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Our History

Delve Underground,
originally Jacobs Associates,
was founded by Don Jacobs
in 1954,

The firm began as
“contractor’s engineer” on
heavy civil underground
projects.

It expanded into design &
consulting for owners as
market changed.
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Snowy Mountains Hydro Scheme, Australia | First project for Delve Underground
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Office Locations
350 personnel globally in 25 offices
@ VANCOUVER
@ SEATTLE
@ PORTLAND
@ BEND
BOSTON
NEW YORK
MILWAUKEE @ = ROSELAND(’
@ BRISBANE CHIY ®  @®pirrssuReH
O e comBus @ o6 @
WALNUT CREEK
@ SYDNEY
o PVINE
AUCKLAND @ SANDIEGO
@

@ MELBOURNE

DALLAS



Overview of Services
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Tunnels &
Underground
Engineering

Trenchless
Engineering

Tunnel Inspection
& Rehabilitation

Engineering Consulting
Geotechnical Engineering
Structural Engineering

Soil Structure
Interaction Modeling

Pipeline Engineering

Design Technology/
Digital Engineering

Civil & Architectural
Design

Sustainable Design &
Construction

Risk Assessment &
Mitigation
Geotechnical
Instrumentation

Advisory
Consulting

Construction
Management

Construction
Claims Services



Important geotechnial aspects for
pipeline and trenchless design:

 Geohazards

* Data collection

* Design requirements

* Construction issues

» Geotechnical Instrumentation/Monitoring
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Publicly-Available resources

The Desktop Study and Field Reconnaissance

Review historical topographic & geologic maps
Review historical air photos

Review groundwater information
Groundwater depth
Hazardous material concerns?

Other “local” resources
Historical creek maps
Reference borings

Field Reconnaissance
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Published Maps

Historical Topographic Maps and Air Photos
Marsh land

o Drainageways

o Railroad

Pz o

LR USGS 30-minute Quaciréngle for Petaluma

o Roadways

o Site developments

\ USDA (Flight Date: July 08, 1982) USGS/DOQQ (Acquisition Date: July 10, 1993)



DELVE

underground

Published Maps

LEGEND:
== - Project alignment

G e O I Og i C IVI a p a n d G e O h a Za rd IVI a pS i::i;:e:::ts-Alluvial gravel, sand and clay, includes all alluvial fan gravel near foothills.

Orinda Formation (Late Miocene) - Nonmarine, distinctly to indistinctly bedded, gray to greenish
gray pebble to boulder conglomerate sandstone, siltstone and claystone; includes basaltic
volcanics in some areas.

[[®m] Moraga Basalt (Late Miocene) - Black, fine grained, massive, locally vesicular.

30
>~ Strike and dip of bedding mapped by cited reference. 0 850' 1700
-I—*- Fold Axis (Anticline and Syncline as labeled)

Map and descriptons modified from Dibblee and Minch (2005)

LEGEND:

- Project alignment

Landslide deposit and direction of movement (queried or dashed where uncertain), and "X" where ancient or indistinct. Debris composed of fresh
and weathered rock fragment, sediment, colluvial material and artificial fill.

Qal Alluvial Deposit - Imegularly stratified, poorly consolidated deposits of mud, silt, sand, gravel, cobble, and boulder deposited in stream and river
beds and on adjoining flood plains.

Qc Colluvial and/or Alluvial Fan Deposits - unstratified or poorly stratified, unconsolidated to poorly consolidated deposits composed of fresh and
weathered rock fragments, soil, sediment, or irregular mixtures of these materials, that accumulate near the foot of a slope or cliff by slow
downslope movement of surficial material predominantly by the action of gravity, but assisted by running water that is not concentrated into
channels.

Qaf Artifical Fill - Loose to very well consolidated gravel, sand silt, clay, rock fragments, organic matter and debris.

*Interpreted from historic arial photography between 1928 and 1991 and plotted on a 9 March 1991 photograph using
National Geodetic Vertical Datum of 1929.
Maps and descriptions modified from Nilsen 1975 (Map A) and Rogers/Pacific 1991 (Map B)




Typical geohazards

Fault Rupture
Landslide

Expansive Soil

Liquefaction/Lateral Spreading

Settlement/Subsidence
High Groundwater

Flood/Tsunami/SLR

474

12%
probability of one or more |
M=6.7 earthquakes
from 2014 to 2043 in the
San Francisco Bay Region

Faults
1 Wight Way
2 Coltayami \
3 Mysterious Ridge
4 Bennett Valley
5 West Napa
6 Trout Creek
1 Point Reyes
8 Gordon Valiay
9 Midiand
10 Franklin
11 Southamgton
12 Los Medanos-Roe Island
13 Pittshurg-Kirby Hills
14 Clayton
15 Mt Diablo North
16 Mt Diabio South
17 Pilarcitos
18 Las Positas
19 Orestimba
20 Monta Vista-Shannon
21 Silvar Creek
22 Ortigalita North
23 Ortigalita South
24 Sargent
25 Zayante-Vergeles : :
26 San Joaquin OCEAN
21 Relz
28 (uien Sabe
29 Monteray Bay-Tularcitos
30 Mission
31 B\IQEFID & 19 IDMEES
32 Dunnigan Hills 3 10 OKKOMETERS

PACLFIC
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Geohazards

Landslides and Expansion Potential

Weathering

Swelling

Function of mineralogy, surface water, pore water
chemistry, biologic activity (bacteria)

Loss of strength
Increased water content leads to loss of strength

Slope stability
Loss of strength upon exposure to water

Shrink / Swell (expansivity) potential

Explosive gasses in carbonaceous rock
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Geohazards
Landslides, Adverse Geology, and Expansion Potential

Expansive claystones/shales with sandstones
Differential movement of
ground surface (and
foundations): above
claystone get shrink and
swell with seasonal water
but sandstones do not
) move.

curb/ gutter

l

/
OWERHOUSE 2
GE ICHAMBER

2n. (5.1cm) A.C. on 4in. (10.2 cm) bass course

separation

9/ / / /

: ! : /
7\‘0%»4 CANYON TO
/ POWERHOUSE NO.2
/

cut pad

— claystone === LYPICOI 1211.(37m): SCHEMATIC BLOCK DIAGRAM OF EAST ABUTMENT CONDITIONS OF
eep piers.: :
p_piors 5 ST. FRANCIS DAM BETWEEN BLOCKS 2/3/4 AND 5, WHERE EAST
ABUTMENT FAILURE INITIATED
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Geohazards

Liguefaction

Groundwater and Holocene deposits in the upper 50 feet |___.| Rl 1/

Loose, coarser sands or poorly graded (“clean”) sands.
Fines content < 10+/-%

Also, in gravels and silts, but less common

WHAT IS LIQUEFACTION

LIQUEFACTION

BEFORE DURING

Copyright © 2005 Pearson Prentice Hall, Inc.
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Geohazards

Lateral Spreading

Free-face sites: riverbank, streambank, etc

Gently sloping sites

Before earthquake:

Liquefiable sediment

INITIAL SECTION

After earthquake:

DEFORMED SECTION
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Field Reconnaissance

Non-Invasive

Bedrock outcrops

AR

C re e k b e d Photo 2 - Native exposures of seepage on moderately hard to hard bedrock (A)and  photo 1 - Native exposures of hard to very hard volcanic bedrock (A) and geologist pick
geologist pick for scale (B). for scale (B).

Photo 5 - Westward view along Laurel Street of the potential trenchiess installation "3 of the Photo 6 - Close-up view of elements visible in Photo 5, including Sonoma Creek (A), and
culverted Bay Creek (A; approximated in yellow). Light-colored and relatively sedimentary soft JJ outcrops of Glen Ellen Formation? (B, C, and D) underlying stream terrace and channel
bedrock (Purisima Formation; B) is exposed in roadcuts upslope and downslope of the deposits of hard volcanic gravel, cobble and boulder in the creek bank (E) and on the creek
crossing. F). Col



Field Investigation Planning

Type of field investigation

Number and location of borings

one boring or CPT every 1,000 feet for Open Cut
one boring or CPT at each trenchless shaft locations

one boring or CPT in the middle of trenchless segment, if possible.
Sampling depth
Permits

Existing Utilities (Private Utility Locator)



Rod to Cap
Solid Stem v O
- Auger Connector
Auger \
. Hollow Stem
Auger Section

\

Hollow
Stem Auger

(b)

Cutting teeth




Soil Borings

Rotary Wash

g

Tower Mast
Swivel Hose

Standpipe

Drive Rod
_~Standpipe Hose

L~ Mud

Base Plate

Hydraulic
Cylinders

Drill Collar

Suclion Main
Hose Maud Pit

Yoke and Kelly Drive

mPOv:ﬂow'

Setling~ |
Pt |

Return-flow Ditch

See Views
Above

Bit, Replaced by Sampling Spoon

During Sampling Operations
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Sampler Head

/.
— Ball Valve

[ ] é-—Screw

™ Thin-Walled
I Tube

|f Cunting End

Figure 3-10. Schematic of
Thin-Walled Shelby Tube

(After ASTM D 4700).

bl

- Drilling Fluid Return

Drill Red

- Vent for Drilling Fluid

from Sampling Tube

Sliding Valve (Closed)

to Annular Space

Coring Bit Leads
Thin-wall Tube

Thin~woll Tube Leads
Quier Barrel Coring Bit

Drilling Fluid Diverteg——

el

BRRS
=N

N
b
\

2 l »
L) b
= /ﬁ
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Soil Borings

Rock Coring

February 7, 2024



ASTM D2488-17e1® DELVE

Soil Borings Standard Practice for Description and Identification of
Soils (Visual-Manual Procedures)

Logging on Site
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Sonic Coring

o Continuous Sampling

— Subsurface stratigraphy

20
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Cone Penetrometer Testing (CPT)

Tip resistance, Sleeve Friction, Pore Pressure

Soil Behavior Type

Piezo Install (Push-in Piezo)

Limited Soil/Water Sampling

Slug Testing
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Geophysical

SEISMIC P-WAVE VELOCITY (FT/SEC)

Seismic Refraction Survey T

{f\- NW LINE SR-1 SE
L\ Seismic energy 0]
Geophone cable source (hammer) ]
£
— 3
L) w o = il
2 |
- — I i 3400
Diwect waves .
.
Soil 1
" k| i W 1 5 v - ' ek b | | - i 3 q’ t H
1 5 2. 1 1 1 Lt 1 1 | S — | B e m— LI B S B S B S S S S B H H S LU S R e S B B B B S S S S S SR R B S S S B S B Sy B S S S B [ S S B B S S B e B S S R e p
I I]'E_[_L_J__l-ll ]II]I L ||! 11111|_L'.] i 0 10 20 30 40 50 60 70 80 20 100 110 120
| [ = jl—'t-ll_JIIT"‘L'r'I_T"L“[_LTI T ILll'II_] i_l__lr] - Bedrock STATION (FT)
- LINE SR-2 -
3510 3510
1awie A: Seismic P-Wave Velocity and General Rippability in Granitic Rock ] i
Equipment Rippable Marginal Non-Rippable E | I
= - -
Model | Velocity (ftisec) | Velocity (ft/sec) | Velocity (ft/sec) ™ g
D8R <5,800 5,800 to 6,800 >6,800 g I
D9R <6,700 6,700 to 8,000 >8,000 - i
D10R <7,300 7,300 to 8,500 >8,500 | i
D1 1R <8’200 8’200 to 9’600 >9’600 0 T T T T ‘|D T T T T 2|D T T T T 3|D T T T T 4'0 T T T T 5|D T T T T 6|0 T T T T 7|D T T T T B|D T T T T 9]0 T T T T ‘w

Caterpillar, Edition 48, June 2018
22
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Test Pits

Test pit excavations for existing fill characterization,
soil characterization, landslide and fault exploration,
bedrock depth and environmental

With larger excavations into bedrock, you can
characterize bedding and discontinuity data better

For hillside projects, geologic hazards such as
adverse bedding can be important for understanding
slope stability

Identifying and characterizing existing fill deposits is
an important tool for a geologist working in geotech.
Look for indicators of artificial fill such as buried
grass line, construction debris, layering indicative of
recent placement, soil properties that do not match
the underlying soils.
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Laboratory Testing

Particle Size Distribution

100§ |

80 =)
P
<
T CLAY
= b -
o 60
w
-
= LOAM
Z aof- SAND, -
3] POORLY GRADED
w SAND,
o WELL GRADED

20 }— —

0 |
1 10 100 1000

PARTICLE DIAMETER (um)



Laboratory Testing

Atterberg Limits

60

1 i i i
LI I | T T T T 1T 17 T T 70

L B n
= = =
| 1 ]

Plasticity Index (PI)

P
=
|

10

T T 171 LI L rT 1T 1T T T 11 LI

L

Plasticity Chart

“A” Line; Pl = 0.73 (LL-20); LL = 25.5

“U” Line; Pl =0.9 (LL-8); LL> 16

CL = Low-plastic clay

ML = Low-plastic silt

OL = Low-plastic organic soil

CL-ML = Dual classification

CH = High-plastic clay

MH = High-plastic silt

OH = High-plastic

organic soil

LL and PL are
expressed
in %

Pl also is
in %

. x?’:’:EEF;:ﬂ]},,HL 7 ML or OL

MH or OH

| T T TN T TN Y TN N[N TN N N N S N N |
! T T T

10 20 30 40 50

60

NN N R N N NN T | I T N T T N
T T T T

70 80 90 100

Liquid Limit (LL)

110
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Laboratory Testing

Strength and Other Tests

Unconfined Compressive Strength Consolidation
Direct Shear Permeability
Triaxial Compression Shrink/Swell

Moisture and Density R-value
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Open Cut Method

Excavatability and ground behavior

Cal-OSHA soil classification s S TECIon

Simple Slope Excavations Simple Slope Excavations W
Safe temporary slopes 20w W i Z

Shoring guidelines

Vertical A Upright Sheeting

Desigh groundwater N 1§

ooooo

Dewatering

......

=T 1
==
!%ﬁ.-'iﬁﬂﬁ%‘u. e

Strut

Trench backfill

=T
il
kfill [ '
B a c I co m p a Ct I O n Vertical Aluminum Hydraulic Shoring Vertical Aluminum Hydraulic Shoring Aluminum Hydraulic Shoring Waler System
(Spot Bracing) (With Plywood) (Typical)
27

Settlement Knife Edge ¢
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Soil Compaction and Testing Equipment
Sand Cone

3 R RSN Sheten - DS /MWW, TOFOONS GOMBIES
https:/Iresearch.engineering.ucdavis.edu/gpa/compaction/highw ‘
ay-off-ramp/ '

Boulanger

HANDLE W/} R SE MECHANISM

d

& DEPTH ROD

SOURCE ROD =3 KEY PAD
"4
GEIGER
MUELLER
TUBES
BIOSHIELD ——

TUNGSTEN 7 'HELIUM 3 TURE
SLIDING BLOCK AM - 241 SOURCE

SOURCE ROD —
(NI — C5 - 137 SOURCE


http://www.sakaiamerica.com/products/sv414t/
http://www.forconstructionpros.com/rental/a
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Compaction Problems:
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Compaction Problems:
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Trenchless Method

Environmentally Sensitive Areas R e
Creek, stream, river, etc : “ A PTGBS" VC opENCUT

Vertical cut bank
and daylight pipe
from PTGB

Difficult Topography
Deep Trench (> 25 feet)
Steep Slope

Cas
day
on

g

-
?\ S
< @@ - : yo
- =
3 5 =
® g, Z
’ B s

pipe bridge piers

Existing Infrastructure
Roadway, highway, railroad

Utility Conflicts
Existing aqueduct
Large culverts

Community Constraint
School, park, etc.

31
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Type of Trenchless Method

New Installations Rehabilitation
Utility Tunneling Cured-in-Place Pipe (CIPP)
Pipe Ramming Sliplining
Pipe Jacking Spray-in-Place Pipe (SIPP)
Auger Boring Pipe Bursting

Pilot Tube Guided Boring
Horizontal Directional Drilling

- Ha ;‘:‘:.uf’ l .
26A Lost Valley Dr.
o drivewa

Direct Pipe
Microtunneling

32
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Trenchless Method Selection Criteria

e o Jack and Hori tal
G roun d con d It on Soi o bore Microtunneling orzantd Pipe
oil Conditions Directional .
(Auger - Jacking
. Drilling
Boring)
141 Soft to very soft clays, silts, and organic i i ‘
Groundwater condition oy es Yes es M
Medium to very stiff clays and silts Yes Yes Yes Yes
D o I t h Hard clays and highly weathered shales Yes Yes Yes Yes
ri ve e n g Very loose to loosiasl,;téds above the water M Yes Yes M
D . t Medium to dense tsazlljnlgs below the water No Yes Yes No
Ia m e e r Medium to dense sands above the water v
es Yes Yes Yes

table

G 1 and cobbl ith a diameter |
Depth (HDD only) T Y v v e

Soils with significant cobbles, boulders,
and obstructions with a diameter more M M M M

Type Of pipe than 4 to 6 in

Weathered rocks, marls, chalks, and

; Yes Yes Yes M
firmly cemented soils
Slightly weathered to un weathered rock Yes M M No
COSt Yes=generally used; M=possible but difficulties may occur, No= generally unsuitable.

Availability of Equipment and Team

33



Trenchless shafts and portals

Shaft selection criteria
Ground condition
Groundwater condition

Depth

S ilabilit
pace availability %

Cost L

Stabilize soil behind
portal openings

Dewatering
Pre-grouting

AN NN NN



Geotechnical Baseline Report

When and why we need GBR?

Underground construction
Limited investigations
Variable subsurface conditions

Difficulty to price uncertainty without making assumptions

To minimize disputes and control costs

1974 USNCTT Report, “Better Contracting for Underground Construction”

“...if all bidders can base their estimates on a well defined set of site conditions with
assurance that equitable reimbursement will be made with changed conditions are
encountered, the owner will receive the lowest reasonable bids with a minimum of

contingency for unknowns.”
35
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Geotechnical Baseline Report

What is GBR?

Contract Document
Contractual assumptions (not always geotechnical fact)

Define and allocate risk between the Owner and Contractor

Conditions consistent with or less adverse than baseline allocated to the Contractor
Conditions more adverse allocated to the Owner

Will affect cost of the project
Order of precedence

Baseline is not a warranty
That the indicated conditions will, in fact, be encountered

Additional compensation will be paid if conditions more adverse than the baseline are
encountered
36
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Geotechnical Baseline Report

Three Categories of Information

Facts
Data from research and geotechnical investigations

Interpretations

Developed from evaluations of the data

Judgements

Informed opinions based on the data, interpretations, and professional experience

37
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Geotechnical Baseline Report

Cost Ramifications of Baselines

Baselines can be set to more adverse conditions:

Increase bid price
Allocates more risk to the Contractor
Possibly costs Owner more, but less risk of cost increases during construction

Should be justified based on the data

Baselines set closer to the best estimate of conditions:

Decrease bid price

Allocate more risk to the owner

Potentially lower bid prices

Greater risk of change orders or DSC claims

38



DELVE

underground

Geotechnical Baseline Report

Where to set the baselines

ASCE, GBR Suggested Guidelines

The baselines should be realistic, clear, fair to both parties, and consistent with the
information contained in the GDR.

“Although there may be a range of reasonable baseline values, the emphasis should
be on selecting baselines that the owner feels will genuinely be encountered during

construction. Where the baselines are set determines the respective levels of risk
allocated to the owner and contractor.”



Y
Site
Investigations,
lak
testing
program,
and
Referance
Design

e S

Geotechnical Baseline Report

Risk analyses and funding buckets

Cluantitative Risk Canditions
- summarized in
Analysis of likely GER

_— e

ﬂ (Obstructions, contamination)

- Medium
Set baseline probability

limits for costhy high cost

teme E—

Low prabability
Quantitative high cost
Risk Analysis of
oot —

Figure 1-1. Risk analyses and funding buckets.

All part of the budget

Contract
Armount

Frowisional
Sums

[}
Contingency
Fund

“Kmown knowns"

{in the Bid)

"Known unknowns”

Fay only if quantites
are exceeded

"Unknown unknowns”
discovered during
construction
Pay anly if quantities
are pxcesded
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I”

instruments are there?

What kind of “geotechnica

Piezometers (water)
Settlement monitors

Vibration monitors (construction vibrations)

41
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We can measure anything...

(Radar speed trap in a 24-in dia SS + water sampler)
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EBMUD/UC Berkeley — Claremont Ave Pipeline

State-of-the art fiber optic sensing

EBMUD
Water Pipelines
(Claremont Ave)

36” Pipe

22” Pipe

~



Questions?

DELVE

delveunderground.com
underground
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