





Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

M

TABLE OF CONTENTS

PROJECT DESCRIPTION........ccccoeriiennne eeramnreeeeesrereetiiaerreeeaasaeaeseaeseeeesesineean 1-1

1.1 PIPELINE NETWORK ......cooiiiii ettt e e snin e s 1-1

1.2 PUMP STATIONS ...ttt ee s s e 1-1

1.3 TRI WWASTEWATER TREATMENT PLANT .....oooiiiiiie e, 1-2
1.4 EFFLUENT DISPOSAL SITES..........ooiiiieeie e siiees e 1-3

SITE DESCRIPTION .....ooiiiee ettt rmar e senas e s s s ennnee e 2-1

2.1 PIPELINE NETWORK ......oooiiiiiieiiiitiieerirece st 2-1

2.2 PUMP STATIONS ...ttt e et e e e s rane s e nre e e e enes 2-2

23 TRI WWASTEWATER TREATMENT PLANT ..., 2-2

24 EFFLUENT DISPOSAL SITES.........oooiiieeee et e 2-2

WORK PERFORMED.........oo ittt s s e ne s 31

3.1 PURPOSE ...t st 3-1

3.2 SCOPE................... U PSTTOTPRRRRURO 3-1

3.3 PREVIOUS STUDIES.......coo oottt e 3-3

34  FIELD EXPLORATION ......oiiiiiiiiiiiecii et e et e e 34
R I B B 4[] 15 T OSSP P OPPRR 34

3.4.2 Cone Penetration Testing........ccccovvuiieeeiciiiee e, 3-5

3.4.3 Hand Auger BONNGS ......cocuueiiiiiieecciieeer et 3-5

3.4.4 Backhoe TrenChes............oeiiiiiiiiiiiieeeee e e 3-6

3.5 LABORATORY TESTING.......ooiiieie e 3-6

3.6 PROTOTYPE TESTING FOR EFFLUENT DISPOSAL SYSTEM............ 3-7

3.6.1 Percolation Testing............ccoooeiiiiiiee e 3-7

3.6.2 Double Ring Infiltrometer Testing .........cocoveiiriiiaieec e, 39

3.6.3 Prototype Percolation Line..........ccccueiiriiimiiieiicee e, 3-11

3.6.3.1 Line Installation.............cceiveriiniiiiieiee e 3-12

3.6.3.2 Monitoring WIS ...........ovmiiieeeiiiceereee e 3-13

3.6.3.3 Prototype Percolation Line Testing.........cccccoveereriennrieniennen. 3-13

3.6.4 Drywell Testing ....cccoeiiiiiic e 3-15

3.6.4.1  Drywell Installation.............ccocvvireriiimniniieie e 3-15

3.6.4.2 Monitoring WEIIS ........cocuiieiiiiieiie ettt 3-16

3.6.4.3 Prototype Drywell Testing........cccoovveveeriiiiiiicceeeeeee e 3-16

3.6.5 Previous Prototype Test ReSURS ........c.covieeiiiiiiiniic e 3-18

3.6.5.1 M&E (1996a) Prototype Percolation Ponds..............ccccccoeneee. 3-19

3.6.5.2 M&E (1997) Prototype Drywell Testing.........c.cocooeieiiiniinnnnee 3-19

3.7 GENERAL CONDITIONS AND LIMITATIONS ... 3-20

SITE CONDITIONS ... et b e st mn e e 4-1

4.1 GEOLOGIC SETTING .......eoiiiiieiteeeee e s e ser e rree e seae i s er e nrenaas 4-1

4.2 FAULTING ...ttt e n e e e n e e 4-1

4.3 SEISMIC CONDITIONS ...ttt ee e 4-2

4.3.1 Historical SEISMICItY ............ccevieeiiiiercee e e 4-2

ii




Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

!

4.3.2 Probabilistic Seismic Hazards Analysis ..............couveveiiemiieivvenvieeeeeeveenn. 4-3
4.3.2.1 BacKgroUnd...........ccoeeiiieeiiimmiieee e e e e re e e e e ee e nenne 4-3

4.3.2.2 MethodoIOgy .......oouiieiiiiicie et 4-3

4.3.2.3 Peak Horizontal Ground Accelerations............cccceeveevvvveriinennennn. 4-4

4.3.2.4 Site Response Spectra.........cccveeiiiiiiiiicce e 4-5

4.3.2.5 Spectral Values for Long Periods ............cccocoiciiimiiiiiinicciiiiene 4-5

4.4 SUBSURFACE CONDITIONS........ooooeiteee et 4-6
441 PipeliN@ Areas.......cccoioviieeiiieee e 4-6
4.4.1.1 Pavement Conditions...........ccccovvviviiiiiiiie e, 4-6

4.4.1.2 Soll Conditions..........cooveviiiiiini e 4-9

4.4.2 Pump Stations and Standby Power Buildings..........c...cccccccoiinnnis 4-12
4.4.3 Tri WWastewater Treatment Plant................oooovvviiiiiiiiiiiiiienieees 4-14
4.4.4 Effluent Disposal SHES........cooiveiivviiiii e 4-15
4.4.41 BroderSOn Sie .......coieiiiiiieeee et 4-15

4442 SantaMaria Avenue Site ........c..ceevveeiieiiei e, 4-16

4443 PiSMOAVENUE SIte....ccooiviiiiiiiieiiiiiiiieeieeeeieeeeeee ettt aeaeeees 4-17

45 GROUNDWATER CONDITIONS ... 4-17
GEOLOGIC HAZARDS ASSESSMENT ...t 5-1
5.1 FAULT RUPTURE ..........co et e e 5-1
5.2 STRONG GROUND MOTIONS ...ttt 5-1
5.3 LANDSLIDES AND SLOPE STABILITY ....coooiiiieiieeecie et 5-1
5.3.1 Slope Stability Evaluation for Reinforced Retaining Walls................... 5-1
5.3.1.1 Slope Stability Criteria...........ccccocecverieeriiiiiieiieeeeeer e, 5-1

LSTC T IVZA Y o o] {0 = e [ 5-2

5.3.1.3 Summary of Slope Stability Results...............cccvemveeeeeeieiiicnnnens 5-2

5.4 GROUND LURCHING ... eee e veree e 54
5.5 EXPANSIVE SOIL ... ea e e 5-4
5.6 TSUNAMIS AND SEICHES. ...t sse e 5-4
5.7 SOILEROSION ...t e et e e e e e snaarens 5-5
5.8 LIQUEFACTION AND SEISMIC SETTLEMENT .........cooocviiiiiviiiiiienns 5-7
5.8.1 San Simeon EarthqUaKE............cco oo e 5-7
5.8.2 PiIpeling NEtWOTK..........uic e s s e s s 5-8
5.8.3 Pump Stations and Standby Power Buildings................cccccccuunnneee.... ..5-9
584 Tri-WTreatment Plant Site ......oooeeeeeiiiiiee e, 5-9
5.8.5 Effluent Disposal Systems................oooieiiii e, 5-10
5.8.5.1 BrOGEISON SHE ...o.veeeeeeeeeeeeee e ee et eeeeereee e eeeeeeeeraens 5-10

5.8.5.2 Pismo and Santa Maria Sit€S..........cccceeevviviiciiiiiicee i, 5-11
CONCLUSIONS AND RECOMMENDATIONS ...t 6-1
6.1 SUMMARY OF FINDINGS ...ttt ee e cee s 6-1
6.2 GRADING — GENERAL .............eeeeeeeeeeeeteee e e 6-2
LI B € - e 1. To [ RRTURUR 6-2
6.2.2 Suggested Material Specifications..............c.cocceeeeiiiieeccciiieeeccceee e, 6-3

iii

o



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

e

6.3

6.4

6.5

6.6

6.2.3 Clearing and Grubbing.............couiiiiiiiiiiieeiiiiiie et vee e 6-6
6.2.4 Fill Placement ...t 6-6
SEISMIC CONSIDERATIONS. ... e e e 6-7
6.3.1 Seismic Data...........c..uemiiiriiii e 6-7
6.3.2 Liquefaction and Seismic Settlement...............oooveemmiiiiinvveiiiiiiiiiiiennen. 6-7
6.3.3 Fault Rupture Hazards...............ccoeeeiiiiiiiii e 6-8
PIPELINE NETWORK ...t e 6-9
6.4.1 Backfill Considerations ...........ccccocoveieiieiiieee e 6-9
6.4.2 Useof On-site Materials .............ccc.oomiiiiiiiiiii e 6-9
6.4.3 Foundation Support and Trench Bottom Stabilization ....................... 6-10
6.4.4 Pipe Zone Bedding Material ...................cooiiiiii 6-11
6.45 PipeZone Material...........ccc.ooovvvviiiiieiiiriiieiei et 6-11
6.4.6 Trench Backfill ...........cccoooiiiiiiie e 6-12
6.4.7 Backfill and Compaction .............ccceeiimiiiieciie e 6-12
6.4.7.1 Mechanical Compaction...........cccccceireeiiiiiiie e 6-12
6.4.7.2 Jetting and Ponding ................eemiiiiiiiiiciiiiiieeee e 6-13
6.4.8 Pavement Structural Section Design.............ccccceeiirieieniecn e 6-14
6.4.9 Trenchless Installations ..............ccceueeierii e 6-15
6.4.9.1 Soil and Groundwater Conditions..............ccccccoeeiiiiiiiieeernennns 6-15
6.4.9.2 Boring TOIEranCeS..........cocvvvuieiieee e e 6-15
6.4.9.3 Jacking Resistance..........cc.ccovmmmiiiiiiiie e, 6-16
6.4.9.4 Monitoring and Instrumentation ...................oo e 6-16
6.4.9.5 Post-Installation Grouting...............cccevuereiiimiriiee e 6-17
6.4.9.6 Environmental Considerations.................cccoieereeiiiieercccieeeenne 6-17
6.4.10 Thrust Resistance.........ccocociiieeiiiiiicce e 6-18
6.4.11 Backfill Loading 0N Pipe..........oovviiiiiiiiieiiiee et vvar e 6-18
6.4.12 Modulus of Soil Reaction (E’).......c.cccccveiiiiiiiieen e 6-19
6.4.13 Construction Considerations............ccc...cooiiiiiiiiiii e 6-20
6.4.13.1 EXCAVALION .......cooeieieiiiiieeeeeeee ettt e 6-20
6.4.13.2 DEWALErING.......ceviiiiiiieeee ettt e e e e e et e e e e eeeeanes 6-20
6.4.13.3 Temporary SIOPES.........cccc i ccrvrrer e e e eeeceee e e e s e 6-21
6.4.13.4 ShOFNG ..coeeiieeeee et e e e ae e e e e 6-22
6.4.13.5 SOil Properties .....cccceoieeiiiee ettt 6-23
6.4.13.6 EXisting Structures................cccoeeiieiiiiiiiireee e 6-23
PUMP STATION DESIGN .......oooiii et e e 6-24
6.5.1 WetWellsand Vaults..................cccceiiriiiiiiiiieee e 6-24
6.5.1.1 Lateral Earth Pressures ...........ccccccoovmivieeiiiiiccccccciieee e 6-24
B.5.1.2 UPIift FOICES.....co ittt 6-24
6.5.1.3 Construction Considerations............cc.cccoeeieeiieeeiiiiiiieeee e 6-24
6.5.2 Standby Power Buildings..............cccooeniiiicnenic e 6-25
6.5.2.1 Site Preparation and Grading ..........ccccccoevveicieiiicieieccieenne 6-25
6.5.2.2 Foundation and Slab Design............cccceeeeeiiieiiiiciieen e 6-27
TRI WWASTEWATER TREATMENT PLANT .......ccooiiiirer e, 6-28
6.6.1 Site Preparation and Grading ...........c.cccccvvevvveeiiieeriiie e 6-28
iv

T



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

I

6.6.2 Foundation Design..........c.cococceiiii i 6-29
6.6.3 Resistance to Uplift Loads..........cccceeeviiiiiiiiciiii e 6-29
6.6.4 Resistance to Lateral Loads ................. PP 6-29
6.6.5 Slab-on-grade ... e e 6-30
6.6.6 Earth Retaining Structures..........c..cccooiiiiiiiiii e 6-30
6.6.7 Dynamic Earth Pressures ...........cccccoeeeiiiiiiciiiiee e ceecieveeeee e e 6-32
6.6.8 ~ Segmental Masonry Unit (SMU) Retaining Walls ............ccccccceennen. 6-34
6.6.8.1 Geosynthetic Reinforcement and Facing...........c..ccccecccieeae 6-34
6.6.8.2 Placement of Reinforcement...............cccccooiiiieiiiciee. 6-35
6.6.8.3 Wall Drainage and BackKfill...............coooconiiiiiie e 6-35
6.6.9 Sedimentation Basin Geosynthetic Reinforced Slope ....................... 6-36
6.6.9.1 Geosynthetic Reinforcement and Spacing..........cccccccecvriennne 6-36
6.6.9.2 Slope Drainage and Backfill............c..ccccoeeiiiciies 6-36
6.6.9.3 Boulder Facing.........cccccoeriiiiiiiiiiie e 6-37
6.6.10 Basin Design.................. e rrrete et it e et b e e e e n e e e nr e reeteseseese et 6-38
6.6.10.1 Slope DEeSION .....cuueiiiiiieiiie e e 6-38
6.6.10.2 Percolation...........ccccevviiiiiii i 6-38
6.6.11 Pavement DeSigN...........ccooeiiiiiriieeen e 6-40
6.6.11.1 Subgrade Preparation.............ccccceiiiviiiiiniiniicn e 6-40
6.6.11.2 Asphalt Pavements..........ccccoiiiiiiiiiir s 6-40
6.6.11.3 Portland Cement Concrete Pavements ..............ccccccievvcenen. 6-40
6.6.12 Utility TrenChes ........oooeiiiii e 6-40
6.6.13 Drainage Considerations ...............cccovreeiriieennieente e 6-41
B.6.14  ErOSION......oiiiiiiiiiie e 6-41
6.6.15 Groundwater Considerations .............ccccoveeriiiiiiincie e, 6-41
6.7 EFFLUENT DISPOSAL SYSTEM DESIGN........ccccooiiiiiiiinnien e 6-42
6.7.1 Percolation LINES ............civiaiiiiitiiniiiiiic e e s s ee e 6-42
6.7.1.1  Percolation Trench Design..........ccccooimiirciieeririeeeen e, 6-42
6.7.1.2 Construction Considerations...........ccccccovmrurrrirrerrereemeeeeeriennnnnn. 6-43
B.7.2 DIYWEIIS .....oveeeeeeeeeeeeee ettt en ettt st 6-43
6.7.2.1  Drywell DESION.....c.cccciireeiieireiiie et s 6-43
6.7.2.2 Construction Considerations.............cccccoeiiiieeieennnnecirerenneenn 6-44
6.7.3 EXPanSION Ar€aS...........ceeeeeeiieiiiiiiiiireriere e erereeersese st e e caenaeas 6-44
6.7.4 Hydrogeologic Considerations............cccoccvreeinnncee e e 6-44
6.7.5 Operation and Post-Construction Monitoring............ccccccveviieeeniennnen. 6-45
7. CONTINUATION OF SERVICES ........ooi e e 7-1
8. REFERENCES ...ttt e s e e e rmanene e 8-1




ﬁ

Geotechnical Report for Los Osos Wastewater Project

March 9, 2004 (Montgomery Watson Harza) . —N—
PLATES
v No
RV o7 114V =T o PRI 1
Cumulative Field Exploration Plan ..............ooooiiriin e 2a
Field Exploration Plan for Tri W Treatment Plant..............cc.cccccoreveiiiiiieecce e, 2b
Field Exploration Plan — Percolation Tests ..........cccovvveeirieriiiiicce e 2c
Field Exploration Plan — Prototype Test Site at Broderson...............ccccceveivicciivinnnnnn. 2d
Prototype Percolation Line Detalil ... 3a
Prototype Drywell Detall ....... ... e e e s 3b
Summary of Prototype Test Results — Percolation Line...............cccoeeeeeiiiiiinienennee. 43
Summary of Prototype Test Results — Drywell............cc.oooooiiiiiiceer e 4b
Summary of Prototype Test Results — Drywell Percolation...............cccocvvvevinienecenee. 4c
Summary of Prototype Drywell Testing— HP-1..........coo e 4d.
Regional Geologic Map.............c.....ie.... e nereeeeeeeaerereneeee et ee e reanarernrrareesreennannnrrereen 5a
Regional Fault Map ... e e e e 5b
Results of Probabilistic Seismic Hazard Analysis ..........ccooccveeiiiccceeeeeeieee, 6a to 6b
Design Response Spectra for 10% Chance of Exceedance in 50 Years.................... 6¢c
Design Response Spectra for 10% Chance of Exceedance in 100 Years.................. 6d
Subsurface Profile A-A’ for Tri W Wastewater Treatment Plant Site........................... 7a
Subsurface Profile B-B’ for Tri W Wastewater Treatment Plant Site.......................... 7b
Subsurface Profile C-C’ for Broderson Disposal Site............cccccccveeeiieecneen. rrereraee 7c
Subsurface Profile D-D’ for Prototype Drywell Site ... 7d
Groundwater Contour Map — 1990 Groundwater Elevations ..................cccccccceee. 8a .
Groundwater Contour Map —1997-2003 Groundwater Elevations ............................. 8b
Groundwater Contour Map — Depth to 1997-2003 Groundwater ..................ccvveeuenn.e. 8c
Schematic Trench SECON ........c.ooociiiiir e 9
Selected Photographs from Trenching..........ccooeciiiieiiiniicieeeeecee e 10a to 10g
Lateral Earth Pressures on Cylindrical Buried Structures................cccoovvviveeiieeecinnns 11
Typical Percolation Line Detall...........cccccovvemeiiiiiecerr e 13a
Typical Drywell DEtail.............ccouieviiiceieeeeee ettt et eeas 13b
APPENDIX A - FIELD EXPLORATION LOGS

Key To Terms & Symbols Used On Boring Logs.......... ettt e e oo e e e s st e e e narene e s A-1

Log of Drill Hole Nos. DH-401 through DH-412 A-2 through A-13
Log of Hand Auger Borings HA-401 through HA-403 A-14 through A-16
Log of Drywell No. DW-1 A-17
Log of Hydroprobe Well Nos. HP-1 and HP-2 A-18 and A-19
Log of MW-3 and M\W-4 A-20 through A-21
Soil Classification Chart A-22
Log of CPT Soundings CPT-4-1 through CPT-413 A-23 through A-35

vi




Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

|

—\e
APPENDIX B - LABORATORY TEST RESULTS
Summary of Laboratory Test ResuUlts.................ccoooeeeier e B-1
Grain SiZ€ CUIVES ... ettt ettt et e et e e e st taa e et rea e e e ssteeeaeeensbeaearees B-2
PlastiCity Chart .............ooiiiiiir et a e e rra e e e e ara e e e s B-3
Direct Shear Test RESUILS ..........ccccoeeieiiiiiiiii e B-4a through B-4d
Compaction Test RESUIS ............occoeuiiiiiiiiiicccee e B-5a through B-5f
Consolidation Test ReSults ..., B-6a through B-6d
APPENDIX C - SLOPE STABILITY RESULTS
Slope Stability RESURS .......coeeiriiiiii e, C-1 through C4
APPENDIX D - LIQUEFACTION RESULTS
Log CPT Sounding CPT-4011t0 CPT-413 ........cc.ooooiiiiiieeeeeee e D-1 through D-13
Log of CPT-0110 CPT-16 ......coiiieeeeeeee e D-14 through D-29
Log of Gregg CPT-0210 CPT-04 ...........ooooiiiiiieeeeeee e D-30 through D-32
KEY 10 CPT LOGS ..o ciieiiiiieie ettt ee e et eer e e e e s s eeebne e e e e e e e eeee e nnnnnnes D-33
VOLUME 2- PREVIOUS FIELD AND LABORATORY DATA
(SUBMITTED UNDER SEPARATE COVER)
No

CFS (2000a) BOMNGS LOGS....ciii ittt e e e e eatree e e ee e e e e e naneaeneeeaaanean A1
CFS (2000a) Laboratory Data..............cuumiiiiiiiiiiiicceiee et A2
CFS (2000b) BOINGS LOGS.....cciiiiiiiiiiieeicieieeecvi e s esseee e e s s setae e s sesaneeeeesessseeeeeeensnneeean B1
CFS (2000D) CPT/CPTU LOGS...ciiiieiiieeeeeititeetie et rme e e e e ss e smee e B2
CFS (2000b) Laboratory Data...........c..cccoiiiiiiiiee et s B3
FUGRO WEST, INC. (1997) BOrings LOGS ........ccccoieciireeciiireeeeeereeene e e esnnae e e C1
FUGRO WEST, INC. (1997) CPT/CPTU LOGS.......ccccoeeeeteeteeeeteeeeeeeeeeteeeeaeeeeeenennes c2
FUGRO WEST, INC. (1997) TeSt Pit LOGS .......c.cocviiieeeeeeeeceeee e C3
FUGRO WEST, INC. (1997) Laboratory Data ..........ccccoeeiiiiceeee e C4
FUGRO WEST, INC./M&E (1996) Boring LOgS .......ccccevieriiiriecriee e cecrir e D1
FUGRO WEST, INC. (1996) CPT/CPTU LOgS.......cccoccsiiiiiaeeeriire e cecrireeenreee e D2
FUGRO WEST, INC. (1996) Laboratory Data ...............ccccoeiiciirie e D3

vii

:



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

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, California as described by MWH (2001,
2002, 2003a). Currently individual septic systems are being used in these communities. The
project will consist of constructing a new pipeline network with associated pump stations, a
wastewater treatment plant, and an effluent disposal system. The location of the project relative
to various streets and landmarks is shown on Plate 1 — Vicinity Map. The layout of the new
treatment plant, effluent disposal systems, and pipeline network for the project is shown on
Plate 2a.

1.1 PIPELINE NETWORK

We understand that the pipeline network will consist of approximately 40 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 Exploration
Plan.

We understand that it is expected that the pipeline will generally be constructed using
conventional cut and cover technigues for pipeline construction. We expect that jack and bore
techniques could be used to assist in the installation of the pipeline across the busier streets
within the project limits, such as Los Osos Valley Road and South Bay Boulevard. However, we
understand that no constraints that could preclude the use of cut and cover techniques in all
areas of the project have been identified at this time.

The pipeline is designed to provide a minimum of 3 feet of soil cover over the top of the
pipe on secondary roads, and 4 feet of soil cover over the pipe 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 to 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 anticipated within
the collection system to “lift” collected wastewater into the gravity collection system. In addition,
approximately 18 pocket type pump stations will be provided at various locations to help limit
trench depths where the existing terrain is relatively low compared with adjacent areas. These
pump stations will generally consist of a wet well, vault, soil filter, electrical supply, and standby
power building. MWH (2003a) plans show a typical wet well 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 to 20 feet below the existing ground surface
could be needed in some areas. The anticipated pump station locations are shown on Plate 2a
— Cumulative Field Exploration Plan.

11
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Additionally, there will be approximately 20 smaller pocket pump stations 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 will be approximately 10 feet in diameter and extend 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 treatment plant designed
to 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 include an operations building, offices, a septage
receiving station, headworks, solids processing, tertiary treatment and filter systems, aeration
basins, 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
for the surrounding communities. Appurtenant improvements will generally consist of paved
access roads and parking areas, utilities, retaining walls, a dog park, trails, and playfields. The
layout of the treatment facility is shown on Plate 2b - Field Exploration Plan for Proposed Tri W
Treatment Plant. rio lan ben

b

The main part of the treatment facility will be constructed in a cut. Site grading »
include cuts and fills to provide a relatively flat area for the proposed facility. The ground su gﬁ%::lf
at the completed facility will likely be approximately elevation (el.) 73 to 75 feet. Site grading will 1 ¢
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 system wall will be constructed 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 building will be a single-story steel and concrete-
framed building 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 construction 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 site grades along the west side
of the building. ‘

The treatment building will house the aeration basins and clarifiers and be constructed of
reinforced concrete. The clarifiers will be approximately 50 feet in diameter, and will extend to
approximately 6 to 10 feet below finish grades. The aeration basins will be housed in a partially
buried vault type structure, approximately 220 feet long and 110 feet wide. The aeration basins
will be covered with earth to form a dog park, with the southern end of the basins constructed
completely below grade, and north end exposed into the main treatment piant facility.
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On-site drainage will consist of constructing 3.5 acres of ponds to provide for sediment
removal, detention, and percolation of storm water. The finish grading for the ponds is shown
on Plate 2b. The ponds will be excavated to approximately 5 to 15 feet below the existing
ground surface. Retaining walls, turf, 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 lines and drywells 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 potential disposal sites have been identified in MWH (2003a,
2003c) to dispose of an average of 1.2 MGD of treated effluent. The primary effluent disposal
sites are Broderson, Santa Maria, Pismo, and Sea Pines. The remaining sites 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 trench,
gravel backfill, a perforated pipe laid level on top of the gravel to allow for effluent to be
distributed to the trench, and a soil cover. A drywell generally consists of a vertically drilled
shaft, gravel backfill, a vertical perforated pipe to allow distribution of effluent into the well, a
concrete surface seal, and a soil cover. The effluent sites are listed in the table below, along
with type, estimated size, and capacity. The locations of the potential effluent disposal sites are
shown on Plate 2a.

i
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site Type Py =
Broderson ' Percolation Lines 440,000 810,000
Santa Maria Avenue Drywells 68,000 160,000
Pismo Street Drywells 92,000 160,000
Sea Pines Irrigation NA 30,000 A
Vista de Oro Percolation Lines 7,300 Deferred
Monarch Grove School Existing Lines 52,8000 Deferred
Pine Avenue Percolation Lines 30,000 Deferred
Broderson Avenue Percolation Lines 30,000 " Deferred
Los Osos Middle School Existing Lines 20,000 Deferred
East El Morro Avenue Percolation Lines 20,000 Deferred
East Ysabel Percolation Lines 20,000 Deferred
South Bay Boulevard Percolation Lines 40,000 Deferred
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2. SITE DESCRIPTION

The Los Osos Wastewater project 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 Morro Bay to the west and north, the Los Osos Valley to the east, and the
irish Hills to the south. The location of the site and the limits of the proposed improvements are
shown on Plate 1 - Vicinity Map.

2.1 PIPELINE NETWORK

The Los 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 to the south. The general layout of the pipeline network is shown on Plate 2a —
Cumulative Field Exploration Plan.

The site has been developed predominantly as residential neighborhoods. Associated
with these developments are the downtown areas of Baywood, near the intersection of Santa
Maria Avenue and 2™ Street, and Los Osos, along Los Osos Valley Road between
approximately South Bay Boulevard and Doris Avenue. The downtown areas support
commercial and light industrial development that serves the surrounding communities.

Elevations within the proposed pipeline network range from approximately sea level
along the shoreline of Morro Bay, to approximately el. 200 feet at the southern end of the site
near Highland Avenue, which bounds the Broderson infiltration basin site. 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 generally slopes to the northwest
towards Morro Bay. The inclination of the existing topography between Highland Avenue and
Morro Bay averages about 3 to 4 percent in this area. At the time of the Fugro (1997) field
exploration program, springs along some of the streets that front Morro Bay were observed. An
open inlet to Morro Bay crosses the pipeline alighment on Doris Avenue between the
intersections of Lupine Street and Binscarth Road.

East of Ferrell Avenue the existing topography generally consists of rolling sand hills,
which are bound by Morro Bay to the north, the Irish Hills to the South, and Los Osos Creek to
the east. The tops of the hills are generally less than about el. 100 to 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.
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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 located along the west side of the project area, near Morro Bay,
with the five pump stations within the east side of the project area. The areas for each pump
station are relatively small (about 6000 square feet). The areas for each pump station are
located in relatively clear lots covered with grass, low shrubs, and occasional trees. The pump
station sites are shown on Plate 2a.

2.3 TRIWWASTEWATER TREATMENT PLANT

The Tri W wastewater treatment plant site is located northwest of the intersection of Los
Osos Valley Road and Palisades Avenue, between Palisades Avenue and the planned
extension of Ravenna Avenue. The site is bordered by open fields to the north and west, Los
Osos Valley Road to the South, and Palisades Avenue and the San Luis Obispo County Public
Library to the east. The location of the Tri W site is shown on Plate 2b —Field Exploration Plan
for Proposed Tri W Treatment Plant.

The site encompasses a roughly trapezoidal-shaped parcel of approximately 11-acres.
The site is presently undeveloped. Vegetation at the site generally consists of grass, low shrubs
and areas of trees. The terrain in the site vicinity consists 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
northwestern end of the site. The existing ground surface generally slopes downward to the
northwest at approximately 2 to 7 percent towards Morro Bay.

2.4 EFFLUENT DISPOSAL SITES

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

Broderson. The Broderson effluent disposal site is located on an undeveloped site
south of Highland Avenue, near its intersection with Broderson Avenue (see Plate 2d). The site
is within a relatively large undeveloped area with vacant properties to the east, west, and south.
The Broderson site encompasses a rectangular-shaped parcel of approximately 10-acres.
Vegetation at the site generally consists of high shrubs, some grasses and rows of trees. The
existing site topography generally consists of a north-facing hillside with site elevations ranging
from approximately el. 220 feet along the northern boundary of the site, to approximately el. 260
feet along the southern boundary of the site. The existing site grades generally slope downward
to the north at approximately 10 percent. Several eroded drainages, approximately 5 to 6 feet
deep, pass through the site in a generally north-south direction.
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Santa Maria Avenue. This site runs approximately 2,500 feet along Santa Maria
Avenue, between 13th Street and 18th Street. With the exception of west of 12th Street, the
site is predominantly an unpaved roadway. Residential dwellings, trees, and low shrubs are
adjacent to the roadway. The site is generally located near the ridge of a predominant stabilized
dune 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
el. 140 feet at the west end of the site.

Pismo Avenue. This site runs approximately 2,300 feet along Pismo Street, between
7th Street and 15th Street. This area is predominantly an unpaved road section and paper
streets with residential dwellings, trees, and low shrubs adjacent to the street. The existing site
topography consists of undulating hills that range in elevation from approximately el. 75 feet
near the west end of the site to approximately el. 115 feet.

Sea Pines. This site is the Sea Pines Resort and Golf Course. This site will generally
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, Monarch Grove School, Pine-Broderson Avenues, Los Osos Middle School, El 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 currently has community septic and leachline improvements. The
site is relatively level at an elevation of approximately 88 to 90 feet, and drops to an
elevation of approximately 82 feet at the southern corner.

< The Monarch Grove School site consists of existing leach lines that can be converted
for use as effluent disposal. That site is an existing school located north of Los Osos
Valley Road, between the streets of Doris Avenue and Pecho Road.

< The Pine Avenue-Broderson sites are located along approximately 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 site is an existing school located east of
South Bay Boulevard, south of the intersection with El Morro Street.

< The El 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 intersection with Scenic Way.

< The South Bay Boulevard runs approximately 1,000 feet along the east side of South
Bay Boulevard, north of Santa Ysabel Avenue. The existing site topography is
relatively flat at approximately el. 90 feet, with a steep slope that rises to
approximately el. 105 feet at the northern end of the proposed effluent disposal lines.

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
supplementary geotechnical investigations to evaluate the soil conditions at 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 effluent
disposal sites for the project.

3.2 SCOPE

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

@,
EX

Collecting data from previous explorations and laboratory testing programs and
reproducing as Attachments (Vol. 2);

Evaluating field and laboratory tests, assessing and organizing data, and reviewing
the project objectives with MVWH;

Performing a field exploration program consisting of:

vV V V¥V V V V

Drilling 12 hollow stem auger borings (bH-401 through 412);

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

Performing 9 double-ring infiltrometer tests;

Perforrming 31 percolation tests;

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

Constructing, testing, and monitoring a prototype drywell and installing two
monitoring wells

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

>
>

Geologic conditions;

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

Expansive soils;

%
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v

Bedding, pipe zone backfill, trench backfill and seismic considerations for
pipelines

Thrust resistance from passive resistance and soil-pipe friction;
Backfill loading on pipes;
Modulus of soil reaction, E’;

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

Foundation design including allowable bearing pressures for shallow foundations,
minimum foundation widths and depths, and the estimated total and differential
settlements for pumpl/lift stations and treatment plant buildings;

Passive resistance and friction coefficient for resistance to lateral loads;
Lateral earth pressures for retaining wall and pump/lift station design;
Suitability of excavated materials for use as fill or backfill material;
Requirements for imported fill materials;

Application and percolation rates based on results of field percolation and
prototype testing for effluent disposal system;

Geotechnical considerations for trenchless technology methods, such as
directional drilling, microtunneling, and jacking and boring;

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

Site preparation, grading, and drainage;

Earthwork factors 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 to
groundwater, soil permeability, and soil excavation characteristics;

Preparation and geotechnical considerations for slopes to receive liners;

Ground motion parameters for seismic design including causative fault(s),
maximum moment magnitude, ground acceleration, soil profile type, and distance
from site for use with the building code, and including:

3-2
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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 motion parameters for seismic design including causative fault,
maximum moment magnitude, ground acceleration, soil profile type, and
distance from site for use with the building code;

= Considerations for near field (short period) and far field (long period)
earthquakes;

* Plotted response spectra (pseudo acceleration, displacement, and
velocity) for critical damping of 0.5, 2, 5 and 10 percent, and extrapolated
to a period of 15 seconds; and

= Seismic increment of active earth pressure.

Pavement recommendations for parking lots 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 included in the report. We may recommend that additional
exploration or evaluation be performed based on the results of the work performed.

3.3 PREVIOUS STUDIES

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

R/
%

Fugro (1996) provided limited geotechnical engineering services for the Broderson
infiltration site. Those services consisted of performing CPT soundings and
laboratory testing of samples from adjacent borings at the site as input to a
hydrogeologic study and borings performed by M&E (1995, 1997), and preliminarily
evaluating the potential for liquefaction at that site. The evaluation generally
indicated that the potential for liquefaction appears to be relatively low; with the
exception of relatively loose near-surface soils that were encountered and could be
susceptible to liquefaction in the event that the near-surface soils were saturated at
the time of an earthquake.

The former Fugro environmental group assisted the County in evaluating the
environmental constraints for the project. A constraints study performed for the
wastewater treatment plant is summarized in the Fugro (1996b) report.

=
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< Fugro (1997) performed a field exploration and laboratory testing program for the
project, and submitted a draft geotechnical report for the County’s design of the
pipeline network, wastewater treatment plant located at the Pismo site, and the
Broderson infiltration basin. The design for that project was terminated following
submittal of the draft report.

< Another study, performed for the County of San Luis Obispo concurrent with the
previous sewer project was a drainage study performed by Engineering
Development Associates and the Morro Group (1997). Groundwater and geologic
information presented in that report was used to suppiement the information we
obtained for the site.

< CFS (2000a, 2000b) performed a field exploration and laboratory testing program for
the Los Osos CSD for geotechnical characterization related to the Morro Shores site.
The initial study was submitted as a draft Geotechnical Report, and provided
recommendations for the design of a pond system that would have occupied
essentially the entire 100-acre Morro Shores site. Supplemental borings and
laboratory testing were then performed for the CSD to address the revised treatment
plant 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 geotechnical investigation for the project included programs of field exploration,
laboratory testing, and engineering evaluation. Previous field exploration consisted 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, percolation testing,
prototype percolation line testing, and prototype drywell testing. A supplemental field
exploration program consisted of hollow stem auger borings, CPT soundings, field percolation
testing, field double-ring infiltrometer testing, installing and testing a prototype drywell and
prototype percolation line. Laboratory tests were performed on selected samples obtained from
the borings and trenches. Previous field and laboratory data obtained for the project are
presented in Volume 2 of this report. The locations of the previous and supplemental field tests
and explorations are shown on Plates 2a through 2d for the cumulative field exploration
program, percolation testing, Tri-W Treatment Plant Site, and the Broderson Effluent Disposal
Site, respectively.

3.4.1 Dirilling

With the exception of B-1 drilled at the Tri-W site, the drilling subcontractor for the
project was S/G Drilling Company of Lompoc, California. S/G used a CME75, truck-mounted
drill rig equipped with 8 ¥-inch hollow stem augers to advance the borings. Gregg Drilling and
Testing Inc. of Signal Hill, California advanced one hollow stem auger boring (B-1) using a
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track-mounted hollow stem auger rig equipped with 7-inch hollow 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
spoon samplers were driven in to the materials at the bottom of the drill hole using a 140-pound
automatic trip hammer with a 30-inch drop. The blow count (N-value) is the number of blows
from the hammer that were needed to drive the sampler 1 foot, after the sampler had been
seated at least 6 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 intervals, N-values, and a
description of the subsurface conditions encountered are presented on the logs of the borings in
the Volume 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 site by Fugro
Geosciences of Santa Fe Springs, California and Gregg In Situ Inc. of Signal Hill, California.
Fugro Geosciences performed 85 of the 99 CPT soundings performed for the project. Gregg In
Situ performed the remaining 14 CPT soundings. The CPT soundings were performed using
electric 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 piezocone penetrometers have a diameter of approximately 1.7 inches.
Cone tip resistance (q.) and sleeve friction (f;) were recorded on the penetrometer during all
CPT soundings. The porewater pressure during penetration was measured behind the tip (uy) in
piezocone soundings. Data was recorded at approximately 2 cm intervals using an on-board
computer to provide a near-continuous profile of the soil conditions encountered during
penetration. The friction ratio (FR) was computed for each value of q. and f; recorded. The
data was retrieved electronically for use in subsequent geotechnical analyses. CPT data and
soil behavior 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 approximately 15 feet to 69 feet 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 supplemental 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 a 3 to 4
inch, outside diameter, hand auger. The hand auger borings were drilled to depths ranging from
approximately 5 to 32 feet below the existing ground surface. Hand auger borings were
performed to supplement soil data obtained from the drilling and CPT soundings, install
monitoring wells, and locate the groundwater depth at various locations. The sample intervals
and a description of the subsurface ponditions 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 pen‘orrhed
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 6 to 16 feet deep and approximately 12 feet
long. Backhoe trench T-106 was excavated to approximately 25 feet long. The excavations
were performed under the observation of a staff engineer of Fugro, who prepared logs of the
soil conditions encountered and obtained soil samples for laboratory observation and testing.
The backhoe trenches were excavated until excessive caving and sloughing was observed,
then backfilled with native material. The backfill was compacted with the backhoe bucket up to
5 feet below finish grade. A hand compactor was then used to compact the backfill to finish
grade.

Bulk and grab samples were collected during the course of the trench excavations by
taking samples obtained from the excavated cuttings and trench side walls. The bulk 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 weight, moisture content, grain size distribution, Atterberg
(plasticity) limits, compaction characteristics, consolidation properties, sand equivalent (SE),
hydraulic conductivity, direct shear strength, R-value, and corrosion potential were performed as
part of this program. Health Sciences Associates of Las Alamitas, California performed the
corrosion tests. The tests were performed in general accordance with the applicable standards
of ASTM. Laboratory test results from previous studies are presented in the Volume 2
attachments to this report. Supplemental laboratory data that was obtained 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 testing was performed by Fugro at proposed effluent disposal sites during
the period of January 1 through March 25, 2003. The approximate locations of percolation tests
and effluent disposal sites are shown on Plate 2¢c. The results of the laboratory tests performed
on soil samples obtained from percolation test locations are presented in Appendix B. The
results are generally typical of well-drained, sandy soil with percolation rates predominantly
faster than 1 minute per inch. A summary of the field percolation test data is also presented
below.

Summary of Percolation Testing for Effluent Disposal Sites

Permeability Percolation Rate
No. : Location Soil Type % Fines x 0.001 cm/sec for 12” squ. Hole
H= horizontal (min.fin)

Santa Maria Avenue, 72

P-1 1 feet east of 17" Street Sand (SP) - 84 075
Santa Maria Avenue, 140

P2 | feet west of 16" Street Sand (SP) 1 - 0.44
Santa Maria Avenue, 172

P3| feet west of 15" Street | 52 (SP) : - - 043
Santa Maria Avenue, 75

P4 | feet east of 13" Street Sand (SP) - - 0.55
18™ Street, 85 feet north

P-5 | of EI Morro Avenue Sand (SP) - - 0.29
18" Street, 265 feet north

P-6 of El Morro Avenue Sand (SP) 0.5 - 0.26
18™ Street, 455’ north of

P-7 El Morro Avenue Sand (SP) - 10 0..55
Intersection of 18" Street

P8 | and Santa Maria Avenue Sand (SP) - - 0.35
South Bay Boulevard,

P-9 | 65 north of San Ysabel Sand (SP) - - 1.1
Avenue
South Bay Boulevard,

P-10 | 350 feet north of San Sand (SP) 0.5 - 0.22
Ysabel Avenue
South Bay Boulevard,

P-11 | 650 feet north of San Sand (SP) - - 0.22
Ysabel Avenue
South Bay Boulevard,

P-12 | 950 feet north of San Sand (SP) : - 54 0.32
Ysabel Avenue
Pismo Avenue, 110 feet

P-13 | east of 14™ Street Sand (SP) - - 0.38
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Permeability Percolation Rate
No. Location Soil Type % Fines x 0.001 cm/sec for 12” squ. Hole
H= horizontal (min./in)

Pismo Avenue, 150 feet

P-14 | ot of 12" Street Sand (SP) 1 - 0.39
Pismo Avenue, 85 feet

P-15 | west of 11" Street Sand (SP) B - 0.37
Pismo Avenue foot path, _

P-18 | 55 feet east of 8" Street Sand (SP) 9.8 0.44
Pine Avenue, 100 feet

P17 | outh of Rosina Drive Sand (SP) 0.8 44 0.82
Pine Avenue, 390 feet

P-18 | north of Los Osos Valley Sand (SP) - - 0.42
Road
Pine Avenue, 250 feet

P-19 | north of Los Osos Valley Sand (SP) - - 0.43
Road
Pine Avenue, 45 feet

P-20 | north of Los Osos Valley Sand (SP) - - 0.59
Road
Santa Ysabel Avenue, 40 _ _

P-21 | feet east of Scenic Way Sand (SP) 0.22
Santa Ysabel Avenue,

P-22 | 170 feet east of Scenic Sand (SP) - -- 0.29
Way
Santa Ysabel Avenue,

P-23 | 300 feet east of Scenic Sand (SP) - 8.4 0.42
Way
Santa Ysabel Avenue,

P-24 | 430 feet east of Scenic Sand (SP) 0.9 — 0.35
Way

p.25 Northwest corner of Sand (SP) _ _ 0.75
Broderson site

P26 Southwest corner of Sand (SP) _ 33 15
Broderson site

po7 | Southeast portion of Sand (SP) _ _ 0.75
Broderson site

pog | Northeast corner of Sand (SP) 2 - 0.76
Broderson site
West end of Prototype

L1 Percolation Line at Sand with silt (SP-SM) - 6.2 0.63
Broderson site :
Middle of Prototype

L-2 | Percolation Line at Sand (SP) - 6.4 0.73
Broderson site
East end of Prototype

L-3 | Percolation Line at Sand with silt (SP-SM) 2 - 0.76
Broderson site
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Permeability Percolation Rate
No. Location Soil Type % Fines - x 0.001 cm/sec for 12” squ. Hole
H= horizontal (min./in)
PPL | Prototype Percolation _ .
#5-1 | Line at Broderson Site Sand (SP) (H)y7.4
PPL | Prototype Percolation _
#5-4 | Line at Broderson Site Sand (SP) (H)=85

As suggested in Resolution No. 83-12 from the California Regional Water Quality
Control Board Central Coast Region (the Basin Plan), percolation tests were conducted in
general accordance with procedures outlined in Guidelines for Evapotranspiration Systems
(State Water Resources Control Board Circular 6-inch diameter test holes were
excavated by hand to depths of approximately 5 feet below the adjacent ground surface. A
hand driven or grab sample was typically obtained over the depth interval from 4-1/2 to 5 feet
and preserved for subsequent laboratory testing. Laboratory testing consisting of sieve
analysis, fines content, and falling head permeability was performed on selected samples
obtained from the perc test holes.

After the final depth was reached, a 6-inch diameter PVC casing was inserted to the
bottom of the perc test hole. The lower 1-foot of the casing was perforated to allow percolation,
and wrapped with filter fabric to prevent soil migration into the casing. Approximately 2 inches
of %-inch gravel was placed at the bottom of the hole 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 to allow for
water measurement readings. Water was added to the hole to a level of 1 foot above the gravel
layer and allowed to percolate into the soil to presoak the test hole. This initial 1-foot of water
then percolated into the soil prior to actual timed testing. Since water drained from the hole in
less than 10 minutes during presoaking, a longer presoak was unnecessary and percolation
testing was initiated.

Water was then added to the hole until a water level of 6 inches above the gravel layer
was observed. The time for the water level 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
level and the test was repeated. The field percolation rate was estimated as the the time it took
for the drop to occur (in minutes) over the drop in the water level over during that period
(inches). The resulting percolation rate is expressed in minutes per inch. Testing was
concluded 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 to convert the measured rate to
an equivalent percolation rate for a 12-inch square test hole. Upon completion of percolation
testing, the casing was removed and the hole was backfilled with the excavated materials.

3.6.2 Double Ring Infiltrometer Testing

Double 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 through
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 comparative
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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 soil conditions.
Percolation tests were performed at each double ring infiltration test location. The approximate
locations of double ring infiltrometer and percolation tests are shown on Plate 2¢c. 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
numbers) and corresponding perc test (“P” test numbers) data is presented below.

Permeability
Depth . Soil Type at % x 0.001 Percolation Rate
No. (feet) Location Depth of Test | Fines cmisec (min.fin)

Proposed Wastewater
Treatment Plant, 270 feet west Sand with silt

DR-3wWi 1 of Palisades Rd., and 150 feet | (SP-SM) - - 6.8
north of LOVR

P-3v\1 5 same as DR-3W1 Sand (SP) 5 - 0.57

Proposed Wastewater
Treatment Plant, 500 feet west .

DR-3W2 08 of Palisades Rd., and 150 feet | Sy SAND (SM) | — - 19
north of LOVR )

DR- 15 same as DR-3W\2 Sand (SP) - - 39
3W2A - )
P-3W2 5 same as DR-3W2 Sand (SP) 5 9.7 0.36

Proposed Wastewater
Treatment Plant, 550 feet west
DR-3W3 12 of Palisades Rd., and 250 feet | S2nd (SP) - - 3.9
north of LOVR
P-3W3 5 same as DR-3W3 Sand (SP) 0.5 11.2 0.44
Sea Pines Golf Resort, 250
DR-SP1 0 feet north of Skyline Dr. and | LATOISISARG | - 12
550 feet west of Solano St. )
same as DR-SP1 with turf Sand with silt
DR-SP1A 0.6 removed A (SP-SM) - - 20
P-SP1 5 same as DR-SP1 Sand (SP) 1 3.5 0.40
Sea Pines Golf Resort, 160
feet west and 200 feet south of Turf over sand
DR-SP2 0 the terminus of Howard Ave into | with silt (SP-SM) - - 6.0
Sea Pines. :
same as DR-SP2 with turf
DR-SP2A 0.6 removed Sand (SP) - - 6.0
P-SP2 5 same as DR-SP2 Sand (SP) 3 5.4 0.22
Sea Pines Golf Resort, 40 feet Turf over sandy
DR-SP3 0 north of the intersection of organic SILT - - 36
Howard Ave and Humbolt St... (OH) :
same as DR-SP3 with turf
DR-SP3A 0.6 removed Sand (SP) - - 35
P-SP3 5 same as DR-SP3 Sand (SP) 0.5 - 0.39

Note 1) Percolation rates for percolation tests (designated by P-XXX) have been calculated for a 12" square hole.
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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 description 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 testing, loose topsoil was removed from
the ground surface to depths ranging from 10 inches to 18 inches below the ground surface.
The bottom of the excavation was cut to 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 steel ring was placed in the center
of the 24-inch ring, and driven 3 inches into the ground with the hammer. Soil disturbed during
ring advancement was carefully tamped to a firm consistency.

A water-filled reservoir and associated tubing was used to convey water into each of the
rings. The rings were filled with water to a depth of 2 inches above the ground surface. Water
levels within the rings were maintained at a height of two inches above the ground surface by
manually controlling the flow into 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 rates provided in the table above were
calculated based on the relatively constant flow 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 5 feet below the location
of the double-ring infiltrometer test. The excavation was backfilled with excavated materials
after completion of the perc test.

Double-ring infiltrometer tests 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 infiltrometer 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 test, 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 undisturbed soil. The bottom of the excavation was cut to a level
grade with a square-tip shovel. A second double-ring infiltrometer test was then performed with
the excavation and below the turf that was removed.

After completion of the second double-ring infiltrometer test, the rings were removed and
a percolation test was conducted. Percolation tests were performed at a depth of 5 feet below
grade at the test location. The excavation was backfiled with excavated materials after
completion of the testing. The turf was replaced over the excavation and the testing location
was restored.

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 test sites performed by Metcalf & Eddy (1996a) are shown on Plate 2d. The
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subcontractor used to install the test line was Ed's Excavating of Los Osos, California. Ed’s
Excavating installed and provided materials for the prototype percolation test line. The Morro
Group observed the work for compliance with environmental permits, cleared areas in advance
of the work, and provided biological monitoring. Fugro observed and documented the
installation, and obtained soil sampies for laboratory testing. Perc testing and soil samples were
obtained from the test line location in advance of the installation as described in the previous
section of this report.

3.6.3.1 Line Installation

Details of the prototype percolation line showing the layout, typical profile, and typical
trench section are presented on Plate 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 equipped 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 from the
street to the test site, and backfill the prototype 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 performed on a sample of the gavel is presented in Appendix B. Based
on those results, the gravel was predominantly 1-1/2 minus by %-inch plus crushed stone with
approximately 1 percent fines (particles smaller than 0.075 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 to 7 feet below the ground surface. The trench excavation and gravel
placement was performed in about 10-foot long segments to avoid caving of the sidewalls.
Essentially no caving or sloughing of the sidewalls was observed during the construction of the
test line.

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

The 4-inch PVC distribution pipe was laid level over the gravel with perforations facing
downward. Three inlet/observation ports were placed within the distribution pipe. An additional
1-foot of gravel was then placed over the gravel and distribution pipe. A geotextile was then
placed over the top of the gravel, and about 2 feet of on-site 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 adjacent to the test trench,
see Plates 2d and 3a. MW-1 and MW-2 were installed in 4-inch diameter hand auger borings
extending to approximately 32 feet below the existing ground surface. MW-1 was installed
immediately adjacent to and near the midpoint of the test line on downhill side. MW-2 was
installed approximately 10 feet downslope of MW-1. A series of 3 piezometers constructed of
Y%-inch PVC pipe were installed in each boring. The piezometers had a 6-inch perforated
section covered with filter fabric. The piezometers were installed to depths of approximately 10
feet, 20 feet and 32 feet below the existing ground surface based on review of the CPT-8 log
(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 borings extending to
approximately 10 feet below the existing ground surface. MW-3 and MW-4 were constructed as
piezometers with the bottom 12 to 18-inch section of the pipe perforated and covered with filter
fabric. The piezometers were installed 16 feet and 250 feet downslope of the east end of the
test line. The piezometers were packed in native dune sand.

- 3.6.3.3 Prototype Percolation Line Testing

The prototype testing was performed during the period of March 19 through April 25,
2003. Water for testing was obtained from Cal Cities Water using a metered hydrant on
Highland Avenue adjacent to the site. Water was conveyed to the test site via plastic pipe,
metered at the point of discharge into the prototype leachline, and maintained at a relatively
constant rate during various testing intervals. Prior to testing, the line was flushed with water to
attempt to wash sand and silt from the gravel, and allow fines to settle to the bottom of the
trench. During testing the flow rate into the test line ranged from 1.1 to 29 gallons per minute.
A total of approximately 1,000,000 gallons of water was discharged into the test trench over a
period of 37 days.

The application rate of the water was evaluated by incrementally increasing the flow rate
into the trench. The flow rate (Q) at each increment was maintained until 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 infiltration capacity of the trench at
approximately 29 gpm. 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 trench was then reduced to prevent the water from overflowing the trench. The net
infiltration rate of the trench was estimated as the discharge into the trench divided by the
estimated wetted surface area of the trench, expressed in gallons per day per square foot of
trench (gpd/ft?). A summary of the test results is presented in the table below:
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Prototype Percolation Line Results

: . High High High
I::::;v vagr Water Water Water Net
Duration Depth Depth Depth Infiltration
Trench, | “iave) | DePth 1 mwr | inmwt | inmvw2 Rate Comment
in OP’s, ) y A
(gpm) (in) at10 at 20 at 20, (gpd/ft)
9 : (in.) (in)) (in.)
_ s Flushed line prior to
% 0 0 0 0 - testing
1.1 Ve 0 0 0 0 53
3.2 1 2 0 0 0 158 Water in OP1 only.
Water in OP1 and OP2
6.0 3 3 0 0 0 128 only
9.1 8 3 2 16 0 .187 Water in OP1 and OP2
- only
Water being distributed
into distribution line at all
81 " 2 0 0 0 87 3 locations. Water in OP1
and OP5 only.
Terminated due rising
water level. Water in all
29 1 hour 1" 63 33 63 180 OP. Water passed
through MW and OP over
24 hours.
16 3 45 25 33 21 175 Water in OP1 through 4
24 9 8 30 43 38 190 Water in OP1 through 4

A plot of the results in terms of the average head of water over the wetted portion 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/ftZ. The
values are plotted to plus or minus 25 gpd/ft>. Above approximately 180 gpd/ft?, the water level
in the test trench is expected to rise and overwhelm the available surface area of the trench.
The tests do not include potential influences associated with biological fowling or clogging of the
gravel 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 observed during testing in MW-1 at 32 feet, or MW-2 at 10 feet and 32 feet below the
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 line (in the middle, and at each end of the
line) instead of the 1 point at the east end of the line. Redirecting the flow to 3 points effectively
reduced the application rate in the trench from approximately 187 to 87 gpd/it>. Mounding was
observed in MW-2 at 20 feet, at the 29 gpm flow rate increment, which appears to have
exceeded the infiltration capacity of the trench. 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™ Street. The location of the prototype drywell is shown on Plate 2a. Previous prototype
drywell test sites performed by Metcalf & Eddy (1996a, 1996b) are shown on Plate 2d. The
subcontractor for the drywell construction was Tri Valley Drilling of Ventura, California. The
Morro Group observed the work for compliance with environmental permits and cleared areas in
advance of the work. Fugro assisted in the installation, observed and documented the drywell
construction, and obtained soil samples for laboratory testing. Mr. Kevin Kai (MWH) also
observed the installation of the prototype drywell. Cone penetration testing was performed at
the site prior to the drywell installation, 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
downslope from the drywell subsequent to the drywell installation. The borings were logged and
sampled prior to installing hydroprobe monitoring casings.

3.6.4.1 Drywell Installation

Tri Valley used a Caldwell 75 drill rig equipped with a 3-foot diameter bucket auger to
drill the hole for the drywell’s construction. The hole was drilled to approximately 26 feet below
the existing ground surface, and then reamed to 4 feet in diameter to approximately 23 feet
below the existing ground surface. A 6-inch diameter pipe with 0.08-inch slots was then
lowered into the center of the drilled hole to serve as a water injection point. Gravel, 3/8-inch
size, was supplied by Hanson’s Aggregate of Morro Bay. The gravel was placed in the hole to
approximately 5 feet below the ground 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 5-foot thick concrete surface
seal was placed over the visqueen to the ground surface.

A detail of the prototype drywell is presented on Plate 3b. A log of the drill hole (DW-1)
is presented in Appendix A. Approximately 1-foot of relatively dense aggregate base with
pieces of asphalt and concrete rubble was encountered in DW-1. The underlying material
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 surface. The observation port was pushed to the edge of the drywell

during the placement of the gravel. The observation port allowed for monitoring of the water
level in the drywell during subsequent testing. A 2-inch tee was connected to the 6-inch
diameter pipe that was connected to the water source. -

Hydroprobe Installation. Two hydroprobe casings were installed (HP-1 and HP2) to
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 installed
in 8-inch diameter hollow stem auger borings drilled to depths of approximately 50 feet below
the existing ground surface.
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The drilling subcontractor for the drilling and casing installation was S/G Drilling
Company of Lompoc, California. The borings were advanced using a CME 75 truck-mounted
drill rig equipped with 8-inch hollow stem augers. The borings were sampled at 5—foot intervals
using standard penetration test (SPT) and modified California split spoon samplers as
previously discussed in Section 3.4.3 of this report. Fugro logged the borings, obtained soil
samples, and documented the hydroprobe casing installation. Logs 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 cold rolled
steel pipe. The 50-foot casing consisted of 3 sections of pipe (two 21-foot sections and one 8-
foot section) joined together with threaded couplings. The casing was capped on the bottom
and lowered into the boring subsequent to the completion of drilling. Native sand from the
boring was backfilled through the hollow stem augers and compacted in approximately 1 to 2
foot lifts using the augers. A 1.5-foot thick concrete surface seal was placed at the top of the
borehole. '

The soil moisture conditions were monitored using a CPN 503 DR Hydroprobe. The
hydroprobe is a portable radioactive source (50mCi Americium-241-beryllium) that is lowered
into the casing and measures hydrogen content (water content) of the surrounding soil 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 drywell testing. Soil moisture conditions
were monitored at 2-foot intervals from 1-foot to 49 feet below the existing ground surface. A
summary of the hydroprobe readings and plots of the soil moisture conditions versus depth are
presented on Plates 4d and 4e.

3.6.4.2 Monitoring Wells

An existing monitoring well (30S/11E-8mb) was previously installed by Cleath &
Associates at the north end of 18" Street, approximately 230 feet down slope of the prototype
drywell. The boring for the monitoring well is reported to have been drilled to a depth of 75 feet
below the existing ground surface. The monitoring well was constructed to 47 feet below the
existing ground surface. The depth to 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 monitoring
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 4c. Water for the

3-16

I

L!



Geotechnical Report for Los Osos Wastewater Project

March 9, 2004 (Montgomery Watson Harza)

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 into the drywell at
approximately 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 conditions in the drywell and
hydroprobe casings stabilized. The water level in the Cleath monitoring well continued to 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 well 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 into 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 to 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 potential for the in-situ dune sand to migrate into the gravel
in the well. The application rate of 110 gpm was again allowed to stabilize. The well was cycled
a total of 10 times using 4 on and off intervals for each cycle. The water level in the drywell
typically increased above the initial water depth in the drywell when the flow rate was restored.

After October 31,2003, the flow rate into the drywell was kept below 55 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 leaking 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 infiltration rate of the well was estimated as the total
volume of water discharged into the well per day divided by the wetted surface area of the well,
expressed in gallons per day per square foot of well (gpdfit®). A summary of the test results
follows:

Summary of Prototype Dryweil Testing

Discharge Water Net
Rateinto Duration Depth in Infiltration
Drywell (days) drywell Rate Comment
(gpm) (ft) (gpdift’)
0 NA 0 Start of test
53 1.9 19.5 970
110 8.1 16.3 1330
112 11 12.2 945 After 1 cycle of drywell
111 1.9 9.8 800 After 2™ cycle of drywell
After 3" cycle of drywell.
46 3.0 15.8 527 After reducing Q to ~50
gpm at request of LOCSD.
Water turned off for 3 days
0 3.0 0 na to repair leak in fire hydrant.
3-17
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Discharge Water Net
Rate into Duration Depth in Infiltration
Drywell (days) drywell Rate Comment
(gpm) (f) (gpdift’)
44 3.0 16.8 565 After 4" cycle of drywell.
47 0.95 15.5 521 After 5" cycle of drywell.
41 5.4 17.0 530 Adter 6" cycle of drywell.
48 3.1 15.8 554 After 7" cycle of drywell.
55 097 14.0 531 After 8" cycle of drywell.
49 1.0 16.0 515 Adter 9" cycle of drywell.
Adfter 10" cycle of drywell.
46 0.98 15.0 520
End of drywell testing.

Plots summarizing the drywell testing, cyclic 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/ft? over the wetted area of the drywell,
with corresponding water depths in the drywell ranging between 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 565 gpd/ft® with water depths of 9 to 12 feet above the bottom
of the drywell.

Mounding of water down slope of the drywell was inferred 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 to 48 feet
below the existing ground surface. The water depth in HP-2 stabilized at approximately 46 feet
below the existing ground surface. The water depth in the Cleath monitoring well located

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

the existing ground surface while pumping water into the drywell at approximately 110 gpm.
After reducing the flow into the well to approximately 45 to 55 gpm, the water depth in the
monitoring well stabilized at 38 feet below the existing ground surface.

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

3.6.5 Previous Prototype Test Results

Prototype drywell and percolation ponds were constructed and tested at the Broderson
site by Metcalf & Eddy (1996a, 1996b, 1997). Fugro (1996a) assisted in the site
characterization and laboratory testing for that study. \We reviewed the results of the previous
prototype testing to compare the infiltration rates reported by M&E to infiltration rates observed
during the current prototype-testing program.
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3.6.5.1 MA&E (1996a) Prototype Percolation Ponds

Percolation ponds were constructed in three areas of the Broderson site by M&E (1996a,
see Plate 2d). The ponds were typically 10-foot square with the sidewalls lined with impervious
plastic sheeting. The infiltration rate through the base of the ponds was reported to be
approximately 240 gallons per day per square foot (gpd/ft®) in Basin 1, 345 gpd/ft’ 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 nhumbers of the adjacent CPT and borings. The
water depth in the ponds during the testing was between 0.85 and 2 feet.

With the exception of Basin 5, these infiltration rates are generally higher than the
estimated 180-gpd/ft® rate recorded during the prototype percolation line testing. We attribute
these differences mainly to the difference in infiltration area at the base of the test trench or
pond with and without aggregate, respectively. Additionally, the testing 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 (1996a) study suggests that the reading had not stabilized at the
time the tests were terminated.

3.6.5.2 MG&E (1997) Prototype Drywell Testing

Drywells were installed in two areas (DW-1 and DW-2) of the Broderson site by M&E
(1997, see Plate 2d). DW1 was approximately 5 feet in diameter and 50 feet deep. DW2 was
approximately 3.5 feet in diameter and 40 feet. The drywells were backfilled with %-inch pea
gravel and a vertical 6-inch diameter distribution pipe extending the full depth of the trench.
Neutron probes were installed to monitor changes in soil moisture conditions downslope of the
wells. Approximately 40 to 50 gpm were pumped into the wells over a period of approximately
14 days.

We estimated application rates from the date reported by M&E (1997) to be
approximately 127 and 273 gpd/ft® 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 infiltration between these depths
results in an infiltration rate of approximately 194 gpd/ft>. CPT soundings indicate that soil
layers that appear to lower permeability aquitards are present between 35 and 45 feet in nearby
CPT1 and CPT8. Additionally, the soils near DW2, the westerly end of the Broderson site,
appear to have less lower permeability layers and resulting 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 generally accepted geotechnical engineering principles and practices at the
time and location this report was prepared. This statement is in lieu of all warranties, expressed
or implied.

This report has been prepared for Montgomery Watson Harza and their authorized
agents only. It may not contain sufficient information for the purposes of other parties or other
uses. If any changes are made in the project as described in this report, the conclusions and
recommendations contained in this report should not be considered valid unless Fugro reviews
the changes and modifies 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 to 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 knowledge of the subsurface conditions underlying the site. The conclusions and
recommendations presented in this report are based upon the findings at the points of
exploration, interpolation and extrapolation of information between and beyond the points of
observation, and are subject to 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 north-northwest-trending
sedimentary, volcanic, and igneous rocks extending from the Transverse ranges to the south
into northern California. Rocks of the Coast Ranges province are predominately of Jurassic and
Cretaceous 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 5a — Regional Geologic Map.

The Los Osos Valley and adjacent Irish Hills are the dominant geomorphic features
within the project vicinity. The Los Osos Valley has formed in response to several tectonic
processes that began prior to the Pliocene time (more than 5 million years ago). Prior to the
Pliocene, the bedrock strata in the Los Osos area was folded into a east-west trending syncline
(U-shaped fold) that has subsequently been filled with up to 1,000 feet of sediment during the
Pliocene and Pleistocene periods. Concurrent with that deposition is uplift along the east-west
striking Los Osos fault that forms the boundary between the Los Osos basin and adjacent Irish
Hills (Plate 5a).

As shown on Plate 53, the predominant geologic units exposed in the study area consist
of surficial sediments comprised of dune sand deposits (Qs) and alluvium (Qal). These surficial
sediments are primarily underlain by weakly consolidated units of the age-equivalent of Paso
Robles Formation (Qpr) and Careaga Sandstone (Tca). The Paso Robles Formation and
Careaga Formation are underlain by relatively impermeable basement rocks composed of
Franciscan Formation (KJf) greywacke and metavolcanics; Pismo Formation shale; and
Cretaceous age dacitic (Td) intrusives (California DWR 1989). Units of the Pismo Formation
(Tp) and Franciscan Formation (KJf, KJg) are exposed on lIrish Hills south of Los Osos as
shown on Plate 5a.

4.2 FAULTING

Regional faulting in the site vicinity, as presented by PG&E (1988) is shown on Plate 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 local faults include the Cambria, Huasna, Wilmar Avenue/Oceano, Nacimiento, and
Santa Lucia Bank (Plate 5b). The Wilmar Avenue, Oceano 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 (PG&E 1988, Lettis & Hall, 1990; Asquith, 1997). A segment of the fault is designated an
Alquist-Priolo earthquake fault zone near the City of San Luis Obispo. Lettis & Hall (1990)
describe the Los Osos fault zone as a series of discontinuous, subparallel and en echelon fault
traces that extend from Hosgri fault offshore to Lopez Reservoir, a distance of about 35 miles.
Lettis and Hall (1990) subdivided the fault zone into four segments: Estero Bay, Irish Hills,
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Lopez Reservoir, and Newsom Ridge. The Irish Hills segment of the Los Osos fault is about 10
to 12 miles long and extends from Morro Bay eastward to San Luis Creek. This segment of the
fault forms the boundary between the Los Osos Valley and the Irish 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. Lettis and Hall (1990) indicate that the Irish Hills segment of the
fault has recurrent movement in the late Pleistocene and Holocene with a long-term slip rate of
0.2 to 0.4 mmlyr.

Several authors, including the California Division of Water Resources (DWR, 1989) and
Asquith (1997), mapped a northwest trending strand (locally referred to as Strand “B”) of the Los
Osos fault east of the project area. The presence of the Strand B fault mapped by DWR was
interpreted by an inferred offset in relatively deep bedrock units and groundwater aquifers in the
Los Osos area. Asquith (1997) presents a refined location for a portion of the Los Osos fault
and the “Strand B’ lineation based on differences in shallow groundwater elevations in the Los
Osos area. As part of their 1999 geotechnical study, CFS Geotechnical Consultants, Inc.
advanced various piezocone penetration tests (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 County of San Luis Obispo well data, suggest that
the shallow groundwater is the result of groundwater that is perched on various shallow clay
layers that pinch out in the vicinity of the mapped fault. 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, 2003c personnel communication with Spencer
Harris (2003)) recently performed additional 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 Osos Valley geology or groundwater basin. Further, pump testing of a well
on 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
model 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 active region of central California. Historical
records indicate that the area has been subject to a number of seismic events over the course
of the last 183 years (PG&E, 1988). From these references, examples of strong ground motion
that have reportedly been experienced near the project area are the seismic events of 1830,
1857, 1913, 1916, 1917, 1966, and 1980. '

The 1830 event is estimated to be an approximately M5 earthquake that occurred from a
poorly located source near San Luis Obispo. The effects of the 1830 event were generally
observed between the Los Osos and Rinconada faults. The 1857 event (the Fort Tejon
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earthquake) occurred on the Mojave segment of the San Andreas fault, and reportedly resulted
in damage in Central and Southern California. The 1913 event is estimated to be an
approximately M5 earthquake that occurred along the southwestern margin of the San
Luis/Pismo block near Arroyo Grande. The 1916 event is estimated to be an approximately M5
earthquake that occurred near Avila, possibly along the Los Osos fault or faults along the
southwestern margin of the San Luis/Pismo block. The 1917 event is estimated to be an
approximately M5 earthquake that occurred near Lopez Canyon between the Rinconada and
West Huasna faults. The 1966 event (the Parkfield earthquake) is estimated to be an
approximately M6 earthquake that occurred on the San Andreas fault. The 1980 event is
estimated to be an approximately M5 earthquake that occurred offshore near Point Sal anng

the Casmalia fault zone, and near its intersection with the Hosgri fault. - 032 RAAEE
[~
S
4.3.2 Probabilistic Seismic Hazards Analysis 6=

4.3.2.1 Background

The site coordinates (Ia'titude and longitude) for the Los Osos Wastewater Treatment
Plant site were estimated to be 35.3128° North and 120.8375° West, as measured from the
current USGS Morro Bay (South) Quadrangle Map. These coordinates were used as input for
probabilistic seismic hazard analyses that were performed to estimate peak horizontal ground
acceleration and seismic response spectra (acceleration, velocity, and displacement) for the
project site. The results of our seismic hazard analyses are described in the sections that
follow.

4.3.2.2 Methodology

The probabilistic seismic hazard evaluation for the site was performed using the
computer program FRISKSP (Blake 2000) and the CDMG (1996) 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 strong ground motion that could result
from earthquakes 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 ten (10) faults and fault segments that were considered to be the most capable of
producing high ground motion at the site. Additional information is presented in the CDMG
(1996) fault database.
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Summary of Fault Characteristics
Approximate Maximum Fault or Fault
Distance Moment Segment Slip Rate
Fault From Site Magnitude Length (mmiyr)
(mile) (M) {mile)
Los Osos 0.6 6.8 27 05+04
Hosgri 7 7.3 107 25+1.0
San Luis Range (S. Margin) 9 7.0 40 02+0.1
Rinconada 16 7.3 117 1.0£1.0
Casmalia (Orcutt Frontal Fault) 28 6.5 18 0.25+0.2
Lions Head 33 6.6 26 0.02 + 0.02
San Juan 37 7.0 42 1.0+1.0
San Andreas (Cholame) ' 43 6.9 38 34:5
San Andreas (1857 Rupture) 43 7.8 214 34+5
Los Alamos ~ Baseline 48 6.8 17 0.7+07

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

L Design-Basis Earthquake Ground Motion: An earthquake having a 10 percent
chance of being exceeded in 50 years (Statistical Return Period ~ 475 Years)

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 “Sp” was assigned
to the treatment plant site. This soil profile type corresponds to stiff soil according the California
Building Code (2001). For our probabilistic seismic hazard evaluation we used the attenuation
relationship proposed by Boore et al. (1997) assuming a NEHRP site class “D” designation. A
site class “D” designation corresponds with Soil Profile Type “Sp” and assumes that the material
in the upper 100 feet of the site has an average shear wave velocity ranging between 600 and
1,200 feet per second (180 and 360 meters per second).

4.3.2.3 Peak Horizontal Ground Accelerations

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

Design-Basis Upper-Bound
Ground Motion Parameter
Earthquake Earthquake
Peak Horizontal Ground
Acceleration (PHGA) 0.37 050

Note: All acceleration values in units of g (32 ft/sec® or 9.81 m/s?)

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

4.3.2.4 Site Response Spectra

Probabilistic evaluation procedures were also used to estimate seismic response spectra
for the Los Osos Wastewater Treatment Plant site assuming the site conditions and FRISKSP
input parameters previously 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 (S,) 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
spectral values for specific design periods.

The Boore et al. (1997) attenuation relationship used as part of the probabilistic
evaluation was developed assuming a spectral damping ratio of 5 percent. Attenuation
relationships at other damping ratios have not usually been derived. Instead, a factor to adjust
from 5 percent damping ratio to other damping ratios 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.

4.3.2.5 Spectral Values for Long Periods

Empirical attenuation relationships such as the one developed by Boore et al. (1997)
typically allow for the estimation of response spectral ordinates for periods up to 2 seconds. We
understand that for this study spectral ordinates are required for design periods up to 15
seconds. Spectral values beyond a 2 second period were extrapolated using a straight line to
an acceleration value of 1/T for where T is the spectral period in seconds. The extrapolated
data is shown with the response spectra information on Plates 6¢ and 6d.
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4.4 SUBSURFACE CONDITIONS

The description of the soil conditions is based on the results of the field exploration and
laboratory testing programs reviewed for this report, and contained in the attachments (Volume
2). The soil conditions encountered generally consist of artificial fill materials, sand dune
deposits, alluvium, estuarine deposits and Paso Robles Formation. The Paso Robles
Formation is referred to as a formational material; however, this sedimentary rockalthough—-..
consolidated is 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
stations, treatment plant, and effluent disposal sites follows.

4.4.1 Pipeline Areas

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

4.41.1 Pavement Conditions

The existing streets within the proposed pipeline network have a combination of the dirt
and asphalt concrete surfacing. The following table summarizes the existing pavement
thicknesses encountered in our borings and in potholes performed by Miller Pipeline
Corporation (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 Encountered

Other Tests
SE =Sand Equivalent
R'= R-value
#200 = fine content

Date AC AB

(mo.dayr) | (inches) | (inches) Subgrade

No. Location

Pasadena Drive, south #200=2
DH-101 of Santa Lucia and 1 1.17.97 2 8 Sand (SP)
Street

Southwest corner of
DH-103 | Santa Maria and 4" 1.17.97 1.75 1 Sand (SP)
Street

East shoulder of 10" #200=1

Street (top of hill)
between Santa Ynez 1.17.97 2 4 Sand (SP)

Ysabel and Santa Maria

DH-104

West shoulder of South Clavev Sand with #200=24
DH-106 | Boulevard, 140 ft south 1.23.97 4 6 yra’:,e, 5C)
of Santa Ysabel 9

East shoulder of 18"
DH-107 Street, 50 ft north of 1.20.97 3.5 5 Sand (SP)
Paso Robles Street )

West shoulder of 9™
DH-109 Street between El Morro 1.17.97 1.5 NR Silty Sand (SM)
and Paso Robles
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. Other Tests
. Date AC AB SE = Sand Equivalent
No. Location (mo.da.yr) (inches) (inches) Subgrade R = R-value
#200 = fine content
8" Street, south of #200=1
DH-111 Ramona 1.20.97 2 6 Sand (SP)
North shoulder of Los s
DH-112 | Olivos, 50 ft eastof 108 | 1.20.97 25 2 Sand ""'Stlr\',l;"'" (SP-
Street
West lane of Mountain
DH-113 View, 150 ft north of Los 1.20.97 2.5 4 Silty Sand (SM)
QOlivos
South shoulder of Los
Osos Valley Road, 80 ft
DH-114 | s Sunny Oaks 1.23.97 55 NR Sand (SP)
mobile home park
East lane of Pecho #200=13
DH-115 Road, 200 ft north of Los 1.24.97 2.5 6 Silty Sand (SM)
Osos Valley Road
East lane of Solano #200=4
DH-116 | Street at south Buttte 1.24.97 2.5 6 Sand (SP)
Drive intersection
13" Street, 200 ft north Sand with silt (SP-
DH-403 of Santa Ysabel Avenue 8.11.03 3.25 8 SM)
Intersection of Santa
DH-406 Ynez Avenue and 8.12.03 3 6 Silty Sand (SM)
Mountain View Avenue
South end of Green
DH-407 Oaks Drive; south of 8.13.03 3 45 Silty Sand (SM)
Crest Avenue
Intersection of Bay Oaks
DH-408 Drive and Crest Avenue 8.13.03 4 8 Sand (SP)
Bay View Heights Drive, #200=2
DH-409 | 75 ft north of Bay Oaks 8.13.03 4 20 Sand (SP)
Drive
Intersection of Lilac
DH-410 Drive and Palisades 8.13.03 4 16 Silty Sand (SM)
Avenue
Lilac Drive, 50ft east of
DH-411 Broderson Avenue 8.13.03 4.5 10.5 Sand (SP)
Lilac Drive, 300 ft west .
DH-412 of Doris Avenue 8.13.03 4 5 Silty Sand (SM)
PH-1 16" Street 8.25.03 4 NR Sand (SP)
PH-2 12" Street 8.25.03 3 NR Sand (SP)
PH-3 Pasadena Drive 8.25.03 8 NR Sand (SP) Concrete pavement
Ravenna Avenue and
PH-4 Woodland Drive _ 8.26.03 7 NR Sand (SP)
Ravenna Avenue and
PH-5 Highland Drive 8.26.03 6 NR Sand (SP)
Bayview Heights Drive
PH-6 and Highland Drive 8.26.03 5 NR Sand (SP)
4-7
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) Other Tests
. Date AC AB SE = Sand Equivalent
‘No. Location (mo.da.yr) (inches) (inches) Subgrade R = R-value
‘ #200 = fine content
PH7 | pechoRoadand Skyline | g 26,03 4 NR Sand (SP)
rive
PHg | pechoRoadand Skyline | 5 26,03 7 NR Sand (SP)
Don Avenue and
PH-9 Mitchell Drive 8.26.03 4 NR Sand (SP)
10™ Street and Los Sand with grével Unpaved Road
PH-10 Olivos Avenue 8.27.03 0 0 (SP)
Los Olivos Avenue and
PH-11 Fairchild Way 8.27.03 4 NR Sand (SP)
Los Olivos Avenue and )
PH-12 Mountain View Drive 8.27.03 5 NR Sand (SP)
PH-13 | 1620 11" Street 8.27.03 0 0 Sand (SP) Unpaved Road
PH-14 NR 8.27.03 4 NR Sand (SP)
PH-15 Lilac Drive 8.28.03 6 NR Sand (SP)
El Moro Avenue and 11"
PH-16 Street 8.28.03 7 NR Sand (SP)
13™ Street and Santa
PH-17 Ysabel Avenue 8.28.03 6 NR Sand (SP)
17™ Street and Santa '
PH-18 Ysabel Avenue 8.28.03 6 NR Sand (SP)
17" Street and Santa
PH-19 Ysabel Avenue 8.28.03 7 NR Sand (SP)
10" Street and Santa
PH-20 Ynez Avenue 8.29.03 8 NR Sand (SP)
10" Street and Santa
PH-20A Ynez Avenue 8.29.03 10 NR Sand (SP)
PH-2A 12" Street 8.29.03 4 NR Sand (SP)
PH-21 Pecho Way 9.2.03 9 NR Sand (SP)
PH-22 Indio Drive 9.2.03 7 NR Sand (SP)
Los Osos Valley Road )
PH-23 and Pine Ave 9.2.03 8 NR Sand (SP)
PH-24 Solano Street 9.2.03 7 NR Sand (SP)
Los Osos Valley Road
PH-25 and 10" Street 9.2.03 7 NR Sand (SP)
Los Osos Valley Road
PH-26 and Oakridge Drive 9.2.03 4 NR Clayey Sand (SC)
Los Osos Valley Road
PH-27 and Willow Drive 9.2.03 4 NR Clayey SAND (SC)
Los Osos Valley Road
PH-28 and Willow Drive 9.2.03 4 NR Clayey SAND (SC)
Los Osos Valley Road
PH-29 and Buckskin Drive 9.2.03 5 NR Clayey SAND (SC)




Geotechnical Report for Los Osos Wastewater Project

V]
March 9, 2004 (Montgomery Watson Harza) E—N—
: Other Tests
: Date AC AB SE = Sand Equivalent
No. Location (mo.dayr) | (inches) | (inches) Subgrade R = R-value
#200 = fine content
PH-30 Mar Vista Drive 9.2.03 4 NR Sand (SP)
NR Aggregate Base
PH-31 9.2.03 5 NR . NR reported but thickness
was NR
10™ Street and Los
PH-32 Olivos Avenue 9.4.03 8 NR Sand (SP)

NR — Not Reported

4.4.1.2 Soil Conditions

Artificial fill (Af). Artificial fill materials encountered in our explorations generally
consist of soils that appear to be associated with previous grading activities for roadway
construction and backfill for existing utilities. The thickness of artificial fill materials is expected
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 DH-106 drilled on the shoulder of South
Bay Boulevard near the East Santa Ysabel Avenue Lift Station, and in DH-114 drilled on the
shoulder 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 to 15 feet below the road
surface. The existing fill materials generally consisted of medium dense sand and clayey sand
with gravel. Where encountered, the artificial fill materials were underlain 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 foot, and moisture contents ranging from
approximately 4 to 11 percent. Sieve analysis tests indicate that the artificial fill materials tested
had approximately 2 to 24 percent material finer than the U.S. Standard 200 sieve. Atterberg
limits tests performed on a sample of clayey sand with gravel (SC) obtained from DH-106 had a
liquid 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 materials 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 system area. The areal extent of the
dune sand deposits, 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 topsoil is typically classified as
very loose to medium dense sand (SP), silty sand (SM) and sand with silt (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 dépth
were typically medium dense to dense sand (SP) and are locally interbedded with zones and
lenses of silty sand (SM), clayey sand (SC), sand with silt (SP-SM), and silt (ML).

Within the low lying areas of the site along the Baywood shore, and interdunal
depressions such as along Paso Robles Avenue and Ramona Avenue, groundwater was
encountered at shallow depths, the dune sand was typically 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 equivalent 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 Robles Formation,
appears to be relatively uniform and dips to the northwest 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
underlying denser Paso Robles Formation material that is of similar grain size and material type.
The underlying contact with the Paso Robies Formation ranges from approximately el. 200 feet
north of Highland Avenue to approximately'el. —4 feet near the shoreline of Morro Bay.

Within the eastern portion of the site (east of Palisades and north of Los Osos Valley
Road), the dune sand is mounded atop of the older Paso Robles Formation, with dune ridges in
portions of that rise up to approximately 150 feet above sea level near Santa Maria Avenue.
The base of the dune sand contact with the underlying Paso Robles Formation or Estuarine
Deposits ranges from approximately el. 115 to 125 feet along Los Osos Valley Road to below
sea level along the shorelines of Morro Bay near Baywood, to approximately el. 30 to 40 feet
along South Bay Boulevard.

Laboratory tests performed on samples of the sand dune deposits typically had dry
densities ranging from approximately 96 to 114 pounds per cubic foot, and moisture contents
ranging from approximately 1 to 23 percent. Sieve analysis tests indicate that the samples of
the sand dune deposits that were tested had approximately 1 to 17 percent material finer than
the U.S. Standard 200 sieve. Sand equivalent test results for samples of sand (SP) and sand
with silt (SP-SM) ranged from approximately 34 to 79. Sand equivalent test results for samples
classified as silty sand (SM), and sandy silt (ML) were 24 and 20, respectively.

Estuarine Deposits (Qe). Estuarine deposit materials were encountered in HA-8 and
DH-401, and are generally present within the areal limits of the Morro Bay estuary. HA-8 was
drilled 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
southern shoreline of Morro Bay. The surface exposure of the estuarine deposits is mapped as
“mud” by Hall (1973), as indicated on Plate 5a.

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

Alluvium (Qal). Alluvium was encountered in DH-102, DH-110, T-103, CPT-101, CPT-
113, CPT-114, CPT-146, CPT 406, CPT 407, CPT-413, and HA 401 and HA 402. The alluvium
is generally present along the eastern edge of the Morro Bay estuary and near Baywood. The
alluvium is similar in composition to the sand dune deposits, and is therefore difficult to
distinguish from the sand dune deposits on the basis of soil classification. Undifferentiated units
of alluvium may be present in areas mapped or logged as sand dune deposits, particularly in
low lying interdunal depression of the site. The limits of alluvium 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-SM) with varying amounts of silt. The deposits are locally interbedded with layers
and lenses of gravel, clay, clayey sand and organics. 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 below the existing ground surface in DH-110.
In CPT-146, performed near the intersection of Mitchell Drive and Pine Street, the alluvium was
underlain at a depth of approximately 8 feet by relatively dense sand that may have been units
of either older sand dune deposits or the Paso Robles Formation. Similar dense sand units
were encountered below the sand dune deposits in this area.

Laboratory tests performed on samples of the alluvium had dry densities ranging from
approximately 105 to 118 pounds per cubic foot, and moisture contents 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 helow the sand dune deposits where they were penetrated, and likely underlies the
dune sand over most of the project area. The material locally referred to 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 Robles Formation and the sand dune deposits and
alluvium, was the relative density of the material encountered, and the presence of clay layers
that would not be expected to be encountered within wind blown deposits. The Paso Robles
Formation was not observed to outcrop at the site, and therefore is not indicated on Plate 5a.

The Paso Robles Formation encountered in the explorations generally consists of dense
to very dense sand (SP), silty sand (SM) and clayey sand (SC). The sand is locally interbedded
with 1- to 5-foot thick layers of very hard lean clay (CL). Where encountered in the explorations,
the Paso Robles Formation was overlain by approximately 10 to 40 feet of dune sand and/or
alluvium. 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 previously, the surface of the Paso Robles Formation and contact with the
dune sand appears to be relatively uniform and dip to the northwest toward Morro Bay. Within
the western 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 Morro Bay. Within the eastern portion
of the site (east of Palisades and north of Los Osos Valley Road), the surface of the Paso
Robles Formation, was encountered from approximately el. 115 to 125 feet along Los Osos
Valley Road to below sea level along the shorelines of Morro Bay near Baywood, to
approximately el. 30 to 40 feet along South Bay Boulevard.

Laboratory tests performed on samples of the Paso Robles Formation typically had dry
densities ranging from approximately 104 to 122 pounds per cubic foot, and moisture contents
ranging from approximately 5 to 22 percent.

Franciscan Rocks (KJf). Franciscan 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 metavolcanic rocks below what appears to be Paso
Robles Formation at approximately el. —48 feet in TH-2 drilled at the east end of Santa Ysabel,
and at el. -6 feet in TH-4 drilled north of the project site along South Bay Boulevard. The
borings were terminated within 5 feet into the bedrock material. '

4.4.2 Pump Stations and Standby Power Buildings

The pump station areas are generally underlain by surficial sediments consisting of
artificial fill, alluvium, sand dune deposits, estuarine deposits, 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 to 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 Standby Power Building Sites

Existing Approximate
‘ Ground Depth to
Structure s;ff(afge Explorations* Ezzlun'::xzt:’n 4 | Subsurface Conditions Encountered.
Date Observed '
. . (mo.da.yr)**
Bap/wood Pump Station at 10 CPT-406 2.5'on 8.6.03 | Dune Sand (Qs) and/or Alluvium (Qal):
2" Street and El Morro Approximately 15 feet of very loose wet
sand (SP) overlying Paso Robles
Formation. .
Paso Robles Formation (QTp): Very
dense sand (SP) with interbedded layers
of silty sand (SM).
4-12
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- Structure

Existing

Ground

Surface
El {ft)

Explorations*

Approximate
Depth to
Groundwater
Encountered and
Date Observed
{mo.da.yry*

Subsurface Conditions Encountered

Baywood & Westside Paso
Standby Power Building at
CSD yard near 8" and El
Morro.

25

CPT-405
HA-403

5 on 8.8.03

Dune Sand (Qs): Approximately 15 feet
of very loose to dense wet sand (SP)
overlying Paso Robles Formation.

Paso Robles Formation (QTp): Very
dense sand (SP) with interbedded layers
of hard clay (CL).

W. Paso Robles Pump
Station at 3" Street

16

DH-404

8'on 8.12.03

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

East Santa Ysabel Avenue
Pump Station at South Bay
Boulevard

78

DH-108
HA-5

22'on 2.18.97

Dune Sand (Qs): Loose to dense sand
(SP) and silty sand (SM). DH-106
terminated in flowing sand.

East Paso Robles Avenue
Pump Station at 18"

72

DH-107
CPT-409
HA-2

0'on 1.28.97
8 on 8.6.03

Dune Sand (Qs): Approximately 15 feet
of very loose to medium dense wet sand
(SP) overlying Paso Robles Formation.

Paso Robles Formation (QTp):
Interbedded layers of dense sand (SP),
silty sand (SM), and hard clay (CL).

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

15" to
76’

DH-401
DH-402
DH-403

13'0on 8.11.03
19’ on 8.11.03
37'on 8.11.03

Dune Sand (Qs): 3 to 4 feet of loose silty
sand (SM) topsoil over medium dense to
dense sand (SP). Flowing sand below
water table.

Estuarine Deposits: Encountered below
Dune Sand in DH-402 at depth of 20 feet
(near el. O feet). Loose to medium dense
Silty sand (SM) and sand with clay (SC-
SM) with lenses of lean clay (CL).

Lupine Street Pump Station
at Donna Ave.

14

CPT-413
DH-117

5’ on 8.17.03
4’ on 1.21.97

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

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

Sunny Oaks Pump Station.
Los Osos Valley Road at
Sunny Oaks.

163

DH-114

15’ on 1.23.97

Dune Sand (Qs): Approximately 35 feet
of medium dense sand (SP). Sand
flowing into augers.

Paso Robles Formation (QTp): Stiff lean
clay (CL) with pockets of sand.

Mountain View Ave. Pump
Station at Santa Ynez Ave.

100

DH-406
CPT-135

11’ on 1.21.97

Dune Sand (Qs): Approximately 23 feet
of loose sand (SP) overlying Paso
Robles Formation.

Paso Robles Formation (QTp): Dense
sand (SP) with pockets and interbedded
layers of very stiff lean clay (CL).
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Existing Approximate
Ground Depth to
Structure Sé'lff(aftc)e Explorations* En?:ﬁ:unquztg:a d Subsurface Conditions Encountered
Date Observed
{mo.da.yr)**

Mountain View Standby 107 Dh-405 23’ on 8.12.03 | Dune Sand (Qs): Approximately 23 feet

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

at Nipomo and S. Bay Paso Robles Formation.

Boulevard. Paso 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 feet

& Ramona, 9" and San Luis, CPT-412 20'on 8.7.03 of loose sand (SP) overlying Paso

13:: north of San Luis, and CPT-404 17’ on 8.7.03 Robles Formation.

f i - ’ .18. .

157 north of San Luis/ HA® 8 on218.97 Paso Robles Formation (QTp): Dense to
very dense sand (SP) with interbedded
layers of very stiff clay (CL).

* Other explorations may be near by as shown and referenced on Plate 2a.
** Order of groundwater data is presented in same order as corresponding exploration.

4.4.3 Tri W Wastewater Treatment Plant

The subsurface conditions encountered at the Tri W Wastewater Treatment Plat site
generally consist of variable thickness of artificial fill materials (Af), sand dune deposits (Qs),
and Paso Robles Formation (Qpr). Subsurface profiles showing the geologic units encountered,
depth to groundwater, and field blow count or CPT tip resistance are shown of Plates 7a and 7b,
Subsurface Profile A-A’ and Subsurface Profile B-B’. A summary of the soil conditions
encountered in the explorations is presented below:

Artificial fill materials (Af). Artificial fill materials were encountered in five of the CPT
explorations (CPT 1 through CPT 5) performed in the roadway areas along the site perimeter.
The fill materials appear to 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 consisted asphalt pavement and loose to dense silty sand
(SM). The artificial fill materials were underlain by dune sand.

Dune Sand Deposits (Qs). Dune sand deposits were encountered at the ground
surface or below the artificial 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 to dense
fine sand (SP) and sand with silt (SP-SM).

Results of laboratory testing performed on samples of the sand dune deposits had unit
weights ranging from approximately 99 to 109 pounds per cubic foot, and moisture contents
ranging from approximately 2 to 5 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 (Q,). Paso Robles Formation was encountered below the
dune sand deposits in each of the explorations, and is exposed in drainages that run through
the site. The Paso Robles formation consists of interbedded layers of medium dense to very
dense sand (SP), sand with silt (SP-SM), sand with clay (SP-SC), silty sand (SM), silty clayey
sand (SC-SM), clayey sand (SC), and stiff to hard lean clay (CL), fat clay (CH), sandy silt (ML),
and silt (ML). Occasional gravel was also encountered at the various depths within the Paso
Robles formation 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 testing 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 5 to 28 percent.

4.4.4 Effluent Disposal Sites

The following summarizes the subsurface conditions encountered in the primary
disposal site areas. The deferred disposal site areas are located at various locations within the
collection system network. The soil conditions for the collection system area were previously
described in this report.

4.4.4.1 Broderson Site

A summary of the subsurface conditions encountered at the Broderson Effluent Disposal
and prototype percolation site is prepared are summarized on the Subsurface Profile C-C’
presented on Plate 7c. Additional boring and CPT logs from the Metcalf & Eddy (1996a) and
Fugro (1996a) are presented in Attachment A. The soil conditions generally consist of a
relatively uniform thickness of dune sand overlying the age-equivalent of the Paso Robles
Formation. The results of the percolation and prototype testing were previously described in
this report.

Dune Sand Deposits (Qs). Dune sand deposits were encountered at the ground
surface in each of the explorations. The dune sand was encountered to depths of
approximately 10 to 35 feet below the existing ground surface, and is underlain by the Paso
Robles Formation. The dune sand typically consisted of loose to medium dense fine sand (SP)
and sand with silt (SP-SM). The dune sand is locally interbedded with lenses of silt (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 94 to 105 pounds per cubic foot, and moisture
contents ranging from approximately 2 to 12 percent. The fines content (particles smaller than
0.075 mm) of the sand samples that were tested typically ranged from approximately 1 to 9
percent.

Paso Robles Formation (Qg). 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 to 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 Robles Formation and the sand dune deposits and alluvium, was the
relative density of the material encountered, and the presence of clay layers that would not be
expected to be encountered within wind blown deposits.

The Paso Robles Formation encountered in the borings generally consists of dense to
very dense sand (SP), silty sand (SM), and clayey sand (SC) with varying amounts of silt. The
sand is locally interbedded with 1- to 2-foot thick layers of very hard lean clay, and zones of silty
sand and sand with silt. Where encountered in the borings and CPT soundings, the Paso
Robles Formation was overlain by approximately 15 to 35 feet of sand dune deposits. The Paso
Robles Formation was encountered to the maximum depths explored at the site, approximately
165 feet below the existing ground surface in M&E (1995) boring B-8.

Results of laboratory testing performed on samples of the Paso Robles Formation
obtained from the borings had dry densities ranging from approximately 104 to 110 pounds per
cubic foot, and moisture contents ranging from approximately 3 to 9 percent. Sieve analysis
tests indicate that a sample of the Paso Robles Formation had approximately 1 percent material
finer than the U.S. Standard 200 sieve.

4.4.4.2 Santa Maria Avenue Site

A summary of the subsurface conditions encountered at the Santa Maria Effluent
Disposal and prototype drywell site is summarized on the Subsurface Profile D-D’ presented on
Plate 7d. Additional boring information in this vicinity is presented on the Cleath (2003b) logs.
The soil conditions 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.

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. Dune sand
deposits were encountered at the ground surface in each of the explorations to the maximum
depth explored, approximately 51 feet below the existing ground surface. The dune sand was
underlain by the Paso Robies Formation where encountered in a Cleath (2003b) borings (see
Plate 7d) at approximately 60 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
locally interbedded with lenses and pockets 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 approximately 102 to 108 pounds per cubic foot, and moisture
contents ranging from approximately 3 to 6 percent. The fines content (particles smaller than
0.075 mm) of the sand samples that were tested typically 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 Avenue within
the planned effluent disposal system area. The soil conditions 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 relatively deep dune sand deposits similar 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 to approximately 35 feet in CPT 410 advanced near
16" street. The dune sand appeared to be underlain by similar but denser units of sandy Paso
Robles Formation. The Paso Robles Formation was interbedded with 1 to 2 foot layers of
dense or 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
surface.

4.5 GROUNDWATER CONDITIONS

Shallow groundwater is common over much of the project area. Groundwater was
encountered in various CPT soundings, drill holes, and backhoe pits performed within the
project area. The depth to groundwater was observed 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 also observed that there were numerous springs
and areas of ponded water at the site. Additional groundwater data was also obtained from
Cleath and Associates for various monitoring wells that have been installed at the site by the
County of San Luis Obispo.

The groundwater levels were estimated from the various data sources to estimate to
“first water” as encountered in the explorations and estimate from the County data. We then
used our geographic information system to analyze and plot these data, as summarized on
Plates 8a, 8b and 8c. The groundwater conditions are relatively complex, particularly within the
southeast quadrant of the site, as a result of the_presence of shallow clay layers that result 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 1990-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 1995 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 results are summarized on Plate 8¢, which is the estimated depth to first -
groundwater encountered during the period of 1995 to 2003.

The groundwater contour elevations are approximately and were interpolated between
points of observation. County well data typically has groundwater level 5 to 10 feet higher in
1998 than in 1990, and in some case more than 20 feet. Groundwater and soil moisture
conditions will fluctuate seasonally, and as a result of changes in precipitation, storm runoff,
irrigation schedules and other factors. The groundwater conditions in areas near Morro Bay
appear to be influenced by tidal changes, such as was observed in the area of HA-8 drilled on
Doris Avenue just south of its intersection with Lupine Street.
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5. GEOLOGIC HAZARDS ASSESSMENT
5.1 FAULT RUPTURE

The Irish Hills segment of the Los Osos fault is the closest mapped fault to the site, and
is mapped approximately 1,500 feet south of the project area at its closest point. There is a low
potential for fault rupture to impact the project site.

5.2 STRONG GROUND MOTIONS

The Los Osos area is located in a seismically active region of central California relatively
close to mapped active and potentially active faults. The closest fault zoned active by the CGS
is the Los Osos fault located approximately 1 mile south of the project area, which is considered
capable of a maximum earthquake of M6.8.

Peak horizontal ground accelerations for the site were estimated using probabilistic
seismic hazard analyses. Based on the probabilistic seismic hazard analysis, we estimate that
strong ground motion having 10 percent probability of being exceeded during a 50-year and
100-year period is approximately 0.37g and 0.50g, respectively.

5.3 LANDSLIDES AND SLOPE STABILITY

To our knowledge the site is not within an area of mapped landslides, or of known slope
instability. The project site is located on relatively flat to moderately sloping terrain. It is our
opinion that there is a low potential for landslides to impact the project as presently planned.
Slope stability analyses were’ performed to provide a basis for providing the recommended
geosynthetic reinforcement and spacing needed for retaining wall design, and presented in this
report.

5.3.1 Slope Stability Evaluation 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 plant facility and for the
boulder-covered slopes proposed for the sedimentation basin. The purpose of our slope
stability analyses was to provide a basis for recommending geosynthetic reinforcement for the
design of retaining walls and slopes presented in this report. The proposed wall and slope
conditions were evaluated with respect to the slope stability criteria discussed below. The main
output 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 Evaluating and Mitigating Seismic Hazards in California. In this
study, for the purpose of evaluating the analytical results, the wall and slope were considered
stable when the estimated factor of safety was at least 1.5 under static loading conditions, and
at least 1.1 under pseudostatic (earthquake) loading conditions when using a horizontal
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pseudostatic coefficient of 0.15. A factor of safety 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 to define stable slope
conditions in practice to help account for uncertainties associated with characterizing
subsurface conditions and limitations associated with the geotechnical analyses used to
evaluate slope stability.

5.3.1.2 Approach

Analysis Methods. The slope stability analyses were performed using the computer
program STEDwin (Van Aller 1999). STEDwin was used with PCSTABL to estimate factors of
safety for 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 levels; 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 modified Bishop method to estimate
factors of safety for circular failure surfaces.

The SMU retaining wall and boulder-covered slope configurations evaluated as part of
the slope stability analyses were based on drainage and grading plans and typical sections
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 location, length, vertical spacing, and long
term design strength (LTDS) of the geosynthetic reinforcing layers as part of our stability
evaluations for the wall and slope. ‘

Selection of Shear Strength Parameters. Strength parameters (& and c¢) for backfill
and foundation materials were selected for slope stability analyses based on the results of
laboratory direct shear test 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
experience on similar projects. The strength parameters used for our slope stability analyses
are presented on the plotted output in Appendix C.

Groundwater Considerations. Groundwater and areas of wet soil were encountered in
our explorations as discussed in this report. Factors of safety for the SMU retaining wall were
estimated assuming existing groundwater levels are below the anticipated depth of excavation,
as encountered 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 Results

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 SMU retaining wall and the sedimentation basin boulder-covered slope. A
discussion of the results is presented below.
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SMU Retaining Wall. Slope stability analyses were performed for the tallest section of
the SMU 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 to be 3 feet, resulting in a total wall
height of 26 feet. We varied the location, length, vertical spacing, and LTDS 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 loading conditions and 1.1 for
pseudostatic loading conditions. Factors of safety were estimated assuming 18-foot long
geosynthetic reinforcing layers (LTDS = 5000 pounds per foot) spaced at 4 feet vertically. The
first reinforcing layer was located at the same elevation as firish grade in front of the wall.

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 stability analyses for the SMU retaining wall is provided in the table below.

Summary of Slope Stability Analyses for the SMU Retaining Wall

Wall Face G;;:)f'::;it;c Estimated Factor of Safety: Estimated Factor of Safety:
Height, H (ft) - Length, L (ft) Static Condition Pseudostatic Condition
23 18 15 1.2
19 12 1.5 1.2
15 9 16 1.1
11 8 15 1.1

* - Geosynthetic reinforcing assumed to have vertical spacing of 4 feet and LTDS of 5,000 pounds per foot.

Sedimentation Basin Slopes. We performed slope stability analyses for a typical
section of the sedimentation basin slope assuming a slope height of 8 feet and a slope
inclination of 1v:1%zh. 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 slope 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 pseudostatic loading
conditions, respectively, were estimated for 11-foot long geosynthetic reinforcing layers (LTDS =
1,000 pounds per foot) spaced at 2 feet vertically. The groundwater levels were assumed to be
87 feet and 65 feet for the static and pseudostatic evaluations, respectively.
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5.4 GROUND LURCHING

Ground lurching occurs as the ground is accelerated during a seismic event. As
evidenced by the Loma Prieta, Landers, and recent Northridge earthquakes, the effects of
ground lurching can damage buried pipelines. Ground lurching occurs due to decollement or
detachment of underlying stratigraphic units, allowing near surface soils to move differentially
from underlying soils and from localized amplification and damping of seismic waves due to
“pbasin effects”. Because the project area is in a historically seismic area and has variable
foundation soil conditions, the potential exists for ground lurching to affect the proposed project;
however, to the best of our knowledge, we know of no method to evaluate the location or
magnitude of potential ground lurching in the project area.

5.5 EXPANSIVE SOIL

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

5.6 TSUNAMIS AND SEICHES

Tsunamis, or long-period sea waves created due to seismic events or submarine
landslides, have historically occurred in the project region. Tsunamis can range in height from a
few feet to greater than 50 feet (a recent earthquake off of Hokkaido Japan resulted in a
tsunami greater than 100 feet in height), and can result in run-ups, or bores, extending great
distances up streams, rivers, and creeks. The site is located at an elevation ranging from
approximately sea level for the portions 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 Broderson effluent disposal site. Because the sand spit separates the
western edge of Morro Bay from the Pacific Ocean, the project area is not directly exposed to
wave attack from the open sea. It is our opinion that the greatest potential for tsunamis to
impact the site comes from inundation due to wave run up that could ternporarily impact water
levels in the bay.

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

54
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Historical Tsunami Run-up

Year Estimated Tsunami Estimated Impact Estimated Tsunami Run-up
Generation Location Location (meters/feet)

1868' Unknown Morro Bay Unknown
18787 Unknown Morro Bay Unknown
1927 Local Pismo Beach 1.8 meters/5.9 feet
1946 Aleutian Trench San Luis Obispo Bay 1.2 - 1.5 meters/3.9 - 4.9 feet
1960 Chile-Peru Trench - Central Coast >1.0 meters/>3.3 feet
1964 Gulf of Alaska Central Coast >1.0 meters/>3.3 feet

' Speculative

2 Reportedly overtopped the sand spit that separates the bay from the ocean (SLO C_ount_y 1999).

As noted in the above table, tsunamis generated from far-field sources have historically
occurred in the project region. A study performed by Houston and Garcia (1978) estimated the
100-year and 500-year tsunami runups in the study area based upon far-field source generation
locations (such as the Aleutian or Chile-Peru Trenches). On the basis of their study, the
estimated tsunami runup along the Cayucos/Morro 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 occurred in
Crescent City and other locations along the California coast. However, according to Kilbourne
and Mualchin, the worst case scenario would occur if a tsunami occurred during a
meteorological high tide (storm surge), which would add an estimated 15 feet to the runup
values calculated by Houston and Garcia (1978). Thus, with a worst case scenario, the
estimated tsunami runup for the 100-year and 500-year would be approximately 25 and 40 feet,
respectively.

Houston and Garcia’s (1978) study did not evaluate the tsunami runup potential
generated from local seismic events or local submarine landslides. It is difficult to model the
tsunami runup magnitudes based on local events; however, it is thought that local events can
generate tsunamis of equal magnitudes as far-field tsunami sources (Kilbourne and Mualchin
1980).

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 to 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
could be exposed and possibly damaged as a result of erosion associated with tsunami runup.

5.7 SOIL EROSION

The surface soils encountered at the site consist predominantly of granular sand dune
deposits and alluvium that are generally susceptible to erosion. Erosion can occur as gullying in
areas of concentrated flows of runoff, or as rilling or mass wasting of slopes that are not
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protected by vegetation. Soil erosion is apparent in many areas of the project site, including
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 potential 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 0.4g, and a corresponding earthquake magnitude of 6.8. The
analysis . was performed using procedures described in the JE?wEE&g.wdeline&.for
performing liquefaction analyses using CPT data. Seismic settlements were calculated in
association with the liquefaction analysés: however, seismic settiement can also occur in non-
liquefiable soil. Field data from the current supplemental field exploration and previous CPT
soundings were obtained electronically using an onboard-computerized data acquisition system.
These data were then imported into a geographic information system (GIS) to configure the
digital information, and analyze liquefaction potential using a programmed algorithm.

The results of the analyses are presented in Appendix D for various CPT data as a plot
of the CPT tip resistance, the calculated CPT resistance needed to resist liquefaction, and the
sleeve friction. The cumulative volumetric strain/seismic settlement potential calculated from
the data is also presented on the plots. The red line on the plots is the estimated CPT tip
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 loss of soil strength due to a rapid increase in soil pore water pressures
due to cyclic loading during a seismic event. In order for liquefaction to occur, three general
geotechnical characteristics are typically present: 1) groundwater is present within the
liquefiable zone; 2) the soil is granular; and 3) the soil is in a low to medium state of relative
density. If those criteria are met and those soils are subjected to strong ground motions, then
those soils may liquefy, depending upon the intensity and cyclic nature of the strong ground
motion. Seismically induced settlement or collapse can occur in soils that are loose, soft, or that
are moderately dense and weakly cemented, or in association with liquefaction.

Manifestations of liquefaction can consist of sand boils, loss of bearing capacity, lateral
spreads and slope instability, and differential and areal settlement. 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 evaluated the potential for soils to
liquefy based on the previous data available 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 Earthquake to observe whether or not there was evidence
of liquefaction 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 locations.
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Evidence of liquefaction appeared to occur along the shorelines of Morro Bay and
Cuesta Inlet. Liquefaction was manifested as sand ejecting around the pilings that support the
Baywood T-pier, numerous sand boils and mud volcanoes on the shore of Morro Bay mainly
below the high-tide line, and lateral spreads, pipes, and fissures along the shoreline of Cuesta
Inlet. The liquefaction appeared to be constrained to near the shoreline, 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 settlement.

The liquefaction appears to have occurred within a relatively shallow layer of loose sand
that was encountered in various explorations. 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 liquefiable as shown
on CPT-406 in Appendix D, Plate D-6. The depth of the potentially liquefiable materials
indicated by the blue zone on Plate D-6, corresponds to the elevation where sand boils and mud
volcanoes were observed along the shoreline near and beyond the T-pier. It is this general -
depth of loose sand soil that is commonly observed in the explorations, and has the greatest
potential for liquefaction. We did not observe evidence of liquefaction or differential seismic
seftlement at the higher elevations of the project such as at the Tri-W, Broderson, effluent
disposal 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 result
in longer periods of shaking. Earthquakes that occur closer to a site generally result in higher
ground motions than a similar magnitude earthquake that could occur away from the site. The
design basis earthquake is of similar magnitude to the San Simeon Earthquake (M6.8 vs. M8.5)
and has higher ground motion (0.4g vs. 0.18g).

5.8.2 Pipeline Network

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

The estimated seismic settlement that could occur during the design basis earthquake is
estimated to be approximately 1 inch, with a range of negligible settlement to about 1-1/2 inches
of settlement. Loose sand blankets the upper 5 to 10 feet of the site over most of the collection
system area. Soils having a low potential for liquefaction 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 characterized 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 Buildings

The pump stations and standby power buildings are generally located in areas of
relatively low relief, and commonly in areas of relatively shallow groundwater. As discussed in
the previous section of this report, these low-lying sites (although necessary for collection) are
the most vulnerable to liquefaction and seismic settlement. CPT logs 403-407, 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 mainly dependent on the relative density of the sand, the
groundwater elevation, and whether or not potentially 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 liquefaction. 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 liquefaction
to impact the structures.

The wet wells and vaults for the pump station are located below the depth of the loose
sand encountered. The recommended grading should help to limit differential settlement
between the deeper vaults and wet wells, and the adjacent buildings. We estimate that without
grading the foundation support soil for the planned buildings could be vulnerable to 1 to 2 inches
of seismic settlement, and a loss of foundation support that could result in additional settlement
of the structures. The grading recommendations of this report are intended to limit seismic
settiement to less than 1 inch below the structures, and maintain foundation support for the
structure during the design basis earthquake.

5.8.4 Tri-W Treatment Plant Site

The Tri-W site is underlain by a variable thickness of relatively loose to medium dense
sand dune deposits that overlie relative dense sand of the Paso 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 liquefaction. According
to the recommendations of this report, the overlying loose dune sand should be removed from
the planned building and plant equipment areas as part of the construction and be replaced with
compacted fill having a low potential for liquefaction and seismic settlement.

o
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5.8.5 Effluent Disposal Systems

5.8.5.1 Broderson Site

The effluent disposal system at Broderson will be located on a relatively gently sloping
hillside approximately 1,200 feet south of Highland Avenue. Approximately 800,000 gallons per
day of treated effluent will be disposed of at this site using a buried percolation line trench
system. The existing depth to groundwater is greater than 100 feet below the existing ground
surface, and except for the near-surface loose dune sand deposits the deeper soils 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 depths will not be
permitted to rise within 20 feet of the ground surface at the site. The results 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 table
associated with the disposal of effluent at the site is characterized by Cleath and Associates
(2000). At the Broderson site, the mounding should not result in the groundwater level being
any closer than 20 feet below the ground surface immediately below the percolation trenches.
The upper perched mounding occurs on a layer referred to as Horizon A, and off-site the
perched mounding pinches just north of Highland Avenue. The mounding on the lower water
surface is estimated to rise within approximately 40 to 50 feet of the existing ground surface
within the offsite area between Highland Avenue and Los Osos Valley Road. North of LOVR
the mounding is estimated to be within approximately 10 feet or less of the existing groundwater
level. 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 20 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 to depths of approximately 60 feet below the existing
ground surface at and in the vicinity of the Broderson site. Metcalf & Eddy (1995) advanced
borings with standard penetration testing (SPT) to depths of up to 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 groundwater table is predominately dense to very dense
sand. Dense to very dense sand materials are generally not vulnerable to liquefaction or
seismic settlement as a result of their relatively high state of density. There is therefore a low
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 liquefaction to occur in association with the effluent disposal at
Broderson. The main differences between the current and previous evaluations are
summarized as follows:

< Fugro (1996) was a preliminary study based on older CPT procedures that identified
general soil types (loose to medium dense sand) that may be vulnerable to
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liguefaction. The study identified that relatively thin and discontinuous finer grained
soil units and sand at various depths as potentially liquefiable in the event that they
were saturated at the time of an earthquake. These layers were further analyzed
using the more current NCEER (1997) procedures as part of the current study. The
current analyses indicate that the soils have a low potential for liquefaction based on
updated CPT procedures that include corrections for material type.

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

% Cleath and Associates (2000) estimated the depth of mounding due to effluent
disposal at Broderson and concluded that there was a potential for liquefaction to
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 to
occur within the soils encountered as a result of the effluent disposal system and
estimated mounding at Broderson.

5.8.5.2 Pismo and Santa Maria Sites

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

Relatively loose soil deposits and high groundwater conditions currently exist in the low-
lying interdunal areas. As discussed for the pipeline network, these interdunal low-lying areas
have a potential for liquefaction and seismic settlement in response to earthquake loading
based on existing subsurface conditions and design basis earthquake. The dune ridges are
underlain by dense soil and have a low potential for liquefaction. As the groundwater levels will
be similar to existing conditions in the interdunal areas following construction, there is no net
change in liquefaction potential expected.
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6. CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations of this report are based on the results of our
exploration and testing 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 treatment plant.

6.1 SUMMARY OF FINDINGS

< The soil conditions encountered predominantly consist of loose to medium denge
dune sand overlying denser sand with interbedded silty sand and clay of the Paso
Robles Formation. Alluvium and estuarine deposits were encountered in some
areas of the site near Morro Bay. Groundwater depths range from at or near the
ground surface, to having not been encountered to depths in excess of 80 feet.

< Portions 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.

< High groundwater conditions will likely require that portions of the pipeline trench be

dewatered, and the trench subgrade be stabilized with gravel to allow for excavation

and placement of the pipe and backfill materials. 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.

< The dune sand and alluvium consist of loose granular soil; mostly sand (SP, SM).
The sandy soils will not stand vertically, nor should be considered stable when cut
vertically. Temporary construction slopes will need to be either flattened to a stable
slope inclination or shored to allow for the pipeline construction.

< “Dragging a shield” is a common method of providing worker safety during trenching
and pipe construction. 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 will be
needed to 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 will likely need to provide continuous metal,
plywood, or timber, sheeting, or jackable shields, to 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 pavements, utilities, or structures.

< Site preparation for the treatment plant should consist of removing loose dune sand
materials from foundation areas, and replacing those materials as compacted fill.
Relatively deep, up to 10-foot, excavations could be needed to remove the loose
material from the planned building areas.
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The treatment plant faciliies can be supported on shallow foundation systems
bearing in the compacted fill. Buried portions of the structure should be designed to
resist lateral earth pressures.

Pump stations will likely be installed in sandy soil conditions below the groundwater
table. Dewatering or wet construction techniques 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 well allowing its outer casing to sink into the
ground. A seal course is then placed in the base of the excavation to resist
buoyancy 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 suitable application rates for the design of the effluent disposal
system.

The site is in a seismically active area of California. The plant should be designed 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 capable 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 strong
ground motion resulting from near-by or regional earthquakes. Evidence of
liquefaction was observed along the shoreline of Morro Bay adjacent to the site
following the December 2003 San Simeon Earthquake. The estimated potential for
liquefaction is mainly limited to areas near the shoreline of Morro 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 seismic settlement on pump station and

standby power building areas.

6.2 GRADING - GENERAL

6.2.1 Grading

Fill placement and grading operations should be performed according to the grading
recommendations of this report. We recommend that, unless otherwise noted, fill and backfill
materials be compacted to at least 90 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 materials are referenced in various sections of this report. Additional
recommendations for trench backfill materials, and other components of the project, are
presented in the sections that follow.

Aggregate base shall consist of imported material conforming to 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 to Caltrans Standard Specifications for Type B asphalt
concrete, Section 39.

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

Drainage material shall conform to Caltrans Standard Specifications for Class 2
Permeable Material, Section 68-1.025; or Caltrans Class 1 permeable material, or ASTM C-33
No. 8 coarse aggregate (pea gravel) provided the materials are enclosed in a filter fabric. As an
alternative, prefabricated geocomposite drainage panels, such as Miradrain can be placed
behind retaining walls.

Drainrock for drywells shall consist of imported crushed rock or gravel, comprised of
hard, durable 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 shall be uniformly graded and meet the gradation
requirements of ASTM C-33 No. 8 Coarse Aggregate.

Drainrock for percolation lines shall consist of imported crushed rock or gravel,
comprised of hard, durable 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 shall be uniformly graded and meet the
following gradation requirements:

Sieve Size Sieve Opening Percent Passing
(mm)
2in. 50 100
1%in. 375 90 -100
1in. 25 30-70
Fain. 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 geotextile that
conforms to the requirements outlined in the Caltrans Standard Specifications for Filter Fabric-
underdrains, Section 88-1.03.

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

Geosynthetic reinforcement shall consist of either geogrid or geotextile designed for
use in subsurface geotechnical slope reinforcement applications. Geosynthetic shall meet the
foliowing requirements:

1. The Long Term Design Strength (LTDS) of geosynthetic to be placed behind
segmental masonry unit walls 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:1v geosynthetic reinforced slope shall equal or exceed 1,000 pounds per
foot in the primary strength direction. The Geosynthetic Research Institute (GRI)
Standard Practices GG4 and GT7 shall determine the LTDS for geogrid and
geotextile reinforcements, respectively.

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

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

4. Certificates of compliance, a minimum 6-inch square sample, and documentaﬁon of
the LTDS shall 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 will provide a continuous
drainage void in the horizontal and vertical directions. Geocomposite drain placed behind
retaining walls shall have an impermeable backing. Geocomposite 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
minute per foot of width at a hydraulic 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 geocomposite drain. Filter fabric shall be integrally
bonded to the core materials with the drainage void. Core material manufactured from
impermeable plastic sheets having non-connecting corrugations shall not be permitted.

The fabric shall overlap a minimum of 6 inches at all joints and wrap around the exterior
edges of the drain a minimum of 6 inches beyond 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
overlap the fabric on the geocomposite drain at least 6 inches and be attached thereto.
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Should the fabric on the geocomposite drain be torn 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 performed by placing a piece of fabric that is
large enough to cover the damaged area and provide a 1-foot overlap.

Imported fill material brought to the site shall be free of organics, oversize rock (that is
over 3 inches in diameter), trash, debris, corrosive, 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 building areas shall have an Expansion Index of less
than 20. Imported soil to be used as bedding, pipe zone, or trench backfill material shall comply
with applicable recommendations of this report. Imported 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 geotechnical engineer prior to being
brought to the site; however, imported fill materials shall comply with all 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 least 30 and conforming to Section 19-3.025B, Sand Bedding, of the
Caltrans Standard Specifications.

Pipe zone bedding material shall consist of compacted in situ sand or imported
material having a sand equivalent of at least 30, and conforming to Section 19-3.025B, 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, %-inch or 1-72 inch (19 mm or
37.5 mm) gradation, R-value requirements are waived,

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

Retaining wall backfill material shall consist of either on-site or imported material
conforming to Caltrans Standard Specifications for Structure Backfill, Section 19-3.06, and
having a sand equivalent (SE) of at least 30.

Trench backfill shall consist of imported or onsite material that is free of organics,
debris, oversized material greater than 3 inches, and other deleterious materials. Trench
backfill material shall have at least 85 percent of the material passing the U.S. Standard No. 4
sieve, and/or comply with the applicable requirements for the area where the trench backfill 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 materials, should be removed. Demolition areas should be cleared of old
foundations, slabs, abandoned utilities, and soils disturbed during the demolition process.
Depressions or disturbed areas left from the removal of such material should be replaced with
compacted fill.

6.2.4 Fill Placement

The fill should be placed and compacted to at least the minimum relative compaction
recommended in this report. The moisture content of the fill should be between 2 percent below
to 2 percent above the optimum. Each layer should be spread evenly and should be thoroughly
blade-mixed during the spreading to provide relative uniformity of material within each layer.
Soft or yielding materials should be removed and be replaced with properly compacted fill
material, prior to placing the next layer. We recommend that fill materials placed in building or
pavement areas be mechanically compacted. Ponding or jetting should only be permitted for the
pipeline construction when approved by the Engineer, and should not 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 should not be nested and voids should 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 to the fill. While water is being added, the
soil should be bladed and mixed to provide a relatively uniform moisture content throughout the
material. When the moisture content of the fill material is excessive, the fill material should be
aerated by blading or other methods. Fill should be spread in lifts 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.

We recommend that prior to placing fill materials, that the existing soils be removed to a
depth of at least 2 feet below the existing ground surface. Where fill materials are to be placed
on slopes steeper than 4:1, the fill should be keyed and benched into the slope. The base of the
fill should initiate from a base key centered-at the toe of the slope. The base key should be
excavated at least 2 feet below the existing ground surface, or to relatively firm material. The
width of the base key should be at least 10 feet, and extend at least 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 soils. The base key and subsequent benches should be sloped at 2 percent
into the hillside.
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6.3 SEISMIC CONSIDERATIONS

The geologic hazards assessment for the project is summarized in Section 5§ 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 California Building Code and 1997
Uniform Building Code. On the basis of our characterization of the site seismicity, we
recommend that the following values be used for seismic design:

Summary of Seismic Data

cunterngutargCote | soumic paramaer | Vol o Bl
16-1 ’ Seismic Zone Factor (Z) 0.40
16-J Soil Profile Type (Sp), Stiff Soil
16-Q Seismic Coefficient (Ca) 0.44N,
16-R Seismic Coefficient (C,) 0.64N,
16-S Near Source Factor (N,) 1.3
16-T Near Source 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 liquefaction or seismic settlement to impact the project is discussed in
Section 5.8 of this report. We expect that there is a low potential for liquefaction to impact the
treatment plant areas, provided the recommended site grading is performed. Estimates of
seismic settlement are provided in the foundation design sections of this report. The effluent
disposal sites are generally underlain by relatively dense dune sand and Paso Robles
Formation that extend below the groundwater table, and are not considered susceptible to
liquefaction.

Liquefaction could impact the pump station and pipeline areas. We have recommended
site preparation and grading that will reduce the potential for liquefaction and seismic settlement
to impact the pump station areas. While liquefaction hazards are typically not mitigated as part
of the design and construction of a pipeline project, the potential hazards associated with
liquefaction can be addressed in emergency response planning, sometimes referred to as “soft
fixes®. Soft fixes typically consist of having a plan 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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6.3.3 Fault Rupture Hazards

There is a low potential for fault 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 faults or
fault trace.

A segment of the Los Osos fault referred to as “Strand B” was inferred to pass through
the community of Los Osos, generally along the alignment of Ferrell Avenue (DWR 1989,
Asquith 1997). Recent studies by Cleath and Associates (2003a , 2003b, 2003c) did not find
evidence of the fault, and suggest that the inferred anomaly is not associated with faulting but
with shallow perched groundwater 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 NETWORK
6.4.1 Backfill Considerations

Engineering fill material for the pipeline network will consist of bedding material, pipe
zone material, and trench backfill material. The MWH nomenclature for the zones within the
pipeline trenches are as follows: 1) the pipe zone is the cross section area of the trench
extending from the trench subgrade to 12 inches above the top of pipe, 2) the bedding zone is
defined as pipe zone material extending from the trench subgrade to the bottom of pipe; 3) the
embedment zone is defined as the cross sectional area extending from the top of the bedding to
the top of the pipe; and 4) the trench backfill zone is defined as the cross sectional area of the
pipeline trench extending from the top of the pipe zone to the bottom of the structural pavement
sections or the top of the trench excavation where the trench is outside 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 backfill are provided in the previous
section of this report.

6.4.2 Use of On-site Materials

Select fill materials for the pipeline network will consist of bedding, pipe zone, and trench
backfill material. On the basis of our laboratory tests and field explorations, our opinion is that
dune sand (Qs) material consisting of poorly graded sand (SP) will likely be suitable for use as
pipe zone, bedding, and trench backfill material. Soils classified as poorly graded sand with silt
(SP-SM) should 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), silty sand (SM), sandy
clay (CL), and clay (CL/CH) and materials 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 sand. After the surficial topsoil and artificial
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 bedding material should 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 potentially suitable
materials are not contaminated or mixed with the overlying or interbedded finer grained soils.
On the basis of our field explorations and laboratory 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 exploration, areas of on-site materials will likely be encountered
during construction that are wet and/or have a moisture content unsuitable for compaction, as-
excavated. The estimated “depth to first groundwater’ as encountered at various excavations
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and periods between 1997 and 2003 is shown on Plate 8c. Where the invert extends near or
below the groundwater level shown, we anticipate that the moisture content of the excavated
soil may not be suitable for compaction. Materials that are wet of optimum as-excavated, but
are otherwise suitable material, can likely be aerated or dried to a lower moisture content
suitable for compaction and then be used as trench backfill material or pipe zone material. It is
our experience in the project area, however, that periods or wet or foggy weather can occur that
make drying of soil materials relatively difficult. \Wet soil will likely need to be hauled and
stockpiled off site, spread and disked to aerate the material, and then hauled back onsite to be
placed as backfill once the material has been dried.

6.4.3 Foundation Support and Trench Bottom Stabilization

Where soft, wet, or yielding subgrade material is encountered, it is recommended that
the soils exposed in the bottom of the trench be stabilized prior to placement of bedding
material. The trench subgrade should be stabilized to a firm and unyielding condition that will
allow 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 gravel bedding material. Where the base of the
trench has been disturbed or is not properly dewatered, the contractor should be responsible for
removing the disturbed material and replacing it with compacted fill. 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
allowances for increasing the quantity of trench excavation and bedding thickness below the
pipe at the contract unit rates, if needed, to help stabilize the foundation support soils below the
trench.

Where soft, wet, or yielding soil conditions are encountered at the bottom of the trench,
we preliminarily recommend that the trench be stabilized with at least 12 inches of gravel
bedding material. Gravel bedding should conform to 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 soil to 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 gravel 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 bottom of the trench to
the groundwater depths encountered in our explorations, as depicted on Plate 8¢. The dune
sand is typically wet and can be saturated to a height 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
excavation, 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 select 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 materials according to the recommendations of the previous section. Bedding material
can consist of imported sand, gravel, crushed aggregate, or excavated on-site material having a
sand equivaient of at least 30 and conforming to the suggested materials specification of this
report. Where open graded gravel materials are used as bedding, a geotextile for separation
should be provided around the bedding material to reduce the potential for the native soil to pipe
into the bedding material. Where gravel is placed to stabilize the subgrade below the pipe, the
gravel should be continued up to the springline of the pipe as shown on Plate 9.

The bedding thickness below the pipe should be at least 6 inches or one 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 be
omitted provided the trench subgrade is prepared and compacted as recommended below.
Bedding materials should be compacted to at least 90 percent relative compaction, prior to
placing the pipe or the pipe zone materials.

Where the in-situ material within 9 inches of the bottom of the pipe meets the
recommended material requirements for bedding, bedding can consist of scarifying the existing
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 of scarifying the subgrade is to evaluate if there are rocks or deleterious objects within
the bedding thickness. Care should be taken that scarification or disturbance of the soil does
not occur below 9 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 materiat 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 at least 12 inches above the top of the
pipe should be compacted to at least 90 percent relative compaction prior to placing trench
backfil. Compaction within the pipe zone should be performed such that the pipe is fully
supported, and such that excessive deformation or damage to the pipe does not occur. Material
should be hand shoveled and sliced below the haunches of the pipe during placement to
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 backfill should consist of
excavated on-site soil that conforms to the suggested material specification of this report, or
imported material that is free of organics, debris and other deleterious materials. Trench backfili
should be compacted to at least 90 percent relative compaction, except in roadway areas where
trench backfill placed within 3 feet of finish grade of the pavement surface should be compacted
to at least 95 percent relative compaction.

6.4.7 Backfill and Compaction

Fill placement and grading operations should be performed according to the grading
recommendations of this report. We recommend that fill materials be compacted to at least 90
percent relative compaction, as determined by the latest approved edition of ASTM D1557,
unless a higher degree of compaction is otherwise recommended. We recommend the following
minimum relative compaction be provided for the locations indicated:

Location Recommended Minimum
Relative Compaction

General 90 % U.O.N.
Pipe Zone and Bedding ' 90 % U.O.N.
Trench backfill in non-pavement areas or placed greater than 3 ' 90 % U.O.N

feet below finished grade in pavement areas A
Trench backfill placed within 3 feet of finished grade in 95 %
pavement areas °
Aggregate Base or Subbase 95 %'
Asphalt Concrete 95 %

Building Areas 95 %

U.O.N. = unless otherwise noted

6.4.7.1 Mechanical Compaction

The backfill should be placed and compacted to at least the minimum relative
compaction recommended in this report, as determined by Standard Test Method ASTM D1557.
Each layer should be spread evenly and should 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 material, prior to placing the next layer.
Rock, gravel, and other oversized material should be removed from the backfill material being
placed as to conform to our recommendations for trench backfill material. Rocks should not be
nested and voids should be filled with compacted material.

Impact 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 ability
to compact the soil is dependent on the soil type, moisture content, and suitability of the
compaction equipment for the conditions encountered. The backfill materials are expected to
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consist of predominantly granular material that can typically be compacted using static or
vibratory, smooth drum, vibratory plate, short-sheepsfoot compaction wheels, or similar
compactors. Long-sheepsfoot and similar kneading type compactors are generally not suited
for compaction of granular soils.

When the moisture content of the backfill material is below that sufficient to achieve the
recommended compaction, water should be added to the fill. While water is being added, the
soil should be bladed and mixed to provide a relatively 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 lifts no thicker than
approximately 8 inches prior to being compacted. Fill and backfill materials may need to be
placed in thinner lifis to achieve the recommended compaction with the equipment being used.

6.4.7.2 Jetting and Ponding

Jetting and ponding of water to assist with compaction should not be permitted in areas
of poorly drained or wet soil or in areas of high groundwater. Jetting may be used to compact
trench backfill in areas where groundwater is not present and the in-situ soils are well drained.
Jetting should not be permitted until after the pipe and pipe zone materials have placed and
compacted with mechanical equipment. We recommend that trench backfill materials to be
compacted by jetting or ponding have a sand equivalent of at least 30 (assumed coefficient of
permeability faster than 1.0 x 10 cm/s). Water used for jetting shall be clean potable water free
of contaminants, corrosive elements, and acceptable and compliant with applicable water
quality control standards and regulations.

The pipe used for jetting should be capped at its end and perforated along its side as to
allow water to flow out into the materials being compacted. The jet pipe should be capable of
penetrating to within 2 feet of the bottom of the lift being compacted. The water used during the
jetting process should not be allowed to pond or pool at the bottom of the trench. In addition,
mechanical or vibratory compaction should be provided to supplement the compaction by
jetting. Jetting and ponding should not be permitted in the upper 3 feet of the pipeline trench.
Prior to beginning backfill placement, we recommend that the contractor 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 backfill. -
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6.4.8 Pavement Structural Section Design

Typical practice is to replace pavements with the same structural section as the existing
section, or to design the structural section according to Caltrans procedures. Roadway
structural section information, as 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 pavements on the basis of procedures presented in the Caltrans Highway Design
Manual. Where trench backfill materials are placed in pavement areas, the upper 3 feet of the
backfill materials should be compacted to at least 95 percent relatively compaction. On the
basis of our laboratory testing, observation 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 structural section recommendations for alternative R-values, if
requested. We recommend the following asphalt concrete (AC) and aggregate base (AB)
thicknesses for 1- and 2-layer structural sections.

T AC Thickness (inches) AB Thickness
(inches)
4 -4 -
3 4
4%
5 —_
3 4
6 5% -
3% 4
7 6% -
4 42
8 8 -
4% 6

The R-value used for design was selected on the basis of the soil conditions
encountered in the explorations, and laboratory testing of selected samples obtained from the
borings. The upper 3 feet of trench backfill material should have an R-value of at least 50.
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6.4.9 Trenchless Installations

We understand that trenchless techniques could be used to construct the pipeline at the
following locations:

< The north end of Solano Street;
% The intersection of Pecho Road and Henrietta Avenue;

< 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
trees, and

% As an alternative to open cut construction.

Trenchless installations can be performed using a tunnel boring machine, commonly
referred to as microtunneling, or by jacking the pipe and excavating the soil 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, cobbles, or boulders. Special techniques, such as using a tunnel
boring machine with a closed-heading and pressurized slurries, may be needed to address the
subsurface conditions encountered.

6.4.9.1 Soil and Groundwater Conditions

The site is generally underlain by dune sand deposits overlying dense sand comprised
of Paso Robles Formation, older alluvium, and older sand dune deposits. Explorations
performed in the Solano Street and Henrietta Avenue areas, where trenchless pipe installations
are being considered, encountered loose sand and groundwater. Groundwater was
encountered at 3 to 4 feet below the pavement surface during the January 1997 field exploration
program (Fugro 1997). These types of subsurface conditions can be the most challenging that
boring contractors can encounter.

We expect that the advancement of the boring operation will be relatively difficult as a
result 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 boring machine and the use of drilling mud or pressurized slurries
will likely be needed to maintain support face support at the tunnel heading.

6.4.9.2 Boring Tolerances

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

6.4.9.3 Jacking Resistance

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

Depth Below Ground Surface Minimum Plate or Ultimate Passive Pressure
(feet) Block Dimension (psf)*
(feet)
Less than 3 - 0
3 or greater 1.5 square 1,200
5 or greater 2.0 square 2,000
8 or greater 3.5 square 3,200

*Use % of the recommended passive resistance when below groundwater

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

6.4.9.4 Monitoring and Instrumentation

Monitoring of ground surface movements should be provided to assess whether or not
settlement or heaving is impacting the road surface as a result of the pipe installation. The
project specifications should require the contractor to submit a detailed plan of the monitoring
program and pipe installation procedures. The program should monitor 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 program are summarized as follows.
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Point Frequency Tolerance Maximum
Allowable
Surface H°“T'V Yvhen headlng IS .W'thm.15 feet of the + 0.25 inches 0.5 inches
monltonng point; otherwise daily. -

When the tolerance is exceeded, modifications to the pipe installation should be made to
prevent excessive settlement or heave. If the heave or settlement exceeds the maximum
allowable, then mitigation, such as grouting and repair to the roadway, should be provided.

6.4.9.5 Post-Installation Grouting

Post-installation grouting should be performed when settlements along any portion of the
pipeline alignment exceed the allowable settlements 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 settlement. When the grouting can be performed from within the jacked
casing or pipe, grout points should be set alternating at 30 degrees from plumb each side of the
vertical centerline of the top of the pipe. Grouting around the casing should be attempted at all
grout points. The jacking and boring should be monitored 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 required to perform a limited environmental site
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 contractor should assume that “gassy” conditions
exist at the bore locations, unless a determination is made prior to initiating the tunneling.
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6.4.10 Thrust Resistance

Where 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 block, or by a combination of the two.

We understand that pressurized pipelines could be designed to resist thrust using
restrained joints in conjunction with mobilized pipeline/soil resistance. A coefficient of lateral
earth pressure, K,, value of 0.7 can be used in conjunction with a coefficient of friction of 0.35 or
0.20 between the pipe and granular backfill material in contact with DIP or PVC pipes,
respectively. The recommended values assume that granuiar pipe zone materials will be
placed adjacent to 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 block, and the estimated frictional resistance acting along the
base of the block. Thrust blocks should be designed with a minimum cover of 3 feet below
finish grade. The passive pressures presented in the previous section of the report are
considered to be applicable for the design of thrust blocks along the pipeline route. We
recommend that a coefficient 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 overburden soils. A
buoyant 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
joints.

6.4.11 Backfill 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 Underground
Conduits presented in Spangler and Handy (1982). Vertical loads were estimated for rigid and
flexible ditch conduits. On the basis of Marston Theory, the load on the pipe will depend on the
stiffness of the conduit relative to the stiffness of the trench backfill materials. The estimated
loads on “rigid” pipes should be used for stiff conduits (such as concrete, ductile iron or clay
pipe), or cases where the backfill materials are loosely compacted. The estimated loads on
“flexible” pipes should be used for conduits that will deform in a manner similar to the backfill
(such as for PVC or other plastic pipes), and where the backfill is compacted to 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 90 percent relative compaction) could experience
loads higher that those estimated.

The estimated load on the pipe assumes that the trenches will be backfilled using on-site
or imported granular soils having a maximum cover thickness of 24 feet. No factor of safety was
applied to the estimated loads. A summary of the estimated load on flexible and rigid conduits
follows:
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Estimated Load on Ditch Conduits

{poundsi/linear foot)

Inclination of Trench Slopes
Pipe Condition Pipe Diameter Vertical 1h:1v or steeper 1.5h:1v or steeper

(inches)

Rigid upto 6 410 720 900

up to 12 620 1250 1610

upto 18 830 1790 2320

Flexible upto6 130 140 150

up to 12 280 310 320

upto 18 440 490 500

The estimated loads are provided on the basis of a maximum 24-foot cover thickness:
smaller loads will result for shallower thicknesses of material. The loads on the pipe can be
reduced by providing modified trench 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 requested.

6.4.12. 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 developed by Spangler and Handy (1982). We used procedures recommended by
Hartley and Duncan (1987). We have recommended E’ values for general conditions that were
estimated for pipeline trenches backfilled with granular materials complying with the
recommendations of this report, and for in-situ materials consisting of normally consolidated
sand. On the basis of our evaluation, we recommend that the following values of E’ be used for
pipe design.

Case or Limits o Recommend E’ value
General with depth of cover of 3 to 5 feet: 1,000 psi
General with depth of cover between 5 and 10 feet: 1,500 psi
General: for each additional foot of cover below 10 feet: 1,500 psi + 100 psi x (Depth of cover
below 10 feet)

The E' value was estimated as the weaker of the pipe zone material or in-situ material
beyond the springline of the pipe. The recommended E’ value was selected based on the soil
conditions encountered at the site. The geotechnical engineer should review the trench during
construction. If unsuitable materials are encountered along the spring line of the pipe, the
trench detail and design of the pipe should be reviewed to evaluate if modifications to the design
are needed to provide for the lower springline support. Placing slurry or a concrete cradle below
the haunches of the pipe can help to provide additional springline support for pipes embedded
in relatively weak soils.
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6.4.13 Construc_tion Considerations

6.4.13.1 Excavation

As part of the Fugro (1997) field exploration program, 7 backhoe trenches were
excavated at the site. The logs of the trenches are presented in Attachment C3. Photographs of
the trenches are presented on Plates 10a to 10g. On the basis of the trenching, it is our opinion
that the main geotechnical considerations for the trench excavations will be:

< The soils encountered at the site generally consist of sandy soils. The trenches 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
conventional backhoe or excavator type equipment typically used for pipeline
construction.

< The soils 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 conditions at the time of construction, the soil
may exhibit apparent cohesion for a time; however, even temporary unsupported
excavations with vertical sidewalls should be considered to be potentially unstable .
and subject to collapse. Excavations should be sloped or shored in accordance with
OSHA requirements.

< Groundwater was encountered at relatively shallow depths in the borings, trenches
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 into the excavations. Excavations extending below the
groundwater table should not be considered feasible without the use of dewatering
prior to excavation. Areas of potentially high groundwater are shown as Zones A
and B on Plate 9.

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 1990 and 1997 are summarized on Plates 8a and 8b. The estimated depth that
groundwater was encountered in various excavations performed during the period of 1997 to
2003 is shown on Plate 8c. In some areas of the site groundwater daylights on the surface,
resulting in areas of ponding, springs, and seeps. Groundwater and surface water conditions
along the coastal areas in Baywood and Cuesta-by-the Sea are likely influenced by tidal
fluctuations. Groundwater changes will also fluctuate seasonally, and with variations in storm
water runoff, irrigation schedules, rainfall, and other factors. '

On the basis of the groundwater conditions encountered at the site, it is our opinion that
dewatering will be needed to construct the pipeline trenches. The contractor should be
responsible 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 bottom of the trench prior to excavation.
Dewatering should be performed 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 material. Dewatering facilities, such as sump pits, wells,
and well points should be designed with filters such that sand and fine-grained materials are not
removed from the soil during dewatering operations. Dewatering facilities should be installed in
advance of beginning excavation, and time should be allowed for lowering of the groundwater
table before beginning excavation. Prior to mobilizing equipment to the site, the contractor
should be required to submit a dewatering plan for review by the design consultant 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
samples obtained from the borings (CFS, 2000b; Fugro, 1997; Fugro, 1996). The results of
these and the other laboratory tests are summarized in the attachments in Volume 2 of this
report. Although the soil conditions encountered generally consist of sandy materials, layers 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 dewatering points or wells prior to submitting the dewatering plan.

6.4.13.3 Temporary Slopes

The soils encountered within the expected depths of excavation consist predominantly of
sand (SP) with varying amounts of silt. In our opinion, the soils encountered will not maintain a
vertical slope. Temporary slopes should 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 slopes or shoring. As guidance for design, we estimated inclinations for temporary
slopes based on the OSHA guidelines. The slope inclinations recommended by OSHA
guidelines are provided on the basis of soil classification categories. OSHA provides definitions
for classifying the soil as Type A, B or C material, or as solid rock. Slopes designed on the basis
of the soil classification can be used without performing site-specific engineering analysis.

The dune sand and alluvium consist of loose granular soil, mostly sand (SP, SM), Type
C soil. The sandy soils will not stand vertically, nor should be considered stable when cut
vertically. Temporary construction slopes will need to be either flattened to a stable slope
inclination or shored to allow for the pipeline construction. For Type C soil conditions, OSHA
guidelines indicate that temporary construction slopes should be constructed at inclinations of
1-1/2:1 (horizontal to vertical) or flatter for trench depths of up to 20 feet. The slope inclination
assumes that the soils consist of relatively clean sand that would be dewatered prior to initiating
excavation. Slopes should not be considered stable if seepage can daylight on the slope 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 potential for groundwater to daylight on the slope.
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6.4.13.4 Shoring

The use of continuous metal, plywood, or timber, sheeting, or jackable shields, will likely
be needed to support vertical trench walls, 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 should be designed in association with dewatering system
for the construction. Trench walls lacking tight sheeting or adequate sidewall support in those
areas could experience trench wall instability or movements that could damage adjacent
pavements, utilities, or structures. Continuous excavation support should be anticipated to
reduce the potential for sloughing of soils.

Sheet piles that extend below 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.

“Dragging a shield” is a common method of providing worker safety during trenching and
pipe construction. However, unless specific provisions exist 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. As observed in backhoe excavations, caving typically occurred
as the material was being excavated below a depth of approximately 5 to 7 feet. Shoring will
likely need to be installed simultaneously with or prior to excavation to reduce the potential for
caving of the sidewalls.

According to OSHA, the lateral earth pressure acting on trench shoring can be estimated
as a uniform soil pressure plus a surcharge for traffic loading. For the Type C soil conditions
discussed in the previous section of this report, OSHA recommends that the active earth
pressure acting on trench shoring be estimated as:

o, = 80H + 72 psf for soil being retained above the water table
ca =40H + u + 72 psf for soil being retained below the water table
where:
“c," is the uniform, active earth pressure acting on the shoring, in pounds per square foot (psf) with a level backslope
“H” is the height of the soil that is being retained in feet
“u” is the water pressure that increases at 62.4z, with z = depth in feet

“72 psf” is the traffic surcharge

Excavated 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 materials, or other surcharges, can be assumed to not 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 Soil Properties

Based on the soil conditions encountered in our borings, we recommend the following
geotechnical parameters for use in the contractors evaluation of temporary slopes or shoring
systems:

Friction Angle (¢): 33°
Cohesion (c): 0
. Unit Weight of Soil (y): 120 pcf
(above the water table)
Effective Unit Weight of Soil 60 pcf
r'): (below the water table)
Unit Weight of Water (y.): 62.4 pcf

The contractor should review the recommended geotechnical parameters during design
and construction to evaluate whether the properties are appropriate for the design, and provide
additional testing, exploration, and/or analysis as required.

6.4.13.6 Existing Structures

The proposed project will generally be constructed in areas that are relatively heavily
occupied by residential and commercial type developments. The contractor should be
responsible for the design of shoring systems such that the construction will not result in
settlement or instability of adjacent structures, private property, or existing roadway
improvements that will not be replaced as part of the project. In general, 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 shored 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 structures or foundations, the contractor should design the slope or
shoring system for the additional surcharge load.

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

Seven pump stations and up to 16 pocket pump stations are planned in various low lying
areas of the site. The pumps will generally be installed in manhole type structures with wet
wells and vaults extending to depths of approximately 6 to 18 feet below the existing ground
surface, respectively. The subsurface conditions encountered in the pump and lift station areas
generally consist of sandy soils with varying groundwater levels as described in this report.

6.5.1.1 Lateral Earth Pressures

Below grade structures, such as wet wells and vaults, should be designed to resist
lateral earth pressures. The lateral earth pressure acting on buried cylindrical structures was
estimated for the planned vaults and wet wells that will be designed in association with the
pump stations, and is summarized on Plate 11. We recommend that buried cylindrical
structures be designed to tolerate fully submerged and dry backfill conditions. The
recommended earth pressures assume that the structures will be backfilled with Retaining Wall
Backfill material conforming to the materials recommendations of this report, or be sunk into
native sandy soils using caisson type construction. Non-cylindrical buried structures or vaults
can be designed according to the lateral pressure recommendations of Section 6.6.6 of this
report. :

6.5.1.2 Uplift Forces

Below grade structures should be designed to resist uplift forces resulting from the
buoyancy of the structure and high groundwater conditions. The base of the structure should be
ballasted such that the buoyant unit weight of the slurry seal (if needed), the base of the well,
and the structure itself will resist uplift forces assurning fully submerged backfill conditions. If a
structure is located within an area subject to flooding, the uplift force should be estimated
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 along the sides of the
structure, and the dead weight of any above grade portion of the structure.

The frictional 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 soil and the structure. The horizontal stress acting on the outside of the structure can be
estimated from Plate 11. The horizontal stress should be estimated for submerged backfill
conditions. We recommend that an ultimate friction coefficient of 0.4 be used to estimate the
frictional resistance along sides of the structure. A factor of safety of at least 1.25 should be
applied to design the structure to resist uplift forces associated with buoyancy.

6.5.1.3 Construction Considerations

An excavation plan should be prepared in advance of the pump station construction, and
be submitted for review by the geotechnical engineer prior to mobilizing equipment to the site.

6-24

]



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

The plan should be prepared by a 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
poured to stabilize 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 to resist buoyancy
forces associated with relatively high groundwater levels, as discussed in the previous section
of this report and shown on Plate 11. The seal course should be capable of resisting the
maximum groundwater level near the excavation, and should be at least 3 feet thick.

Alternatively, the excavation can be dewatered prior to excavation, and the excavation
and construction of the pump station can be performed in the dry using cast-in-place concrete.
It is our opinion that this type of construction would be relatively difficult because the amount
and effectiveness of the dewatering is relatively difficult to assess. The soils encountered at the
various sites included loose sand below the groundwater table, and interbedded clay soils 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. VWhere the construction is
performed 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 stabilizing material should be entirely encased in geosynthetic material for
stabilization, as recommended in 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 should 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 typically encountered in the planned
standby power building areas. To provide relatively uniform support for foundations and slabs,
we recommend that the existing soil in standby power building areas be removed to the
recommended depths and be replaced with compacted fil. 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 fill will be provided below the footings. The recommended
minimum depths of removal in the planned building areas are provided in the following table.
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Location Existing Ground Grog:d::‘ater Esfimated Depth of Removal

Surface EncouFr,\tere d Below the Existing Ground Surface

Baywood & West Paso

Standby Power Building at el 10 & 5 4 feet or 1 foot below the bottom of footings,

CSD Yard new 8" and El ' . , whichever is deeper.’

Morro

East Ysabel Standby

Power Building and Pump el. 78 to 83 ft 22 4 feet or 2 feet below the bottom of footings,

Station at South Bay ) ) whichever is deeper.

Boulevard

East Paso Standby Power .

Building and Pump Station | el. 710 72 ft. Otogfest | >foStOr2 {Seztet;e':;’}’ the bottom of footings,

at 18" Street ' . P

Sunny Oaks Standby .

Power Building and Pump | el. 152 to 159 ft. About 20 3 foet or 1 foot belowthe battom of footings,

Station P

Lupine Standby Power .

Building and Pump Station el 14, 4to5feet | 2foct or Tfoct belowthe boftom offoolings,

at Donna Avenue per

Mountain View Standby

Power Building at CSD 4 feet or 2 foot below the bottom of footings,

Yard near Nipomo and S. el. 107 23 feet whichever is deeper

Bay Boulevard.

! Provide subgrade stabilization to address groundwater or wet soil conditions as recommended below.

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

Subgrade Stabilization. We expect that stabilization of the subgrade will be needed to
provide support for the standby power building and stabilize areas of shallow groundwater and
wet subgrade conditions. Stabilization should be provided to allow for the recommended
compaction to be achieved in the subsequent fill materials. If shallow 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 bottom 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 building area. Where groundwater is present within the anticipated depth of
excavation, dewatering from properly filtered pumps should be provided prior to excavation.
The bottom 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 equipment with low ground pressures. The geotextile
should be then placed over the undisturbed subgrade. The gravel should then 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. VWhere additional fill is to be placed over the gravel, the gravel
should be entirely encased in the geotextile.

The project specifications should 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 slab-on-grade can be designed 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 to various depths at
the site. To provide relatively uniform support for foundations and floor slabs, we recommend
that the existing dune sand be removed and be replaced as compacted fill. The recommended
minimum depths of excavation are based on the depth of the very loose to loose materials
encountered in the explorations. The excavations should remove the loose materials, and

I

extend to at least 5 feet beyond the building footprint or perimeter footings and slabs. A
summary of the estimated depths of removal follows:

Structure

Approximate

Recommended Depth of Removal

FF/Slab Elev.
. _— el. 65 feet (approximately 10 feet below the existing ground surface) or top
Operations Building el. 74.50 feet of dense sand, whichever is deeper.
- o el. 65 feet (approximately 10 feet below the existing ground surface) or top
Residuals Building el. 74.00 feet of dense sand, whichever is deeper.
Infiuent P_ump Station gnd Mass grade area in association with Operations and Residual Buildings to
Plant Drain Pump Station, - at least 5 feet beyond these improvements.
Septage Tank. y P :
- el. 62 feet (1 to 2 feet below the bottom of the bottom of the footings)
;::gﬁnéit::dmg el. 67 feet (GWT encountered near el. 65 feet in CPT101). Place drain rock encased
in geotextile (stabilization) on undisturbed subgrade to base of slab/footing.
Treatment Building el. 74 feet el. 65 feet (approximately 10 feet below the existing ground surface) or top
— upper level ’ of dense sand, whichever is deeper.
. 7 feet below the existing ground surface, or 2 feet below the bottom of
Biofilters el. 74-75.35 feet footings, whichever is deeper.
Treated Effluent el. 65 feet 2 feet below the bottom of footing, or 10 feet below the existing ground
Storage/Tertiary Filters ’ surface whichever is deeper.
Future CSD Office Building el. 96 feet 5 fegt below_the existing ground surface, or 2 feet below the bottom of
footings, whichever is deeper.
Retention Basin Retaining el. 65 feet 2 feet below the bottom of footing, or 10 feet below the existing ground

Wall

at base of wall

surface whichever is deeper.

Perimeter SMU el. 75 feet 2 feet below the base of wall or 5 feet below the existing ground surface

Retaining Wall at base of wall whichever is deeper.

Sediment Basin Wall el. 82 feet 2 ft_aet beloyv the base of wall or 7 feet below the existing ground surface
at base of wall whichever is deeper.

Prior to placing compacted fill, the base of the excavation should be scarified to a depth

of approximately 9 inches, moisture conditioned, and compacted in-place to at least 95 percent
relative compaction. Fill materials placed below footings or floor slabs should be compacted to
at least 95 percent relative compaction. Where fill materials are placed as retaining wall or
trench backfill that will not support improvements, the backfill should be compacted to at least
90 percent relative compaction. Compacted fill can then be placed to finished grade according
to the fill 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 fill materials prepared in accordance with the

recommendations of this report. We recommend that for spread footing foundations founded in
compacted fill that a maximum allowable bearing pressure of 2,000 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 should be
embedded at least 1 foot into compacted fill material, and at least 1.5 feet below the lowest
adjacent exterior grade or finished slab elevation whichever is deeper. The maximum allowable
bearing pressure can be increased by 500 pounds per square foot for each additional foot of
footing width or embedment exceeding the recommended minimums. The maximum allowable
bearing 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 allowable bearing pressure provided the resultant force acts within
the middle third of the footing. The maximum allowable average and toe bearing pressures can
be increased by one-third when considering short-term wind or seismic loads.

We estimate that settlements resulting from static foundation loads should generally be
on the order of approximately 1-inch total and approximately Yz-inch differential between
foundation elements designed according to the recommendations of this report.

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

6.6.3 Resistance to Uplift Loads

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

6.6.4 Resistance to Lateral Loads

Resistance to lateral loading can be provided by sliding friction acting on the base of
spread footings 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 bottoms of footings or slabs bearing in compacted soil. WWe recommend
that a passive resistance of 350 pounds per cubic foot, equivalent fluid weight, be used to
estimate the lateral resistance acting on the sides of footings or grade beams. Passive
resistance should not be used for the upper one foot of soil that is not constrained at the ground

6-29

W

H

e



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

surface by slab-on-grade or pavement. A one-third increase in the passive value can be used
when considering short-term wind or seismic loads.

6.6.5 Slab-on-grade

The soils encountered in building areas consist predominantly of sand (SP) to silty sand
(SM), and can be considered non-expansive (having an Expansion Index less than 20) for use
with the building code. For walkways and other minor flat work that will not be subject to vehicle
traffic, we recommend that the upper 12 inches of the subgrade be compacted to at least 90
percent relative compaction.

Slab thickness and reinforcement should be designed by a structural engineer to resist
structural loading and to satisfy pertinent code, temperature, and shrinkage requirements. On
the basis of the soil conditions encountered, we recommend that concrete floor slabs and flat
work without vehicular traffic be at least 4 inches thick and be reinforced with at least No. 3
reinforcing placed at not more than 18 inches on center both ways. Reinforcement should be
placed at mid-thickness 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 retarder should be provided below slabs with floor coverings to reduce the
potential for moisture to migrate from the soils up to the slab. The vapor retarder should consist
of 2 inches of coarse sand, overlain by a visqueen membrane and an additional 2 inches of
sand. In lieu of the vapor barrier, we recommend that slabs with vehicle traffic be underlain by
at least 4 inches of aggregate base over 4 inches of drainage material compacted to at least 95
percent relative compaction. Sand, aggregate base, and drainage materials should conform to
the suggested materials specifications of this report.

6.6.6 Earth Retaining Structures

Site retaining walls and below grade structures can be designed to resist lateral earth
pressures according to the recommendations of this section. Buried cylindrical structures such
as drywells and wet wells associated with pump stations can be designed according to the
recommendations presented in Section 6.5.1.1 for the pump station design.

Retaining wall backfill material should be compacted to at least 90 percent relative
compaction, unless a higher degree of compaction is otherwise recommended, such as in
building or pavement areas. Our recommended equivalent fluid weights presented below are
for conditions where the backfill material is placed level 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 pounds per cubic foot (pcf). We recommend that the
following lateral earth pressures (equivalent fluid weights) be used for the design of retaining
walls:
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Static Lateral Earth Pressures

Wall Loading Lateral Earth Equivalent Fluid
Condition Pressure Condition Weight (pcf)
Free Standing Active - Drained 38
Active - Submerged 19 + water pressure
Braced At-rest - Drained 60
At-rest - Submerged 30 + water pressure

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 backfill conditions” to reduce the potential for water to accumulate within the backfill.
Drainage should consist of placing at least a 1-foot thick layer drainage material immediately
behind the wall. As an alternative, drainage material can consist of prefabricated geocomposite
drainage panels. Drainage and Geocomposite Drain materials should conform to the suggested
materials specifications of this report.

Surcharges. The recommended equivalent fluid weights do not account for surcharge
loads acting on the backfill. The surcharge from foundation loads can be neglected, provided
adjacent footings are setback behind a 1:1 line projected upward from the base of the wall. The
lateral earth 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 soil cover, equal to a uniform pressure of 72 pounds per square foot. Fugro should provide
additional recommendations if foundation loads act within the 1:1 line, or other surcharges to
retaining walls are anticipated.

6-31

Il



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

6.6.7 Dynamic Earth Pressures

Retaining walls (restrained and unrestrained) can be designed using pseudostatic
analyses based on the Mononobe Okabe approach (Whitman 1990, 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 Mononobe Okabe method and assuming a
horizontal ground acceleration 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 wall to tolerate deformation or
yielding during an earthquake. The lateral deformation of retaining structures 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 should also be checked for
overturning based on the recommended dynamic earth pressures presented for using
pseudostatic analysis.

The following table summarizes our estimated dynamic earth pressure in terms of an
equivalent fluid 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 following table, and corresponding to the estimated lateral
deflection. The dynamic earth pressures are the total dynamic lateral earth pressure estimated
for pseudostatic loading, and not the “seismic increment’ 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 lateral earth pressure on the wall will be significantly greater.

The estimated resulting force corresponding to the dynamic earth pressure (Pag)
resulting from seismic loads acting on braced walls can be estimated as Pae = Y2 x equivalent
fluid weight x H?, in pounds force per lineal foot of wall. The dynamic pressure on the wall can
be estimated as an inverted triangular 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 Lateral Earth Pressure

i

Wall Loading Lateral Earth Total Dynamic Earth Estimated
Condition Pressure Condition Pressure (pcf) Deflection (inches)
Free Standing Active — Drained 54 ¥
Constrained At-rest - Drained 54 V4
Non-Yielding At-rest — Drained 120 ‘0"
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E——
Dynamic Lateral Earth and Hydrodynamic Pressure with
Submerged Backfill without Liquefaction
Wall Loading Lateral Earth Total Dynamic Earth Combined Estimated
Condition Pressure Condition Pressure (pcf) Hydrodynamic and Deflection (inches)
Static earth Pressure
(pcf)
Free Standing Active 27 92 ¥’
Constrained At-rest 27 92 123
Non-Yielding At-rest 60 92 ‘o
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6.6.8 Segmental Masonry Unit (SMU) Retaining Walls

it is our understanding that segmental masonry 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. Design retaining wall heights range from
approximately 5 to 23 feet. The batter on the face of the retaining walls will be 1h:8v, which
equates to 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 soils beneath the retaining wall foundation should be prepared according to
the site preparation and grading recommendations of this report.

The SMU wall is likely to consist of a proprietary wall system 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 construction, 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 general conformance
with the recommendations provided in this report and assumptions made during our analyses.

6.6.8.1 Geosynthetic Reinforcement and Facing

Geosynthetic reinforcement and compacted fill should comply with the recommendations
for Geosynthetic Reinforcement and Retaining Wall Backfill, as summarized in the suggested
material 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 stability 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 reinforcements. The
contractor should provide a submittal prepared by the manufacturer that shows that the wall can
be unreinforced, or the shorter wall can be designed according to the typical detail 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 soil 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 should be
designed to support a uniform lateral earth pressure of 150 psf. The connection between the
masonry units and the geosynthetic reinforcement should have a pullout strength of at least
600 pounds per lineal foot of wall. The estimated lateral earth pressure and pullout strength
include a factor of safety of 1.5.

Where the masonry units will have voids or gaps, pea gravel can be used to fill the voids
and provide support for adjacent blocks. A filter fabric should be provided between the sandy
retaining wall backfill and the gravel and/or blocks 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 to at least 95 percent relative compaction. Further, the leveling pad shbuld
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 should be laid horizontally on a relatively flat surface,
without wrinkles, and oriented with the design strength of the reinforcement perpendicular to the
retaining wall face. Overlaps and splices of the geosynthetic reinforcement in the design
strength direction should not be permitted. If an overlap is required, 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 backfill material. Geosynthetic reinforcement should be
continuous throughout the wall length. 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
layer of reinforcement.

Retaining wall backfill between and behind the geosynthetic reinforcing should be placed
according to the recommendations provided in this report and should be compacted to at least
90 percent relative compaction. During spreading and compacting, at least 6 inches of soil,
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 manner that prevents the development of
wrinkles and/or movement of the geosynthetic reinforcement. Equipment or vehicles should not
be operated or driven directly on the geosynthetic reinforcement, unless specifically allowed by
the manufacturer and documented with supporting data. Compaction and fill placement near
the retaining wall face should be performed to limit the deformation of the face to less than plus
or minus 1 percent within each lift, vertically, and plus or minus 1 percent in 10 feet, horizontally.

6.6.8.3 Wall Drainage and Backfill

Backfill materials placed between the face of the SMU and the temporary construction
slope behind the wall should consist of retaining wall backfill material complying to the
recommendations of this report, and be compacted to at least 90 percent relative compaction,
unless a higher degree of compaction is otherwise recommended. Surface drainage shouid 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 geocomposite
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 Slope

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 inclined 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 slopes should be prepared
according to the site preparation and grading recommendations of this report.

6.6.9.1 Geosynthetic Reinforcement and Spacing

Based on the results of our siope stability analyses, the sedimentation basin slopes
should be reinforced with geosynthetic reinforcing to provide support for the 1.5h:1v slope. A
typical detail for the design of sedimentation basin slopes is presented on Plate 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 results 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 compacted fill used in the construction of the sedimentation basin slopes
should comply with the recommendations for geosynthetic reinforcement and retaining wall
backfill, as summarized in the suggested material specifications section of this report.

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

6.6.9.2 Slope Drainage and Backfill

Backfill materials placed between the face of the slope and the temporary construction
slope behind the reinforced slope should consist of retaining wall backfill material complying to
the recommendations of this report, and be compacted to at least 90 percent relative
compaction, unless 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 should be used per square foot of slope face. Drainage material and filter
fabric should comply with the recommendations provided in the suggested material
specifications of this report.
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6.6.9.3 Boulder Facing

A toe key at least 2 feet deep and 4 feet wide should be excavated at the toe of the
slope to 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 to provide a lateral resistance of at least of at least 600 pounds per foot of slope
length.

Boulder facing should be initiated from within the toe key at the base of the slope, and
placed progressing from the bottom to top of slope. The boulders should be placed and keyed
individually to provide relatively tight and interlocking support for each unit. The boulders should
be placed such that the slope and exposed geosynthetic reinforcing are completely covered.
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6.6.10 Basin Design

6.6.10.1 Slope Design

Sedimentation, detention, and percolation ponds are planned as part of the treatment
plant design. We understand from MVWH that the slopes for the storage ponds will likely be
unlined. We recommend that the basin slopes be designed at inclinations of 4h:1v or flatter.
Cut and fill slopes outside the basin areas should be designed no steeper than 2.5h:1v. |If
erosion control 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 slopes will likely be needed to repair erosion and assist in establishing
vegetation on the slopes.

Retaining walls to support portions of the basin slopes should be designed according to
the recommendations presented in Section 6.6.6 of this report.

6.6.10.2 Percolation

Percolation and double ring infiltrometer testing was performed for the design of the
percolation basin, as presented 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 infiltrate the ground
surface. MWH (2002) states that the basin is designed based on an assumed percolation rate
of 5 minutes per inch. The basin will be excavated to 1 to 10 feet below the existing ground
surface.

The soils encountered within the percolation basin area are generally loose to medium
dense fine dune sand. Percolation testing performed at the site and surrounding areas indicate
that the dune sand has a percolation rate typically less than 1 minute per inch. Double ring-
infiltrometer testing was performed at the Sea Pines golf course and Tri-W site to evaluate the
influence that an established turf has on percolation. Results 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 typically slower than
percolation tests performed at 5 feet below the existing ground surface, the results for tests
performed on and below the turf were similar.

A factor that appears to influence the percolation of the shallow test results is that the
near surface soils within the Los Osos area are hydrophobic. Water will typically runoff or
percolate slowly into the near surface hydrophobic soils. The hydrophobic soils are associated
with the topsoil development, and are not expected to significantly influence the percolation
basin. However, where the depth of the basin is shallower than 2 feet, we recommend that the
existing topsoil be stripped to a depth of at least 2 feet below the existing ground surface. Turf
and on-site sandy soil can then be placed to finish grades. An underdrain type system below
the playing fields would likely help to enhance percolation through the new turf.
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Silt, clay, or peat moss that may cause a barrier to percolation should not be used in the
design of the turf. Periodic maintenance to remove silt and storm deposited sediment, and to
aerate the turf, will improve percolation.
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6.6.11 Pavement Design

6.6.11.1 Subgrade Preparation

We understand that asphalt pavements 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 should be
compacted to at least 95 percent relative compaction. Embankment fill placed more than 3 feet
below finished grade should be compacted to at least 90 percent relative compaction.

We recommend that the subgrade materials be reviewed at the time of construction with
regard to the as-graded conditions. On the basis of our observations and tests, we can provide
additional pavement section recommendations at that time, if needed. Where lower R-value
material or wet soils 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 Pavements

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

6.6.11.3 Portland Cement Concrete Pavements

Where Portland 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 loading, we recommend that concrete pavements
subject to vehicle traffic be designed with a minimum thickness of 8 inches in truck traffic areas,
and at least 6 inches thick where the access will be limited to passenger cars and pick-up
trucks. Concrete pavements should be cast on a subgrade prepared in accordance with
Section 6.6.11.1, and should be underlain with at least 4 inches of aggregate base compacted
to at least 95 percent relative compaction.

6.6.12 Utility Trenches

Excavation of utility trenches can likely be accomplished with a backhoe. Trenches over
5 feet in depth should be braced or sloped 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 report. Placement of utility trench backfill should be
performed according to the recommendations of this report relating to minimum compaction
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recommendations. Where utility lines penetrate perimeter foundations or planter 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 should be stepped
down below the pipe such that the utility is fully surrounded by concrete. In general, backfill for
service lines extending inside of the project area should be compacted to at least 90 percent
relative compaction, or to 95 percent relative compaction in building and pavement areas.

6.6.13 Drainage Considerations

Site grading and drainage swales should be provided such that positive drainage away
from foundations and slabs is provided. Water should not be allowed to pond near the
structures, pavements or run over slopes. We recommend that roof gutters or drainage
systems be installed to collect roof water and to carry the water away from the foundations. In
planter areas, deepened curb edges or moisture retarders should be provided to reduce the
potential for irrigation water to infiltrate subgrade soils below slabs and pavements.

6.6.14 Erosion

The soils encountered at the site generally consist of fine sand that is very susceptible to
erosion. Erosion control measures, such as hydro-seeding, erosion control matting, and
maintenance, should be provided to reduce the potential for erosion while vegetation is being
established on slopes. On-going maintenance of the slopes should 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 outlets of drainage pipes and in
areas where there are concentrated flows of runoff to reduce the potential for erosion.

6.6.15 Groundwater Considerations

Groundwater was encountered near el. 50 feet during an October 2000 (CFS 2000a)
field exploration program, near the 1997 water levels shown on Plate 6b. Extrapolating between
explorations, the water level below the main plant site was encountered near elevation 60 to 65
feet, as shown on Plate 7a. Based on the potential for groundwater to rise near the finish
grades of the plant, we recommend that a layer of drainage material be provided below the floor
slabs of the various tanks and structures. At least 6 inches of permeable material conforming to
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
should be placed one way at no more than 10-foot on-center 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 outlet downslope of the plant, and in an area that will not be submerged. The piping for
the collection 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 (1981) guidelines suggest that infiltration rates for effluent disposal basins
should not exceed approximately 10 to 15 percent of the measured field infiltration rates. As a
basis for recommending suitable application rates for the design of the effluent system, we have
recommended allowable application rates for the design of percolation lines and drywells based
on 1/6 of the estimated infiltration rate of the soil estimated from the prototype percolation line
and drywell test results previously discussed in this report.

6.7.1 Percolation Lines

Percolation lines will be used to dispose of approximately 800,000 gallons per day of
treated effluent at the Broderson site. Percolation lines can be designed using methods and
protocols similar to those used to design and install leach lines for residential septage disposal
systems. Relatively well-drained dune sand deposits were encountered at the Broderson site.
Percolation testing and permeability testing performed for the Broderson site indicate that the
soils 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
ultimate infiltration rate of 180 gpd/ft® through the wetted surface area of the trench was
observed during the prototype testing. It is our opinion that the Broderson site is geotechnically
suitable for the proposed disposal of effluent using buried percolation lines.

6.7.1.1 Percolation Trench Design

We recommend that percolation lines be designed using an allowable application rate of
30 gpd/ft2. 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 lineal
feet or less. The bottom of the trenches should be excavated into relatively undisturbed dune
sand, and extend to at least 5 feet below the existing ground surface. The trenches should be
excavated to a width (W) of at least 3 feet, and provide for at least a 12-inch depth (D) of gravei
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 sidewall area below the pipe. The maximum allowable flow into
the trench can then be estimated as 30 gpd/ft? x (W x L + % B x D), with the trench dimensions
in feet. A 10-foot clear spacing should be provided between percolation line trenches.

Gravel for the percolation lines 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 water 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 installed at the Broderson site for this
project as discussed in Section 3.6.3.1 of this report. Various test trenches were also 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 3 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 long segments to avoid caving of the sidewalls. Essentially no caving or
sloughing of the sidewalls was observed during the construction of the test line.

The potential for caving in the dune sand will generally increase with depth, and length
of the trench. 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 potential for caving. Trench shields or jacked shoring with plywood sheeting can be
instailed to support the trench walls during the placement of the gravel and pipe.

6.7.2 Drywells

Drywells will be used to dispose of approximately 160,000 gallons per day per site of
treated effluent at each: the Pismo Site and the Santa Maria site. Drywells can be designed
using methods and protocols similar to those used to design and install drywells lines for
residential septage disposal systems. Relatively well-drained dune sand deposits were
encountered below 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
typically 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 to estimate the infiltration
capacity of the dune sand, as discussed in Section 3.6.4 of this report. An ultimate infiltration
rate of 500 gpd/it® through the wetted surface area of the drywell was observed during the
prototype testing. It is our opinion that the Pismo and Santa Maria sites are geotechnically
suitable for disposal of the treated using drywells.

6.7.2.1 Drywell Design

We recommend that drywells be designed using an allowable application rate of
80 gpd/ft>. A detail summarizing our recommendations for the design of drywells is shown on
Plate 13b. Drywells should be drilled into relatively undisturbed dune sand, and extend to at
least 25 feet below the existing ground surface. A vertical slotted pipe and gravel should be
placed 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 gravel prior to placing the concrete surface seal.

The drywells should have a diameter (B) of at least 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 between the bottom of the seal and the design water level in the drywell.
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The maximum allowable flow into the drywell can then be estimated as 80 gpd/ft® x 3.14 x B x
(D-5), with the drywell dimensions in feet.

Gravel for the drywells should be 3/8-inch Drain Rock complying with the suggested
material specifications of this report. The distribution pipe should 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 drywell installed at the Santa Maria site was previously
discussed in this report. The Santa Maria and Pismo Sites are generally underlain by medium
to very dense dune sand. The excavation for the prototype drywell was 4 feet in diameter and
was drilled to 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
explorations. We therefore recommend that the contractor be prepared to install temporary
casings to assist in the drywell excavation and gravel placement. The use of driling mud,
slurries, or other fluid stabilizers should not be permitted for use in drywell construction on this
project.

If caving occurs and temporary casings are used to support the borehole walls during
excavation, the casing should be withdrawn as the gravel is being placed. The gravel should be
placed through the casing as the casing is withdrawn from the excavation. The depth of the
gravel should be maintained at least 3 feet above the bottom of the the casing during the
casing’s removal.

6.7.3 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 lines and drywells, if
needed. Replacement could be needed if infiltration rates reduce during the long-term
operation, or components of the systems become clogged due to biological fowling.
Replacement systems should generally not overlap with existing systems. The expansion area
should provide for at least a 100 percent expansion in the disposal system. The expansion area
can provide for expansion of percolation lines, drywells, or a combination of both. The
expansion areas can be accommodated within existing, or separate, designated sites.

6.7.4 Hydrogeologic Considerations

Hydrogeologic evaluations and groundwater studies for the effluent disposal sites are
being 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 understand that monitoring wells have been and will be installed at the effluent
disposal sites to provide for post-construction monitoring of the systems relative to mounding,
the influence of perching layers within the subsurface, and that the design application rates are
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suitable for the site conditions. The results of the prototype testing should be reviewed relative
to the hydrogeologic evaluation of the site and mounding estimates. Perching of groundwater
below the test areas was observed at both the percolation line test site at Broderson and at the
drywell site on Santa Maria Avenue. The perching mainly was observed along boundaries of
soil units of differing relative density and age.

6.7.5 Operation and Post-Construction Monitoring

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

Observation of the effluent will allow for application rates to the percolation lines and
drywells to be further evaluated under actual, long-term operating conditions, and for
adjustments in the application rates during the operation of the system. Flows and water levels
within the trenches and drywells should be documented and logged as part of the operation of
the system.

6-45

|

|



Geotechnical Report for Los Osos Wastewater Project
March 9, 2004 (Montgomery Watson Harza)

7. CONTINUATION OF SERVICES

The geotechnical evaluation consists of an ongoing process involving the planning,
design, and construction phases of the project. To provide this continued service, we
recommend that the geotechnical engineer be provided the opportunity 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 construction to evaluate if the subsurface conditions encountered
and construction methods are consistent with those assumed for design. The geotechnical
professional should also review the project plans and specifications prior to construction. The
purpose of the review is to evaluate if the plans and specifications were prepared in general
accordance with the recommendations of this report.
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