DATE: August 13, 2003 LOGGED 8Y: NJDerpldge

CHECKED BY: JDBianchard
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LOG OF DRILL HOLE NO. DH-411
Los Osos Wastewater Project
Los Osos, California D ATE A-12




Montgomery Watson Harza
Projact No. 30355001

i LOCATION: indersaciian af Santa Masia Ave and 18ih 51 €~
; é e %E' % g 153 | SURFAGE EL: 12006+~ (rel. MSL detum) i 'g.& EE- EE‘ %E %?#_ 5:':. gg
{ =
e R e
et | 5125 % %M 5 E 5
i MATERIAL DESCRIPTION = 25
ARTIFIGEAL FiLL. (al) i-. 1
ravel, Aggregate taee, and pleces of asphait o e
118 2 oo ! . i # ...........................................
LIKE SAND DEPOSITS (Qs) .
.116 4 - ND \“‘u‘ sin (SP'SM): mﬂm der‘sef I‘&m e L A O S TR NE LR DR R R T LT
orown moist below 3 L
Lit4 8+ pnammm SAND (sp}: medium dense, kght e R i LAl (R SR
b bresvn, moist, fine o5
L1 a4 .................................................
ga :
MG 0 R=f =y
NEE=l
P HE
08 1 : :1?1
i 4- s~ NN ISR R SN JUURTUY TP B
d=aah
»-qm 1s - .- q'- ;‘_I: ...............................................
Legz 48 - =0 g (RN A P Y PO AP P
A A j A H
0D 20+ B 3
” HE
BE
log E .........................................
o Nate: Fioie reamed fo &' dameter 10 a depth of S At A SO S S
2%, Drywell instalied fn hole.
i -~ Y T [ e S R I A i e S Ry
o 39+
28 n ......................................
.M 3‘ 1 . e S SRERE LY ST RN EERREEE CEELEEL LR (L EER R Sl
_s‘ 3& 7 T S FE TR SRR ERICUEE R SRR SR MR IR R
_u m 1 L [ [ S T LD T L] RN ST Ry L T Bl Tl
B e
=T - T A i S 2l b Sl R
_?e ...................................
o T S T N A ARRE) EEEEELE EELE AR {Ebhth At A
.?2 - T e AR bl S ey S [
-70 50'-
COMPLETION DEFTH; 260 ft DRILLING METHOD: 26-in, dia. Bucket Atiger
DEPTH TO WATER: Not Encountered BAMMER TYFE: none
BACKFILLED WITH: drywed DRILLED BY: Tri-valley Drilllng
DRILLING DATE: September 25, 2003 LOGGED BY: ClLiovaty

CHECKEDR BY: JDBlanchard
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LO0G OF NO. DW-1
Los Osos Wastewater Project
Las Osos, Cafifomia - PLATE A-17




Montgomery Watson Harza
Project No. 3055.001

i LOCATICN: South side of Lugine, S0 wesl of Donna Ave, Ty !
et ; ® o s
z = %5 g E;ﬁ% SURFACE EL: 13.0R - (rel. MSL dalum} EE gé' I?‘:-‘E- %ﬁ of %3‘_ g;s
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s h|Es %%* =355 5B £5 (35153 25
i 8|3 21230 HEAE P ]
MATERIAL DESCRIPTION 25
LT ARTIFICIAL FILL {aDUNT SAND DEFOSITS (Gs)
12 kY BAND wilh: silt (SP-5M); loose to medism dense, light
| 24l arowm, dry. with fine rots L RN S .
1 RN ALLUVIDM (QalVESTUARINE DEPOSITS (Goe) A
3 ol RN SAND with silt (SP-SM): medium dense, red-brown, EhnRh St A S B I S
B oy AR ¥-~_moist, with fine roots P
L ﬁ':.v-: Smdwithsilt{SP-SM): medlumdensa. 'jﬂmﬂlﬂ:ﬂwﬁ ........................... PN A P—
] S AN
4 8 Fat CLAY {CAL medim S0t [GhE gray wih brown R S UUTUUY AU S
4 /.:d a3 [ L mottles, moist to wet = BF | 35 i
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COMPLETION DEFTH: 5.4 1t DRILLING Mmanéﬁﬁa ::Ti;:réd “.ffn“;f
DEPTH TO WATER: 55 :
BACKFILLED WITH: Cuttings DRILLEDG BY: Fugro
DRU.LING DATE: August 7, 2003 £ OGGED BY: Clovato

CHECKED AY: JDBlanchard
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10G OF NO. HA-401
{ os Osas Wastewater Project
Los Osos, California F‘LATE A-14




Monigamerty Watson Harza
Project No. 3055.001
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LOCATICON: &5 weest of Ird St., 30G zouih of E] Momo Sve. E:ﬁ
= ; 3| #!low f
é €| 24 g {% ﬁ% SURFACE EL: 12.5 1 +/- {ref. MSL dalum} EE Eé §§ %E fatd %i g;
5|3
c flE|iEe vﬁ‘ggégﬁggﬂﬁ
dﬁiﬂﬁﬁmﬁ ggﬁ # n*gé
MATERIAL DESCRIPTION S0
12 ARTIFICIAL FILL {ah
Sitty SAND with gravel {5M): medium dense, Fghtbrawt,—~ ¢t | ¢+ | b |
o '\ ; j" ................................
. 4 ALLUVIUM (QaiESTUARINE BEPOSITS (Qoa}
'y Poorty graded SAND (SP): looae to medim densa, light 1+ -werd el oo bonns
s :.‘.:.:: -sespage e e TR I R
-i 0 N TTEEECE EECEEE) ERERITE EEELELY ARELERE SRRl RRbhbi
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U S N (100 SMth sttt SO SR RN R
e *
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.--23 40
_‘33 ,‘2 ...............................................
l-az “l -------------------------------------------
-34 ‘a-. e A S R
-.,38 28 4 ‘ ....... P . AP R AR
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COMPLETION DEPTH: 251 DRILLING METHOL: 4-in. dia, fiand Auger
CEFTH TOWATER: 48 HAMMER TYRE: Hand
BACKFILLED WITH: Cuttings DRILLEDR BY: Fugro
DRILLING DATE: August 8, 2003 LOKSGED BY: Clovato

CHECKED 8Y: JDBlanchard
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LOG OF NO. HA-402
Los Osos Wastewater Project
Los Osos, Califorria : PLATE

A-15




Mantgomery Watson Harza
Project No, 3055.001

LOCATION: 155 sowh of £l Moo Ave., 507 enat of Bih SE EE
r- - = %“‘
. ) . wl F
Z = gg g i m% SURFAGE BL: 28.0fl ++ (rel. MSL. dalum) ’g";g- %E EE %@ o® %:_ g;
E nu =EE
= hi# i g Trles B2 0| ¥
= > 1= 0= & o A g
gﬂs'—" 5§m§, gggg *g :’éégg
MATERIAL DESCRIPTION & n
% TIFICIAL FILL {af]
4 A ix of sily SAND (Sh) and GRAVEL {GP % 6
.ﬁq - 1 ME SMD DEPOSITS {n‘j .m....1m- .-.B-. ......-- .....................
SAND with sift (SP-SM). medium dense, moderate
- brown, moist N EERERERRAS, EEEE B
¥ - dark gray, wet
] -gavingandsioughingneted  leeeerereesrlioediess } .....................
:
.&a a. - [ S ..---.-E----.-........ RN
Mg 10
e 24 | F L b b P
. 14 < X255 LR S Ay i [ B — [—
e w4 | FFOF e e s
.a 1&.. ....................................
L 23
.4 m; ---------------------------------
‘2 2d.| ..................................
3 26.. .........................................
P e TOaiss SRS ST SEVINE SRR RN
i
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""B ni ----------------------------------------
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1] s+  F PP P Haberen b AU TR IR PP
12 a8 4 TR S S AP T PP PP
ETRT
=T Q24 o F P b e e I I T
15 T 2 AL A F e R A N LT
20 46 4 toateadfianisindirrannaf-eacianterrrrrafiaanans [T
Lo ap U AU T ; ...................
L2450 :
COMPLETION DEFTH: 10.0 8/ DRILLING METHOD: 44n. dia. Hand Auger
DEPTH TOWATER: 55 HAMMER TYPE: Hand
BACKFILLED WiITH: Cuttings DRILLED BY: Fugro
DRILLING DATE: August 8, 2003 : LOGGED BY: ClLovato

CRHECKED BY: JDBlanchand

Tk iy A0 Sty Srwaaied g @ e adn of suul soditions sncountsred ol the-tone o difeeg Al Puh Sl
ki, SUbsreCd SoMitioeTs My e a othes lcikints A wAih vk pasrape of ime.

LOG OF NO, HA-403
l.os Osos Wastewater Project
Los Osos, California PLATE A-16




Monigomery Watson Harza
Project No. 3055.001

I’LDGA“DN: Intarsection of Santa Maria Ave and 18th SL EE
= a g & : < )_E S gm > %‘3
§ 5_:‘ =B . % 53 | SURFACE EL: 120,00 +i- {rol. MSL dalum) EE B e g: gE

Wiz a
B 8% (giE S gh'%'-m"é FEAY-EIRTAE
= == = & 3 2
MATERIAL DESCRIPTION =1
= ARTIFICIAL FiLL {aft "
X N ravel, Aggregate base, and piecas of asphal /- o e
.!13 2.:*::: Cﬂ I . PITIFIT R R A TS EETREEL SRR NI
: DUNE SAND DEPOSITS (Us) - .
..113 Auﬂﬁﬂl ﬁn{sp-s“}: mﬁmdenser tht -----------------------------------------------
e, dry, moist bedow 5 oy B
114 Poory-graded SARD (8P mediimn dense, gkt i E ..........................................
peown, moist, fine N=h=N
L112 :E (R E PP AR IR A ST
10 55
lne g E ..........................................
" ‘ 3532 ORI Y RROE SETPN (TN
(=1 I _- -E‘ ...............................................
T - E ISP S IR DO NI PP
106 . :‘E:
s HE oo
il g ..............................................
s P e o e e S T A St Rl A S R
. 2%, Drywell Instalied in hole. B ST U TR N
lag a0
ol vk D T N SN SETTILY (CLTECE] SERRRRE thEbbat RERREEE Ibhhbtd RRAh
6 L T . S FESRETY: SSRETE] STCETRD EETRIEE ERRRRED R TERY CORRE
Ha 7 N S T [ SRR ACTRPLY TIRRRE] SISEERE SELEEEY EERRERE RAARET REbERE
_az u- .........................
80 40
.—?a ‘,2 ................................................
78 P [ s S LLCZREE -EoEEret FOTSTRE SPTTERS FEPPETY TR
HTA T 2 S e Rk Atahid EEEAIEL EREEILE ERELEEE EAEELLT RS .%
] A I S T IR CPPPIPE TYERE FIEPYEE EREEEES EEREEES e r
70 S0
COMPLETION DEPTH: 2601 DRIELING METHOD: 38-n. dia. Bucket Auger
DEATH 7O WATER: Mot Encountered HAMMER TYPE: none
BACKFILLED WITH: drywell CRILLED BY: Tr-Valley Drilling
DRILLING DATE: September 25, 2003 LOGGED BY: CiLiovalo
CHECKED BY: JDBianchard
Y ko and G presanted s 3 simpirczdon of 2caRl condiioos sscountersd ot e time of drifing i Vi CEsd
Mobhiiet TubriakFbol eotiliatel ik ONRSC 1 Oher Ktadiomy mhd wich i passage of tnw .
LOG GF NO. DWA
Los Osos Wastewater Project
Los Osos, California PLATE A-17




Montgomery Watson Harza
Project No. 2055.001

LOGATION: intarseciion of Sanla Maria and 18th St 17 north of §§
& . . % n. D1, .E- '2 *_ %m ﬁ Eﬂ}i
§ = 2 &1 G | SURFACE EL: 12000 +/- {rmi. MSL datarn) i E - mg =R iR 5T 2%
& E Wiatg Et_:*‘ Eif BEizele &
£ hiLs (B8 550 55 22/98 93 22
aﬁ 2 %ww %E E %,aﬁ zg—éﬁ
MATERIAL DESCRIPTION @
DiFNE SAND DEFOSITS (2#)
Sand with sitt (SP-SM): medium dense, light brown, dry | N T DUTE PR NI
~ Grades to peorly-graded SAND (&P). medium danse, NS O R T N S
light brown, molst SR TR DUSIR RS S S
20 9 | - crange brown oo 4 | Lk
X 7
% {amy | - lght brown 1o tan 121981 4
X 29 T 3 ¥
% (65) | -denss, very few pockets of light gray/buff, dry sity 44l i8] 5
SAND (SM) from 245 R¥0258 | St I S SO S
Z a9 | -very few noduies {025 inch dizmetar) of light graybusf
slity SAND (SM) to sandy SILT (ML}
i (51) 108 | w2 | &
Z 43 5 ]
U 4y | -with 0.25 inch diamater pockets of sandy ST (ML)t | 1pg | 103 | 2
g silty SAND (SM), sightly comented, fight graybul | ... ) Shott RSt SRR SRS ST A
R Y 2 az -] X
} 2" ateel casing installed; Backfled with sative sand.
COMPLETION DEPTH: 51.01 DRILLING METHQD: 84n. dia Molow Stern Auger
DEPTH TG WATER: Mot Encourtersd HAMMER TYPE: Automatic Trip
BACKFILLED WITH; Nafive Materials DRILLED BY: /G Driiling Company
DRILLING DATE: September 26, 2003 _ LOGGER BY. Cliovato

CHECKED BY: JDBlanchard

Thet K el ibw Ssadke ] ard 1 snpithexron of Lol condiions secouniored 4 B i of FENG AL the Criled
woske, Subsatica condtiors mary il o ot Saions 1nd weh B parRGE O tme,

LOG OF NO. HP-1
Les Osos Wastewater Project
Los Osos, California PLATE A-18




Mantgomery Watson Haza
Project No. 3055.001
LOCATION: 18%h St. approxmataety S0° Narth of Santa Maria Eg
= i Lea . Ava, 'E_ R %} ?__ g.;‘:
5 = i’§ 2 “‘é SURFAGE EL: 112,01+~ (iel. MSL datum) 2 EC ey EE oR | E* BY
g ElE2lulds AP
$ hlESiE3E 58 |20/5z 18/53 120 22
3 20 51589 gg 2178 = r%g
MATERSAL DESCRIPTION 47
ARTIFICIAL FILL {af}
2 MNggregate base: /] o I S NPT DRV I
[ DUNE SAND DEPOSITS (s} |77 ) ’
10 Gand with sitt (SP-SMY: Ioose, light brown, dry 7
1 Srads 10 paorly graded SAND (8PY, medum Gmrge, |z e
108 T an | e, BFY: medum 1318 8
|- | - medium dense, crange brown to brown, maist ool peeer e preeeee B
106
-154 Z 18
1m0z
100
. - with pockats of light brown: to light grayibuff sanay SLT | 'yaa [ 108 | 4 | S I B
* % 0 T MOfomtanezenay [T E DU
|
o4
! N
0
0
A % 0 S ST S
B85
-2
A Z 32
az .
aa
A § g | - T e I S oo
S 0 e N o U S g
T4 §
L 50 :
»
L sAa .t ke Ol Areraardcaaer paagafporeeradiaaaadd HEFFFERE PRSP
68 @(ﬁﬂm W8 |2 8 %
A X 4t 4 12
& — [ 7" steel casing inatalled; backmlled wilh nafive sand.
COMPLETION DEFTH: 51.0# DRILLING METHQD: 8-in. dia. Hollew Stem Auger

DEPTH TC WATER: Not Encotintered
BACKFILLED WITH: Native Materiale
DRILLING DATE: Sepfemnber 28, 2003

HAMMER TYFE: Automatic Trip
DRILLED BY: £/G Driing Company
LOGGED BY: CLLovake
CHECKED BY: JDBlanchard

wmpcatien of stual cwition encourdermd 2t e tme of dil'y] $ U driked

The g wnd data,
ng Pt WL

LOG OF NO, HP-2
Los Osos Wastewater Project
Los Osos, Califomia
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Montgaomery Watsan Hatza
Project No. 3055.601

i LOCATION: 16 fant nosth of Prototype Parolation Lina 33
¥ ; %6 % i ﬁ% SURFAGCE EL: 187.0R +/- {raf. MSL datum) E E"E Eé EE— %a %az_ %i E;
PE ] o = @ [k =
;a:n.iﬂgn_ﬂ- O {E5ikElsEidg |8 §22
: WlEn 2 'g' N ZE2i£6 gg as a5 g_ z
§ B35 g3 REHERAE b
MATERIAL DESCRIPTION L Sin
QoIS DUNE SAND DEFGSITS (Qds)
5 B ARE Sand with siit {SP-SM): loase, dark brown, moist,
- 2..:::+ :: wﬂhmtsdmtqﬂ,ﬁfﬁﬂi -------------------------------------------------
" SRS - moderate brown below 3 feet i [ N FUUR AUUVUUN SUTOVIN NOPURRH PRIy
-192 ATk - dark brown below 4 foet
1 g Lok - medium dense below 55 feat 0 B B feeos IUUTUS ORI SUUN BERORN
R s 1 - brown below 6.5 feet
- s- L 70 30 3 T <~ = I ="« EEETF TR R R RE R SRR SRR Ul il Bl
8 Tand (GFY To SAND with =i (SP-SH). medum | -1 -
3 " 1 denas to dense, light brown, dry fo maist, with
b nodutes of weakly cemented SAND with silt
i 43 SPSMyfositySANDGMY || [ DUPTUUY DTS R SUPI SUT
184 drive sample was not recovered; grab samgple
5 14 4 odbained 0T e b s R I
182 Instailed 1-inch PVC pipe monftoring weli with 12
. 14 4 mmm" ....... e e T AR IR
185
L 15. ....... e IR R R TR LN I M BT
1Ta
- 2
18
i P S N SN SUUYON ARUSI RPN SUSROTS SHPINS SRS AR
174
| 2.‘- ------------------------------------------
17
. =4 F i v v E e PP R A I - I
170
- m« P R e LR R ST P T T E PR
15
3 w—
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- 32— ...........................
184
. R S RN RO STV AT
1 :
1=
- ”- PRSI M I EEE LRl E T ) RN
158
3 A0
154
154 i
152
- ; ..;_. afverernalimre e rlaaaaaad e e
150 : ;
- 43 4 E ....... faeiees N S PR
148 i
=3 m—
148 ! :
COMPLETION DEPTH: 100 DRILLING METHOD; 4-in. dia. Hand Auger
DEFTH TO WATER: Not Encountered HAMMER TYPE. Hand
BACKFILLED WITH: Muonitoring Wel DRILLED 8Y: Fugm
DRILLING DATE: March 26, 2003 LOGGED BY: Clowato
. CHECKED 8Y: JDBianchard
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L.OG OF NO. MW-3
l.os Osos Wastewater Project _
Los Osos, California PLATE A-20




Montgomery Walson Harza
Project No. 3G55.001
LOCATION: Tetrninus of Alexander inte Highiand ; 5 o
= : ks i : 5 #im ?i E#E
A = g_g'g % % 'ﬁﬁ SURFACE EL: 182.0  +~ (rel. MSL daturm) E EE EE Ee Tﬁ% o® E*’. gg
2 L
s bg2iget BEAEE A e
,! T &g (33 52 D% %e|%g T 2 E
: MATERIAL DESCRIPTICN £a
T ARTIFICIAL FILL {af}
o I 2 * of SAND with it and gravel {SP.SM); brows,
\ 180 z-._‘-._._‘-: dry ETTTY STCIT I EETTLIL Ty ,‘: ..............
= K 0% 2 GUNE SAND (Qds) ; Lo
76 4- S\AND{SW}. medlumdmse.dambmm ....... ;. AEEEEEE EEEERE NI RRERRLE EEAE |’ .......
bt black, moist i
L1786 @i, beiow 2 fast [ SPOPI ETITIRY (TTTTES) EFPPRTY: PEPSITE FYETTRY
b with st {SP-BM). lcose, moderse brown,
L4 84 maxist . _ [P Y [ PP IR N
SAND (SP); medizn dense, light yailowieh el
berz  appenan browns, mois! _ .
tatiing Ly ety SAND with clry (SW); medim
s 42 denze, ta densa, Hgit brown with reddish e
muotties, moist
68 14 - Installed 1-inch PVC monitoring weell With 18-inch 1 | L L e
perforated section at botiom, i i
: 1
u.fsa 16. ....-..—;n--. ------------------------------ E .......
Lgs 18 [ T T N IR FOP A e
Mgz 20
a0 ﬂ-] ........................... (R R P
MG 7 [ . S SRR SACTELS SARRES SERbbl Bt e e e
“15 m- ...... TR FEETTYE A BEEEEE: PR FIFEE
.15‘ m. I S R ETETEE ET T } ....... B TR TEIRE
5z 30
] 2 4 wwwnrrfraacaraJanvaniafivarera| s iaaas R KRR
bida 344 1 B §F % e e (R b A A
O N AN (YCRPPS PNV PRI L R o
Lrasg 4 1 FEr Y g I MR I | .......
ST - : i
bige 42 ;. ...................................
iz FI N P O S [ T
Mag 404 ROV PPN R j ............................
Lias 45 4 SRR IO PR 3 ............................
32 50
COMPLETION DEPTH: 100 f DRILLING METHOD: 4-in. dia. Hand Auger
DEPTH TOWATER: Het Encountered HAMMER TYPE: Hand
BACKFILLED WiTH: Monitoring Wek DRILLED BY: Fugro
DRILLING DATE: March 26, 2003 LOGGED BY: CLovalo

CHECKED 8Y: JDHlanchard
mwﬂwwunlw:mmuwn?ﬂmﬂthhdw

LOG OF NO. MW-4
l.os Osos Wastewater Project
Los Osos, Califormia PLATE A-21




Mantgomery Watson Harza
Project No. 3055.001

1 BAR = 100 KPA = 1.02 KG/CM®
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0 1 ] 3 4 5 B

FRICTICN RATIC, FR, %

CAMPANELLA AND ROBERTSON CLASSIFICATION CHART

SOIL CLASSIFICATION CHART
Los Osos Wastewater Project

Los Osos, California PLATE A-22




Mentgomery Watsen Harza
Project No. 3055.001

Pore Pressure (—) and CPT Point Resistance, o Fizton
CHT Sleava Friction, [ tons per square foot (tsf) Ratio, %
tans per syuare foot (tsf}

ELEV, #
DEFTH
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LOCATION: Sarta Maria Avea., 125 east of 13th 56 EXPLORATION METHOLD: Cone Penetrameter
SURFACE EL: 120 ft +/~ {rel MSL datumn} FERFORMED BY: Fugro Geosciances
COMPLETION DEPTH: SD.3 1t REVIEWED BY: JDBilanchast
EXPLORATION DATE: August 5, 2003

CEFTH TO WATER: Not Encourtered

LOG OF CPT NO: CPT-401
Los Osos Wastewater Project
Los Osos, Califomia PLATE A-23




Montgomery Watson Harza
Project Mo, 3088001

Pare Fressurs (—) and
CPT Sieeve Friction, T
tons per square foct {isf}

ELEV, i
DEPTH, /&

3151412100 6 4 T 0 2 a0

CPT Polnt Resistance, a,
tens per square foot (s}

20 M0 M0 5w

B

CPT
Friction
Ratia, %

234887009

Y M
'

.21

112

110
108
108

104

LOCATION: Santa Maria Ave., 128" west of 16th St
SURFAGE EL: 141 f/ +/~ {nel. MBL datum}
COMPLETION DEPTH: 50.2 1

EXPLORATION DATE: Augusts, 2003

DEFTH TO WATER: Not Encountered

EXPLORATHON METHOD: Cone Penstromater
PERFORMED BY: Fugro Geosclonces

LOG OF CPT NO: CPT-402
Los Osos Wastewater Project

L.os Osas, Califomia

REVIEWEDR &Y: JDBlanchard

PLATE A-24




Maontgomery Watson Harza
Project Mo, 3055.001

CPT Steeve Friction, f tons per square foot (1sf) fRatio, %

3
g . g— Pare Fressyne (_:| and CPT Faint Resjstance, -8 Fre
w tons par square Toot {isf)
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78 r
m ?
o | iiiiiiictiif ioir i ii i i b g il

LOCATION: East end of Santa Maria Ave,, 345 cast of 17th 5t EXPLORATION METHOD, Cone Fenelrometer
SLRFACE £L: 120 #t +/- {ral. MSL daturn) PERFORMED BY: Fugro Geasciences
COMPLETICON DEPTH: 503 ft . REVIEWED BY: JOBRanchard
EXPLORATION DATE: August B, 2003

DEPTH TO WATER: Not Encountered

LOG OF CPT NO: CPT403
L os Osos Wastewater Project
Los Osos, California Pl ATE A-25




Montgomery Whatson Harza
Project N, 3055.001

P E | e cm GO Pl retacn ri
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LOCATION: 13th S, 260 north of San Luis Ave. EXPLORATION METHOD: Cone Penetrometer

SURFACE EL: 98 #t +~ (vel. MSL datum} RERFORMED BY: Fugro Geoeclences
: COMPLETION DEPTH: 30.3 ft REVIEWED BY: JDBianchard
! EXPLORATION DATE: Auguet 7, 2003

DEPTH TC WATER: 167 #

LOG OF CPT NO: CPT-404
Los Osos Wastewater Project
i.0s Osos, California PLATE A-Z6




Montgomery Watson Harza
Project Ne. 3055.001

Pore Pressute {(—) and CPT Pairt fResistance, g, Friotion
AT Sleave Frictan, tong par square foot (s} Rato, %
tans per squars foat (tef)

ELEV. &
DEFTH, &

1B1B1472108 6 4 302
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H
T gy A A W e ikl s ot

117

0
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14

=14

LOCATION: 158 south of El Momo Ave., 90 east of 8th 5t EXPLORATION METHOD; Caone Pmem:_nmeter
SURFACE EL: 26t +/- {rel. MSL datum) PERFORMED BY: Fugre Gecsciences
COMPLETION DEPTH: 503 1t REVIEWED BY: JDBlanchard
EXPLORATION DATE: August 8, 2003

DEFTH TOWATER: 61

LOG OF CPT NQ: CPT-405
Los Osos Wastewater Project
Los Osos, California PLATE A-27




Monigomery Watson Harza
Project Mo, 2055.001

Fore Pressure (—) ang CET Paint Resistance, Li 8 Frictkimn
CPT Sizeve Friction, f tone per squars foot {tef} Rativ, %
tons persquare foot (tsf)

ELEV. it
DEFTH, &t

IEURWE e 420 2] W0 a0 40 e om0 W 123458 78c¢8

ROk B

PETETY R B B &

LOCATION: Intersection of 2nd 51, and El Moo Ave. EXPLCRATION METHOL: Cane Penstrometer
SURFACE EL: 1 % +~ {rel. MSL datum) PERFCRMED BY: Fugro Geosclences
COMPLETON DEFTH; 403 # REVIEWELD BY: JDBianchard
EXPLORATION DATE: Auguet 6, 2003

DEFTH TCWATER: 26%

LOG OF CPT NO: CPT-406
Los Osos Wastewater Project
lL.os Osos, California PLATE A-28




Montgomery Watsen Harza
Projest No. 3055.001

Fore Prezsure (—) and CPT Point Resistance, g, riation
LPT Sleeve Friction, T ions per sguare fout {1sf) Ratio, %
tens per square foot {tsf}

ELEV. R
DEPTH, &

W w0 w0 e 12348687

e
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WIBU2I086 4202
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S

aomaa
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RO

50

LOCATION: 50 west of 326 58, 310 south of El Mama Ave. EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: 13 ft v/~ {rel. MSL datum) PERFORMED BY: Fugr Geasciences
COMPLETION DEPTH: 372 8 REVIEWED 8Y; JDBtanchard

EXPLORATION DATE: August 6, 20603
DEPTH TOWATER: 3.5

LOG OF CPT NO: CPT407
Los Osos Wastewater Project
Los Osos, Califormia PLATE A-29




Montgamery Watson Harza
Praject No. 3055.001

= = ) CPT

4 Pore Prassure [~ a3 CPT Puint Resistance, q, Friction
@ CPY Steeve Friction, [ tons per sguare foot (isf) Ratio, %
u iors per squass Joof (tef)

1BIIFRI08 8 420 ] . X0 w o

K TR 1 4 M ,
. M H | N . H H .

KRB £ ¥ £ B B £ & B A A & & & B B8 T BT R ORBR'E

E TR 8 &

LOCATION: Fismeo Ave., 125 west of 10th St EXPLORATION METHOD: Cone Penetrometer
SURFACE EL: 83 ft +- (rel. MSL datum} PERFORMED 8Y: Fugro Geosciences
COMPLETION DEPTH: 0.1 # REVIEWED 8Y: JDBlancharg
EXFLORATION DATE: August 7, 2003

DEPTH TO WATER: 405 f

LOG OF CPT NO: CPT-408
Los Osos Wastewater Project
Los Osos, California PLATE A-30




Montgomery Watsen Harza
Project Np. 3035.001

Fore Pressure (—-)and CPT Feint Resigtance, q, Friction
CPT Sieeve Friction, T tons per sguare foot (isf) Ratia, %
tons per squate Mot (isf)

ELEV. 1t
DEFTH, &

18381412708 8 ¢ 202
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3
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L T T B S Y TIPS
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saiaes

& 8 £ B & 28 R £ &% 8 &8 B 2 B £
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Y S R OIT FUSTTY. [TPPLNUUITY JPPT Jp- s

34 384 .

a2 40— i

fag 4z

28 44 1

26 a8

2a a5 4 :
72 5 ] :

{LOCATION: 18th St., 50 sauth of Paso Robles Ave. EXPLORATION METROD:. Cone Pencirometar
SURFACE EL: 721 +/~ {rel. MSL dalum) PERFORMED BY: Fugro Geostiences
COMPLETION DEFTH; 40.4 #t REVIEWED BY: JDBianchard
EXPLORATION DATE: Avgisst 6, 2003

DEFTH TOWATER: 7.8H

1.OG OF CPT NO: CPT-408
Los Osos Wastewater Project
Los Osos, California PLATE A-31




Mantgomery Watson Harza
Project No. 3055.001

Pore Presstre (—} and CPT Point Resistance, o, Fggfm

CFY Sleave Friction, { tofrs per square foot (sh) Ratio, %
tons per square foot (isf)

ELEV. 2
DEFTH, Rt

18381412198 5 4 2 ¢ 2
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LOCATION: Pismo Ave., 155" west of 15th St. EXPLORATION METHCD: Cone Penetrameter
SURFACE EL- 112 ft +/+ {rel. MSL datum} PERFORMED 8Y: Fugro Geosciences
COMPLETION DEPTH: 50.0 ft REVIEWED BY: JDRlanchard
EXPLORATION DATE: August 5, 2003

DEFTH TO WATER: 4251

LOG OF CPT NO: CPT-410
{.os Osos Wastewater Project
Los Osos, California PLATE A-32




Montgomery Wateon Harza
Project No. 3055.001

£ F!  PorePressure () and CPT Point Resigtarice, g, ol
o CPT Sleeve Friclion, f tons per square toct (tsf) Rakic "
o ® tars per syuare foot (tsh )
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LOCATICN: 3th Bt., 130 norih of Ramona Ave. EXPLORATION METHQD: Cons Penetromeiar
BURFACE EL; 731+~ (rel. MSL dafum} PERFORMED BY: Fugrs Gensciences
COMPLETION DEPTH: 30.5 #t REVIEWED BY: JDtHanchard

EXPLORATION DATE: August 7, 2003
OEPTH TO WATER: 4.5

1.OG OF CPT NO: CPT-411
Los Osos Wastewater Project
t.os Osos, California PLATE A-33




Project No. 3055.001

R

Pore Prassure {(—) and CFY Paoint Resistance, g, FE::':Im :
CPT Sloave Friction, { tons per squara foot {isf) Ratio, %
tons per sguare foot (159

DEPTH, it

WIE14I2108 8 420 2 ¥« e on 1234688758 ¢

g % & & 8 8 %

gl

5 2 & &

5

8

LOCATICN: San Luis Ave., 45" east of 9th St EXPLORATION METHOE: Cone Penetromieter
SURFACE EL: 85 ft +/- {red. MSL datum} PERFORMED BY: Fugre Geosciences
COMPLETION DEFTH: 30.3 4 REVIEWED BY: JDBlanchard
EXPLORATICN DATE: Auzgust 7, 20083

DEPTH TO WATER: 2058

LOG OF CPTNO: CPT-412
t.0s Osos Wastewater Project
Los Osos, Cakfomnia PLATE A-34




Monigomery Watson Harzs
Project No. 3055.001

&
&= -
= B Pore Freasure (-~} and CPT Point Resistance, 4. Friction
g [ CPT Steeve Friction, 1 tons per square foot (i1 Ratio, %
& | tons per square fodt {ish :
15181412108 B 4 2 0 2 WG OR B0 4p BN BK A 123458 7B Y

PR I

4

LOCATION: Donna Ave., S0° south of Lupine St EXPLORATION METHCOD: Cone Pencirameter
SURFACE EL: 12 ft +/~ {mef. MSL dahum} PERFCRMELD BY: Fugro Geosciehces
COMPLETION DEPTH: S0.3 1t . REVIEWED 8Y: J{0Banchard

EXPLORATION DATE: August 7, 2003
DEPTH TOWATER: 5

LOG OF CPT NC: CPT-413
Los Osos Wastewater Project
Los Osos, Califomia PLATE A-35
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Montgomery Watson Harza

Project No, 3055.001
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Montgomeny Walson Harza
Project No, 3055.001

U3 5TD SIEVE BiZE US STD SIEVE SIZE HYDROMETER ANALYSHS
INCHES MUMBERS
£l 1.8 g B 4 18 20 40 100 200

WG -

Pt L

--------------------

PERCENT FINER BY WEIGHT

.00
GRAIN BIZE IN MILLIMETERS

; GRAVEL SAND

: T - BILT or CLAY

: Cosrsa [ Fine Coarse I Medium Fine

LEGEND CLASSIFICATION Cc Cu
{ocation} {depth, k)
C DH-4 4.0 Poarly graded SAND {(SP) 0.8 .6
» OH-402 14.0 Pogrly gradad SAND {SP) 1.8 18
& DH-404 2.0 Poorly graded SAND with slit {SP-Sh) 14 2.8
Fy DH-£08 180 Clayey SAND (3C)
@ DH-408 290 SAND with clay and gravel {SP-5C) 0.7 88.7
o D408 20 Poorly graded SANLD {SF) 0.8 1.5
e D411 15 Poorly graded SAND {SF) 0.8 15
o DH-412 5.0 Siity SAMND (Sh)
a HP-1 i85 Poorly-graded SAND (S5P) o.e 16
& HP-1 385 Poarly-graded SAND [{SF} 0e 18
GRAIN SIZE CURVES

Les Osos Wastewater Project
Los Osos, Caiifornia PLATE B-2a




Montgomesy Walson Harza
Project Mo, 3055001

US 8TD SIEVE SIZE
INCHES

3 15 34 a8

UE §TD SIEVE SEZE
NUMBERS

HYDROMETER ANALYSIS

(RS TR

PERCENT FINER BY WEIGHT
3

20

10

100 10 1 0.1 0.0 0,601
GRAIN SIZE N MILLIMETERS

GRAVEL SAND

SILT or CLAY i

Coase | Fine Coorse | Medum | Fine :
LEGEND CLASSIFICATION Ce Cu

{location) {depth il
o HP-1 49.5 Poorly-graded SAND (SP) 0.9 17
a HP-2 49.0 Poorly-graded SAND (5P} 0o 1.7
& L3 45 Poorly-graded SAND (SF) 1.0 1.6
A~ B-2 48 Pootly-graded SAND (5P} 0o 1.4
@ P-6 48 Paootly-graded SAND (SP) oy} 1.7
o] P10 4.9 Pooty-graded SAND (SP) 0% 1.7
Y P14 50 Poorly-graded SAND (SF) 8 1.8
o Pty 4.5 Foatiy-graded SAND (SF) Q.8 1.5
o P-24 45 Poorly-graded SAND (SF} o8 1.6
& P-28 45 Poorly-graded SAND (SP) 11 17
GRAIN SIZE CURVES

Los Osos Wastewater Project
Los Osos, California

PLATE B-2b




Mantgomery Walson Harza
Froject No. 3055.001

U5 5TD BIEVE B3IZE US STD SIEVE SIZE HYDROMETER ANALYSIS
INCHES NUMBERS

3 15 1z ] ] a4 10 20 48 108 200
R T: : : ;

PERCENT FINER 8Y WEIGHT

G0 10 1 a1 - g.01 0.0
GRAIN SIZE IN MILLIMETERS

GRAVEL SAHD
T SILY or CLAY
Coarse | Fing Coarse Medium Fine
LEGEND CLASSIFICATICN Ce Sy
{location) {depth ft}
o Pt 4.5 Pocriy-graded SAND (3P} 08 3.7
L P32 4.8 PooHy-graded SAND (SP) .08 1.5
& P-3W3 4.5 Poorly-graded SAND {SP} 0.8 1.6
F Y P-5P 4.5 Poory-graded SAND (SP) 0.8 16
0] P-8p2 4.5 Poary-graded SAND (SP) 0.9 1.5
o] P-3P3 4.5 Poorly-graded SAND (GP) ‘0.9 1.5
A TH-3 290 SAND with sit {SP-SM) 1.8 31
GRAIN SIZE CURVES

Los Osos Wastewater Project
Los Csos, California RPLATE B-2c¢




Maontgamery Watsen Harza
Project No. 3055.001

US STD SIEVE SKE LIS ETD SIEVE SIZE HYDROMETER ANALYSIS
{INCHES NUMBERS
3 1.5 34 - HE 4 i 20 45 100 200

PERCENT FINER BY WEIGHT

Q.1
GRAIN SIZE IN MILLIMETERS

| GRAVEL SAND
[— T - - - SILT or CLAY
Coarse | Fine Conrse J Medium Fira
LEGEND CLASSIFICATION Ce Cu
Tocatiors Taepth .
O D=1 o0 Poorly-graded GRAVEL with sand {GP} - Drywel 14 28
L ] 5 0.0 Poorfy grades GRAVEL (GP) - Percodation Line os 4

GRAIN SIZE CURVES
L.os Osos Wastewater Project
Los Osos, California PLATE B-2d




Montgomety Watson Harza
Project No, 3055004

100

S . A e SRR S e SR S 2GR

PLASTICITY INDEX (P

10

: P :
b o % £ i 50 50 7 %0 En T

MLior OL

LEQUID UIWT (LE)

ATTERBERG LIMITS TEST RESLLTS

LEGEND CLASSIFICATION R v N

lncalion capth, It

DH-406 24.0 Lear CLAY (CL) 34 7 27
DH-405 34.0 Leanh CLAY (CL) 39 20 18
HA-ST 8.0 Fat CLAY (CH) 57 22 3=

>80

PLASTICHTY CHART
Los Osos Wastewater Projact

Los Osos, Califernia PLATE B-3




Maontgamery Watson Harza
Project No, 3055.001

4.0

SHEAR STREESS, ksl

0.0 - : ! B - ! H - - - .
a0 183 1.0 1.8 20 25 30 25 4.0 4.5 5.0 85 60

. HORMAL STRESS, ksf

COHESION, ksf 0.2
ANGLE OF INTERNAL FRICTION, deg 28
LOCATION DH-484
DEPTH, ft 38
MOISTURE CONTENT, % 7.5
UNIT DRY WEIGHT, pef Be.5
MATERIAL DESCRIFTION Poorly graded SAND with silt (SP-SM)
SAMPLE CONDITHON Remoeld to 90 % R.C.
DIRECT SHEAR TEST RESULTS

Los Osos Wastewater Project
Los OSDS_, Califomia PLATE B-da




Montgomery Watson Harza
Froject No. 3055.001

4.3

SHEAR ETRESE, kaf

0.0 N N H : N N - : y h '
6.0 [+ 1] .0 15 20 2.5 o 35 4.0 4.5 50 £5 6.0

. NORMAL STRESS, ksl
COHESION, ksf 0.2
ANGLE OF INTERNAL FRICTION, deg 2f
LOCATION DH-405
DEFPTH, ft 25
MOISTURE CONTENT, % 70
UNIT DRY WEIGHT, pcf 89.5
MATERIAL DESCRIPTION Foorly graded SAND (SF)
SAMPLE CONDITION Remold o 80 % R.C.

DIRECT SHEAR TEST RESULTS
l.os Osos Wastewater Project
Los Osos, California PLATE R-4b




Montgomery Watson Harza [ 4]

Project No. 3055.001 : iﬁ""“

4.0

SHEAR STRESS, ksf

o0 oS 1.0 1.5 2.0 25 o 35 4.8 L X 5.0 55 an
NORMAL STRESS, ksf

COHESION, ksf 03
ANGLE OF INTERMNAL FRICTION, deg 28
LOCATION HA-401
DEFTH, ft 2-5
MOISTURE CONTENT, % 8.5
UNIT DRY WEIGHT, pef g6.8
MATERIAL DESCRIPTION BAND with silt {(SP-SM)
SAMPLE CONDITION Remoid o 90 % R.C.

MRECT SHEAR TEST RESULTS
Los Osos Wastewater Project
Los Osocs, California PLATE B-dc




Montgomery Watsen Harza
Praject No, 3055.001

SHEAR STRESS, kst

4.0

0.5 1.0 1.5 20 25 3.0 35 4.0
. NORMAL STRESS, ksl

COHESION, ksf

ANGLE OF INTERNAL FRICTION, deg

LOCATION

DEFTH, #t

MOISTURE CONTENT, %
UNIT DRY WEIGHT, pef
MATERIAL DESCRIPTION
SAMPLE CONDITION

DIRECT SHEAR TEST RESULTS
Los Osos Wastewater Project
Los {Osos, California

4.5 50 55 6.0

2

28

HA-4063

0.5-5

6.0

8.1

SAND with sit (SP-SM)
Remold to 90 % R.C.

PLATE B-4d




Monipomery Watson Maza
Froject No. 3055.001

135

'"'?'"'?zﬁﬁéﬁﬁ'vﬁLiﬁSﬁUﬁEﬁ"”i"”
vl HGEEEESRIS L L
i [TeslMethod:f ASTM E11857 |

B o
e
T
]
>-.
14
]
e
Z 15
165 |
100 - - " . . Z Z Z
o 5 10 15
MOISTURE CONTENT, %
MAXIMUM UNIT  OPTIMUM WATER
LEGEND CLASSIFICATION DRY WEIGHT, pef CONTENT, %
e e
O DH-a04 3.0 Poorly graded SAND with silt (SP-SM) 1105 75

COMPACTION TEST RESULTS
Los OQsos Wastewater Project
Los Osos, California PLATE 8-5a




Mantgomery Watson Harza
Project No. 3055.001

L IR R U - oo A
g A b s s Gonves
SO SO FOOE JURE O SUUEFONY : it feeeen ABRT 280 ORTR DL
i TestMethed:| ASTMDISST !
130
125 |
E 1y
[
X
o
&
o
=
% tis
110
‘105:
100 |
o
MOISTURE CONTENT, %
MAXIMUM UNIT OFTIMUM WATER
ftncalion) depth, f i '
O D-405 Z0 Poorly graded SAND [(SF) 1105 70

COMPACTION TEST RESULTS
t os Osos Wastewater Project
Los Osos, California PLATE B-8b




Montgomery Watson Harze
Project No, 3055.0(1

LMIT DRY WEIGHT, pot

135

120

125

120 ;

115

110

105

100 |
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