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Tunnels for Stormwater Conveyance & Flood Control



Tunnels
Underground horizontal excavation
Excavated from a shaft, trench or portal

Size (< 1 foot to 65 feet diameter)

Water conveyance, mines, transportation, transit, utilities, and pedestrian




Why Tunnels

= Store & convey large volumes of stormwater
= Reduced construction related impacts
= Minimize real estate acquisitions

“ Long-term and sustainable asset




Large Tunnel Projects

Conceptual Planning

Land Acquisition

Program Controls and Reporting
Permitting

Engineering

Initial technical investigations

Delivery method analysis and
selection

Construction Procurement

Project Administration

Flexibility in reacting to external impacts
Quality Control/Quality Assurance
Commissioning and Closeout

Secure financing and manage budget
Interagency Coordination

Construction Management and Support



Overview of Tunneling




Bored Tunnels
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Soft Ground Mixed Face Fractured Rock Competent Rock



Bored Tunnels

Hard Rock TBM

Cutterhead Roof Shield

Main Beam

Propel Cylinder

Gripper Shoe

Disc Cutter

Low permeability and good quality hard rock
Relatively inexpensive

Very efficient construction

Cast-in-place lining

Limited flexibility



Bored Tunnels

Soft Ground TBMs
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Bored Tunnels

Bulkhead

Cutterhead . Installed
ee / Shield Thrust Cylinder  # segment
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Excavation Screw Gripper Belt

Chamber Conveyor Shoe Conveyor

= Series of trailing gear modules
= 300 ft to 400 ft behind the shield




Bored Tunnels

Sequence
Excavate launching/receiving shafts
Assemble and Launch TBM in launching shaft
Excavate tunnel / erect lining
Retrieve TBM from receiving shaft
Repurpose or backfill shafts

Limits on alignment curvatures

Cost effective for tunnels longer than 1 mile
Fast construction

Limited flexibility



Bored Tunnels

Mined Tunnels

Often Used in combination with Bored
Tunnels (adits and connections)

Very flexible

Cost effective for tunnel shorter than 1
mile

Multiple headings to increase productivity
Each heading requires a full crew

Fast mobilization




Subsurface Investigation

Phased Investigations Often Work the Best

Project focused exploration/testing PrOgram '
Phase 1: Conceptual Stage :

Desk study plus project specific field and lab investigation
Alignment and profile; Shaft locations

Method of construction

Geophysical Methods

Typical boring spacing 500 ft — 1000 ft

Phase 2: Preliminary Design
Boring spacing 100 ft — 300 ft
Ensure adequate coverage at shaft locations
Develop a more refined subsurface profile
Design development and manage project geotechnical risks

Phase 3: Final Design
Conducts select additional investigations
Prepare documents that convey the tunneling conditions fairly
to all knowledgeable bidders (fill in the data gaps)




Contracting for Underground Construct

Geotechnical Data Report (GDR)
= Presents all subsurface data
= Just the facts

Geotechnical Baseline Report (GBR)
= “Levels the playing field” for bids

* Interpretation of the conditions

= Baseline for change condition claims

Differing Site Conditions (DSC)

= Clause needs to be added to contract documents.

.




Tunnel Lining

Purpose
Initial / Final

One-Pass / Two-Pass

Dependent on tunneling method and tunnel use



Segment

Tunnel Lining | - Load considerations
| g »  Ground

V&
»  Groundwater
Precast Segmental »~ Seismic
» Interior
Longitudinal . .
oo » Installation
ag Suckey » Jacking
= - » Grouting
(or Circle) Joint » Deformation
Stacking and handling

v

»  Transportation




Tunnel Lining
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= Project specific

= ACI

= AASHTO

* AREMA

= Waterproofing .
= Other D
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Tunnel Lining

= Reinforcement

= Unreinforced
= Deformed bar/wire mesh

= Fiber Reinforced




Working Shafts & Drop Shafts
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Vortex Drop Shaft

= Anacostia River Tunnel Project
= Launch shaft
Final large-scale vortex drop shaft



Baffle Drop Shaft

= Stormwater cascades down baffle
= |nto deaeration chamber / Adit
* Feeds into the main tunnel




CEMETERY BROOK DRAIN TUNNEL PROJECT

Alternative evaluation e Preliminary engineering

Open-cut e Tunnel ® Trenchless technologies

12,000-ft ® 12-ft ID

Soft ground e Mixed face ® Rock

Environmental assessment ® Permitting ® Traffic management

Hydraulics engineering ® Ground investigation ® Community outreach

Structural engineering ® Traffic management

CITY OF MANCHESTER
MANCHESTER, NH




Cemetery Brook Drain Tunnel Discussion

Program Background & Importance
Alternatives

Design and Construction Considerations
Hydraulic Modelling

Project Status



Program Background &

Importance




Program Background & Importance

= City of Manchester committed to solving CSO Issues

= 1995 LTCP agreement US EPA/NHDES/City

* Phase | Combined Sewer Overflow (CSO) Abatement Program
= 2010 LTCP updated

“ Phase Il Combined Sewer Overflow (CSO) Program

27




P_rogram Background & Importance
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= Wastewater Treat

s T

ment Ian improvements
= System optimization

" Brook removal

= Sewer separation
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Location
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rogram Components

] Contract 7 (~46 acres)
Morth Chestnut SL/EIm St. South
(Separation U'S of Fire Station)

| Contract 13
48-inch to 60-inch Drain
Contract 8 {~36 acres) ~15 ft deep
Marth Chestnut SL/EIm St. South ~3.500 ft

(Elm 5t to Fire Station)

iyl

Contract 5
BWx5HoiWxTH
lbox culvert

—20 1 deep

~4.300 ft

Real-time control of
Cemetery Brook CS0O Basin
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Project Goals and Objectives

Brook removal

Sewer separation
System capacity

Street flooding
CSO discharge

i
l.




Alternatives




Open Cut Al

ternative Al

ignment

Cemetery Brook Drain
Inlet Structure

B
-

Sewer Separation Areas
0 contracta || Contract 11
[ contract 9 ] Contract 12
[ contract 10 [T contract 13

1

0 250 500
) Feet

Outfall Area - Opan Cut
Open Cut Segments
Existing Drains

Segment Transition Point

City of Manchester

Cemetery Brook CSO Preliminary Design
Evaluation Matrix: Open- Cut Alternative Al
12/2/2020







Alignment — Rail Trail Corridor




Alignment — Massabesic Avenue & Elliot Hospital
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‘Sewer Sparatin Areas

Contract8 [ | Contract 11
Contract9 [ ] Contract 12




Design and Construction

Considerations
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TBM Launching and Main Construction Staging Area

72" SEWER

EAST INTERCEPTOR NORTH
PARCEL USED FOR

TUNNEL LAUNCH

QUEEN CITY AVE BRIDGE AND STAGING AREA

ACCESSIBLE FROM
HIGHWAY VIA
EXIT 4 SECOND STREET

ELLIOT
HOSPITAL

SEE PANORAMIC PHOTO
FROM MORTH GATE IN

Outlet Aces - Open Cut
Tunnel Segments City of Manchester

N

Tunnal Shal Cemetery Brook Drain Concept Feasiblity Study
Concept St Road: _f

rr-mc:m:ms:u Figure 22 - Aerial View of Launch Area
Extsing Draing June 2021

Rnilmat

Figure 2: Conceptual Layout at Tunnel Staging Area



Ing Area
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TUNNEL, SHAFTS AND OUTFALL STRUCTURE
PLAN, PROFILE, & GEOMETRICS
STA 92+25 THROUGH STA 107450

(LOCATION TO BE FIELD VERIFIED)
\

ntercept



A
4
N
J
. . L P M GO P,
o | vl ot \ F v o g'_,'}’*,‘“ v munmmwﬁwwm'fm
| ! [ Ik B OUT. S8 SR
= ¥ = & FORSTRUCTURAL SHEETS, SEE BSERES
¥ - oom e
adl | / AL L
o | g 4 [ — 0
: PetiomD tor o moaco: ) mnwm ___l—'—’!"—  I—
P : \ ¥ e =0
‘ \ - .
- 2T B CBO TUSEL byl -
T Eaavanon L
= / on: Vvt e =
=Te
g -
O S
b > TUASEL EXTHACES F =
- i
20 \ % =
&=

m | USE—— ™

= 0

m w

ST T

=™ ™

18 ™

S ey ) mem 53 ) T e =3 ) Tibem =] e e

Ty ~ e |
i % PV ASE | CS0 ABATEMENT PROGRAN TFUNNEL, SHAPTS AND GUTTALL STRUGTURE: [t i
e — 1L PLAN, PROFILE, & GEOMETRICS =
44 | mmme CEMETERY BROOK DRAIN TUNNEL PROJECT STA 107+50 THROUGH STA 120+00 T-09

T gy — e e | M

0% SUBIMITTAL - WOT FOR CONS TRUCTION



Construction Sequencing

INSTALL BULKHEAD BLOCK AT THE END
OF EXCAVATED ADIT TO ALLOW TBM TO
MINE TRHOUGH

RAISE BORE OR BLIND DRILL VENT
SHAFT

1
2

INSTALL SUPPORT OF EXCAVATION
EXCAVATE SOIL TO EXPOSE ROCK

INSTALL FINAL LINING N SHAFTS AND
DEAERATION CHAMBER

GROUT BACKFILL ANNULAR SPACE N
SHAFTS

1

\
HJ

DRILL AND BLAST SHAFT FOR VORTEX
DROP SHAFT AND VORTEX APPROACH

1
2

CONSTRUCT TUNNEL
MINE THROUGH BULKHEAD BLOCK

LINING

pescihuatrad SEQUENCE STAGE 6
2 INSTALL INITIAL LINING
- -
. — awmy
RS ﬂ]’ ] 'imfl'i ~ -
" i -
- | =
1 EXCAVATE DEAERATION CHAMBER AND - - 1 INTERNALLY BRACE TUNNEL LINING
INSTALL INTUAL LINING 2 PENETRATE TUNNEL LINING
SEQUENCE STAGE 2 2 EXCAVATE ADIT AND INSTALL INITIAL SEQUENCE STAGE 7 1 TE
_— N

PENETRATE BULKHEAD BLOCK
INSTALL CHP° CONCRETE LINBNG AT
BULKHEAD BLOCK AND ADIT

45



Ground Investigation Program (GIP) Overview

“ Field Activities = Laboratory Testing T ——
= Soil Boring = Soil = == o=
= Rock Coring = Index Testing = = '
= Packer Tests * Rock TR
= Geophysical Survey = Uniaxial Compressive Streng!g MMMMM

= ATV/OTV Televiewer Logging " Tensile Strength
= Seismic Refraction * Point Load | =
= CERCHAR :
- Drillability Index e

= Petrographic Analysis



Geotechnical Investigation (GIP) Program Overview

= Seismic refraction preceded borings
= 88 borings
= 50/80-ft deep
= 24 Monitoring Wells
= Packer tests
" Geophysical Survey
= 11000-ft

* @GIP Phase 2

[ 3 Py LS i & | 3 1 b % - o I+ 3
) i e e = Sy B 2 -~
A 1 T | 4 : | e i >
1 B B T 7
¥ || o e SR | r—
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GIP Findings e

= Subsurface strata
= Fill
= Glaciofluvial deposits

= Glaciolacustrine deposits
[ | G I a C i a I ti I I a a+00 9400 10400 11400 12400 13400 14400 15400 16400 17400 18

o N GEOLOGIC LEGEND

[ ] ToPsOLASPHALT

T e ama
A:E :l -
: - 225

f [ | GLACIOFLUVIAL DEPOSITS (SHALLOW)
‘_-_-_-_-_-—T_-_ 1 GLACIDFLUVIAL

GLACIOLACUSTRINE DEPOSITS

= Bedrock

= Groundwater varies — 6 ft to 20+ ft bgs —jepipuiy

- GLACIAL TILL DEPOSITS

WEATHERED BEDROCK

m
s
" g [IFIF BEDROCK (MASSABESIC GNEISS COMPLEX)

g

IE £ BORING LEGEND

I | 150 & N
= Bedrock: 10-ft to 110 ft bgs E 5 s
* ~ EL2252 APPROXIMATE GROUND SURFACE ELEVATION

J_ 90N OFFSET BETWEEN BORING AND BASELINE OF

i T SUBSURFACE PROFILE
E = 125 |
i ; MAJOR STRATUM BOUNDARY BETWEEN DIFFERENT SOIL
Y WATER LEVEL
P GEOLOGICAL DESCRIPTION
T T T T 120 = BOTTOM OF EXPLORATION
32400 33400 34400 35400 36400



Laboratory Test Results - Rock T s —

. th by ASTM D3967
sml Laboratory Test results Summary Sheet
Client: Gy of Manchester Project Number: 185243837
Projoct Name:  Cematery Erook C50 Prefimnary Design Task: Tased GF
° Project Location:  Manchester, NH Hssigned By: M. Khwajs
e I l S I e t re I l t Diate Testnd: Tested by: MP
Date Roviewsd: 8270000 Raviewnd By: AS

Fallure  Splitting Tenslle  Failure

524 psi > 1,836 psi e
UCS/Elastic Modulus

UCS: 1,000 psi = 32,000 psi; Average 13.6 ksi

EM: 1,485 ksi = 9,687 ksi T
CERCHAR (Abrasiveness)

Very = Extreme

The teporte

| 8 the avermge of Bens messuremants,
Fallurn Typa

Fastare

ty Fasdumn

tact Matnriat and Discoobmty Faikre

: Mo visite falun planes. Sampie compreased int foliatians

Point Load Test (Correlated UCS) =

Brittleness Value Abrasion Value Steel

Flnkilpjcss. Compaction Index De?sltr\. Slc:-;r: :;\u:]luc, AurdsE?rl"\ ;fa\uc. Cutters,

(%) talem’y : ’ {ma)

. .
2,900 ksi > 23,300 ksi wr | | [ [ e | e [ e
Low Madium Low Vary High
Calculated Indices:
Drilling Rate Index Bit Wear Index Cutter Life Index
Assessed value 44 3z B3
Classification 1
Category Medium Medium Medium




Rock Quality

* High Rock Quality Designation (RQD) =
“ Low number of Joints & discontinuities
" Low permeability
= High strength

* Extremely abrasive

Photo 66: F-43 C9-C10




GIP Ph

1A DESIGNATION AND ASPROXIMATE LOCATION OF ACTIVE
SITE NEAR PROPOSED DRAMN ALIGNMENT

4 A UESIGNATION AND APPROXIMATE LOCATION OF INACTIVE!
CLOSED SITE NEAR PROPOSED DRAIN ALIGNMENT

BASE PLAN CREATED FROM PLAN TITLED "CITY OF MANCHESTER,
CEMETERY BROOK DRAIN CSO PRELIMINARY DESIGN,

Alternative Sundial Ave/
Baker St Route

APPROOMATE SCALE N FEET

BASE MAP LEGEND
e Pitectial Pipe Jacung inatuanie 5 Phuse 1 Procosad Borng
S— poieriat Open Cut | Tunneing metsiston (@ P 3 Progomed Basing

BRODK DRAIN FROPOSED BORING PLAN, DATED 17 MARCH 2020
BY COM SMITH.

— s Tonnesieg aianon

Properties Near Proposed Drain Alignments

inwtatiotion 3 Poaential Tunnsing Opton Lausen San

1. Nylon Corp of America, 333 Sundial Ave: ERNS, NH SPILLS,
Active AST, Active UST

n

Lightower Fiber Notworks Il, LLC, 1 Sundial Ave: NI RGA

LUST, Activa AST, NH RGA SHWS.

Quaeen City Sunoco, 235 Queen City Ave: MH RGA LLIST

Tha Ellict a1 River's Edge, 185 Quean City Ave: MH ROA LUST,

Active AST. Inactive UST, NH ALLSITES

Agway Potroleum Corp, 201 & 209 Queen City Ave: LUST,

Inactive UST, Heslorical Aulo Staton

Swanson's Die Co, 141 Queen City Ave: NH RGA LUST, N

ALLSITES, inactive UST

7 Elevon 33201, 117 Quesn City Ave: RGA LUST, Actve ST,

Historical Auto Station, HH

Bakarsville Elementary Schocl, 20 Eim St NH RGA LUST,

Actve UST

Blessed Sacrament PA, 14 Elm St NH RGA LUST, ImUST

8. Beveylina LLC/Empire Sheet MetalThompson
155 Baker St: LUST, Active UST, NH SHWS

10. Motorcycles of Manchester, § Willow St LUST inactive UST,
Historical futo Staton

11. 5t Casimir School, 1 Union 5t: NH RGA LUST, Inactve UST

12. FW WebbiFormar Colonial Supply, 201 Shasta St NH RGA
LUST, Inactive UST

13. Maverick Gas and Conveniance, 8-15 Willow St: NH RGA
LUST, LAST, Active UST, Inacsive AST

14. Keller Products, Inc., 41 Union St: NH RGA LUST, inactive UST,
Inactive Haz Waste Gen

15. Cagital Plumbing and Heating, 25 Union 51 HH RGA LUST
Inactive UST

16. Manchester Phplr Supply Company, 34 Beech S1: NH RGA
LUST, Inactive LIST

17. Birdbath Commercial, 33 Beech St Inactive LIST

18a Former Construction, 80 Maple St LUST, inaciive UST,

g g v ore

B

Harvey
NH ALLSITES
188, Hines Marty Ol 76 Mapls
5t NH RGA LUST, LAST, Inacive ST, Inactive AST
8. Ranfos Chevion Station/Magphe St Chevion, 101 Maple St: NH
R LUST, inaciive UST, Historicel Gas Statan
20. Twin Towers

ims, 470 Sikver St Inacive UST

¢ Cemetery Brook Drain

ase 1 Environmental Testing — Group 1

Inlet Structure

#1a. Colonial Plumbing/'Crawford, Yogel & Wenzel 08 514 Harvard
Bt: NH RGA LUST, Inactive UST, Active AST

21b.M L Halle Oil Service, 198 Lincoin !I. NH ALLSITES, NH RGA
LUST, LAST, inactive UST Activn

21c. Far Lelghton Macl M’lﬂ: NH RGA HIWS, NH RGA
LUST, N+ UST, NH Dryclaaners

22. Lemay Dil Sarvice, 284 Wilson St: NH RGA LUST, Active UST

2& JAG Associates: NH RGA LUST Inacthve UST

RGA LUST. Acte Haz Washe Gen, In.deST Inactive ASI
8. ServPro of Manchester (former Tap Cleaners), 380 Belmont St

Higtonical Dry Cloaner
26. AlfTax Unitorm Rantal Sarvice, 324 Taylor 51 NH RGA LUST,
NH ALLSITES, Active Haz Wasie Gan, Inactive UST
270 CINTAS Corp, 341 Taylor 51: NH SHWS
2Th. Agway Feed Mil, 795 Grove St: NH RGA LUST. acive UST
E nr.snmrmnmhnuui:. 20 Willow St: Historcal Auto

E- 3 Fnrm-rllll-lFull r, 600 Massabesic St: NH RGA
LUST, N SPILLS, Inactiv AST

30. Rite Aid 10278 (Formaer Building 19), 270 Mammoth Rd: NH

RGA LUST. Insctive UST. US Browseids, NH

3. Farmer Axton CrossiHitchcock Clinle: LUST, Inacive UST, K
RGA SHWS

32, CVS Pharmacy 2257 [Former Sundeen Lumber Gol: NH RGA
LUST, Inactive: UST. Acive Haz Waste Gen

% CEMETERY BROCK C50 PRELIPSARY DESHN
MANCHESTER, KW HAMPSHIRE

RELEASE AND OIL AND HAZARDOUS
MATERIALS (OHM) PROPERTY
LOCATION PLAN

P FIGURE 1
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Machine Type

Grain size distribution

Pressurized face
Soft ground / rock
Segmental lining

SILT SAND GRAVEL
FINE | MEDIUM , COARSE FINE  , MEDUM
I 1

CLAY

reduce stickines: <2 bars pressure

EPBZONE] VWeterte I!nal:velconsblency. foam to EPBZONE2 Foam EPBZONE3 Foam+Polymers; Water pressure EPB ZONE 4 Foam + Polymers + Fines; No water



Hydraulic Physical Model




Hydraulic Physical Scaled Model

= Evaluate design elements
= Air movement
= Venting
= Connection criteria

= Two types of drop shafts
“ In-line drop shaft
= Off-line drop shaft

= Qutfall structures

= Transition
i = Energy dissipation/Apron




S W W

Tunnelahd Outfall Structures
-J




Project Status




CEMETERY BROOK DRAIN TUNNEL PROJECT

Preliminary/Final engineering

12,000-ft o 12-ft ID  Segmentally lined tunnel
Design through Q2 2024

Bid late Q3 2024 (tentative)

CITY OF MANCHESTER
MANCHESTER, NH




