Pipelines 2016

1279

Lessons Learned Installing a Critical Large-Diameter Spiral Welded Steel
Water Pipe under New York Harbor
Gedas Grazulis1; Ronald S. Brown2; and Richard Mielke, P.E.3

1

Operations-Welding Engineer, National Welding Corporation, 7025 Commerce Park Dr., Midvale,
UT 84047. E-mail: gedas@national-welding.com
2

Senior Technical Sales Representative, Northwest Pipe Company, P.O. Box 560, Murrysville, PA
15668. E-mail: rbrown@nwpipe.com
3

Director of Engineering, Northwest Pipe Company, 5721 SE Columbia Way, Suite 200, Vancouver,
WA 98661. E-mail: rmielke@nwpipe.com

Abstract
The Port of New York and New Jersey (PANYNJ) owns one of the most
heavily used water transportation corridors in the World. It takes in nearly 1/3 of all
the Eastern US shipping trade. The Anchorage Channel is the main “road-way” into
the Metro New York Harbor from the Verrazano Narrows Bridge to the channel’s
confluence with the Port Jersey Channel. In 2014, $125 Billion Dollars worth of
goods and commodities were shipped into this Port. In the late 1990’s the Port
Authority recognized that cargo volumes could double within the next 20 years and
along with that the usage fees generated by the increased cargo. To accommodate the
larger “mega” ships that were being designed and built for the 21st Century for these
increased loads, the Anchorage Channel needed to be dredged to accommodate ships
with drafts exceeding 50 feet.
Project History
The Anchorage Channel as it is known sits between two of the New York City
boroughs: Staten Island and Brooklyn. All of New York City’s high-quality drinking
water is collected in protected reservoirs located 125 miles north of the City. From
there the water travels south through aqueducts to the Hillview Reservoir in Yonkers.
There, it enters City Water Tunnels Nos. 1, 2 and 3. These tunnels are located
roughly 500 feet beneath street level and travel through the boroughs of the Bronx,
Manhattan, Queens and Brooklyn. In 1917 (36”) and 1925 (48”) two water main
siphons were built approximately 50 feet beneath New York Harbor to connect Staten
Island to Brooklyn, and the City’s upstate water supply system (see Figure 1). As
Staten Island’s population and its demand for water grew, in 1970 a 10-foot diameter
tunnel (Richmond Tunnel) was built deep in the bedrock beneath New York harbor
and became the primary water conduit to Staten Island. The original water siphons
have since been kept in service as a back-up connection to ensure a 50 MGD supply
of drinking water for the half million residents on Staten Island.
To be able to dredge the Channel to accommodate the larger “mega” ships
these two older NYC Department of Environmental Protection (NYC DEP) water
transmission mains needed to be removed and replaced with a larger (72” diameter)
transmission trunk main which would serve as the new back-up if the Richmond
Tunnel were to go down. In 2004 the services of Camp Dresser McKee/Hatch Mott
McDonald Joint Venture ( CDM/HMM JV ) was engaged by the NYC EDC

© ASCE

Pipelines 2016

1280

Figurre 1. Anchorage Chann
nel Overview
w.
(Ecconomic Development Corporation
C
managing thhis project foor the NYC D
DEP) to
pro
ovide engineeering servicees in connecction with thee old pipe reemoval and ddesign and
con
nstruction off a new deep buried 72” siphon replaacement.
A study
y initiated by
y CDM/HMM
M JV evaluaated the optioons to replacce the
existing pipelin
ne siphons. The
T study inv
volved a com
mprehensivee evaluation of the
alteernatives of:
•
•

Dredgin
ng and use of Coffer
Dams
Micro-ttunneling

•
•

Horizonttal directional drilling
Conventtional boringg using a
tunnel booring machinne (TBM)

Th
he Study com
mpared the methods
m
undeer these criteeria:
• Schedulle
• Environm
mental Impaact
• Constru
uctability
• Cost
• Constru
uction Risks
• Navigatiional Costs aand Impact
Thee evaluation componentss and criteriaa pointed to the process of conventioonal TBM
app
proach.
Thee next study evaluated caarrier pipe material
m
optioons, includinng:
• Pre-streessed Concreete Cylinder
• Spiral W
Weld Steel Piipe
Pipe
(AWWA
A C 200)
• Fiberglaass Reinforcced Pipe
Thee evaluation included theese considerrations:
• Operational
nance
• Mainten
• Constru
uction Logisttics
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Once the study was completed, spiral welded steel water pipe (AWWA C200)
was selected. AWWA C200 Spirally Welded Steel Water pipe has been the primary
large diameter “go to” direct bury and tunnel pipe material for the City. This is due
primarily to steel pipes: flexibility, corrosion resistance with the use of coatings and
cathodic protection (CP), its tensile strength, inherent toughness (compared to other
materials) and superior bottle tight lap welded restrained joint.
The City has used lap welded field joints for over 50 years and recognizes that
this connection system is the best choice for their applications. The bell and spigot
ends allow for some angular deflection and provide easier assembly and fit up in the
field compared to a butt weld joint. When completed the lap welded joint will resist
thrust from maximum pressures, thermal loadings and bending. During installation
the spigot end of the pipe extends into the 4 inch deep bell with a nominal overlap of
2.25 inches but has the flexibility to extend less to allow for angular deflection.
The Engineering team designed the steel pipe system based on key parameters
such as working and surge pressure, thrust and thermal loadings, installation and
jacking force loadings, grouting pressures, and external buckling. Final design and
specification was for a spiral welded steel pipe 72 inch ID cylinder (73.25” OD) with
.625 inch wall thickness and a single lap welded bell by spigot joint. The interior of
the steel pipe was cement mortar lined per AWWA C205 at the factory.
Pipe Manufacture
Northwest Pipe Company was chosen to supply the AWWA steel water pipe
for this siphon project. The welded steel pipe was manufactured from steel coils
formed helically into cylinders and double submerged arc welded as they are being
formed. This continuous process allows the pipe to be manufactured to any length
and most diameters which provides flexibility to the designer and installer. On the
pipe mill, cylinders are cut to their desired lengths using a plasma torch. As required
by AWWA C200 each length of pipe is hydrostatically tested to 75% of the specified
minimum yield and held for a minimum of 30 seconds or as long as needed to
perform visual inspection to comply with AWWA C200. In this case the test pressure
for 72” pipe with a .625 wall was 538 psi.
The design engineer and owner evaluated various pipe joint designs to
determine the optimum joint for performance and constructability. As described in
the paragraph above, a single welded, bell and spigot lap joint configuration was
determined to be the best option. Bell and spigot joints are provided by precision
expanding one pipe end to form a bell and the spigot is simply the cut end of the pipe.
Tunnel Size and Depth
Theoretically a ten foot diameter TBM would have provided sufficient space
between the 9,460 lineal feet of concrete tunnel liner and the 72 inch steel carrier pipe
however this minimized diameter would have made tunneling and steel pipe
installation more complicated. Hence a twelve foot diameter TBM was utilized which
resulted in a 10 foot clear opening after the concrete liner sections were placed. This
larger bore greatly enhanced the project logistics and productivity. The tunnel depth
ranged from 65 feet below grade at the Staten Island shaft to 110 feet below grade at
the Brooklyn shaft.
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Tully/OHL JV was low bidder and the prime contractor. The low bid came in
at just under $300 million. National Welding Corporation was chosen to install and
weld the pipe joints in the tunnel as well as the welded steel construction in the
launch shaft.
Launch Pit Construction, Excavation and Welding
There were two shafts designed for this project: The launch pit/shaft was
located in a vacant lot on Staten Island and was the starting location for the tunneling
and for most surface operations. The receiving shaft was located across New York
harbor in a Brooklyn park between the Belt Parkway and Shore Road. Access at this
location was only available on a limited basis.
Construction began with building a slurry wall launch shaft in August 2011.
National Welding Corp. mobilized for the Siphon project in February 2012 where we
joined Local 15 Operating Engineers out of New York to perform welding of the
shaft whalers that supported the slurry walls against the immense pressure created by
the New York harbor just a few hundred feet away. As the excavation progressed
additional whalers were added until reaching the bottom where these became the
walls of the launch pit for the Tunnel Boring Machine (TBM) (see Figures 2a and
2b). The launch pit consisted of 6 courses of steel whalers varying from a single W36
beam at the top of the launch pit to a triple stacked W36 beam at the base with
increasing web and flange thicknesses at lower depths. The walls were supported
with W14 spreader beams on every course. Ground freezing was employed to
stabilize the liquefied soil at the shafts during construction. The 300 foot long launch
shaft would be the assembly location for the TBM and the only access into the tunnel
until the machine holed-thru in the Brooklyn shaft over 9,000 feet away on the other
side of the Anchorage Channel in an area of Brooklyn called Bay Ridge.

© ASCE

1282

Pipelines 2016

1283

Figures 2a and 2b. Launch Sh
haft excavattion.
g Machine Begins
B
Miniing
Tunnel Boring
A 300 foot-long,
f
11
10 ton pressu
urized TBM was selectedd for this prooject. It
fo soft groun
nd as opposeed to bedrockk. The machhine was low
wered into
wass designed for
the Staten Islan
nd shaft and assembled in
n July 2012.. During TBM
M operationns
seg
gmented conccrete rings were
w placed behind
b
the m
machine therreby reducing the 12
foo
ot diameter excavation to
o a 10 foot diiameter finisshed tunnel bbehind the T
TBM (see
Fig
gure 3) that would
w
later house
h
the steeel pipeline.

Fig
gure 3. TBM
M leaves 10
0 foot diameeter segmen
nted tunnel
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At the early
e
stages of
o mining th
he TBM was to proceed sslowly downnwards
from
m the 65 foo
ot deep launcch shaft at a 2.5% grade to a depth oof 100 feet beelow the
surface towardss Brooklyn. After reachiing the desirred depth thee TBM woulld level out
and
d make a slig
ght change in
n direction and
a proceed almost horizzontally underneath the
chaannel (see Fiigure 4).

gure 4. TBM
M descends to 100 feet.
Fig
Soil con
nditions caussed the mach
hine to contiinue its downnward progrression
bey
yond the plan
nned depth requiring
r
a correction.
c
This maneuveer created a llow spot in
the tunnel referrred to as “th
he dip” (see Figure
F
5).

Figure 5. “The Diip”.
BM progresseed approxim
mately 1,600 feet from the launch shaaft in Staten
The TB
w
operatio
ons were susspended on tthe evening oof October
Islaand towards Brooklyn when
28, 2012 in adv
vance of the approach off Hurricane S
Sandy. The hhistoric storm
m surge
cau
used by Sand
dy flooded th
he Staten Islaand shaft annd filled the ttunnel with ssea water.
Thee TBM remaained submerged for sev
veral months after the stoorm which seeverely
dam
maged the hy
ydraulic and
d electrical co
omponents i n the machinne. After thee tunnel
and
d shafts weree dewatered and damagee assessmentts were comppleted, montths of
repairs and testting of the TB
BM followeed.
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On Aprril 14, 2014, the TBM ressumed workk and continuued excavatiion of the
tun
nnel without problems un
ntil the last 700
7 feet befoore the hole-tthru on the B
Brooklyn
sidee. Once agaiin, liquefiablle soil conditions were bbelieved to cause the fronnt of the
TBM to dip dow
wnwards tw
wice creating “the secondd and third diip”.
When th
he tunnel waas completed
d in Februaryy 2015 the ppipe installattion start
date was almosst 3 years beh
hind schedulle and had ggone throughh multiple deesign
chaanges. The “d
dips” presen
nted numerou
us challengees to both thee design andd
insttallation team
ms. Every deeviation in th
he tunnel creeated a needd for more fleexibility
witth the joint design
d
as welll as installattion means aand methodss to minimizee low spots
in the
t completeed tunnel lineer.
Evo
olution of Pipe
P
Carrierr Design
The new
w design callled for the stteel pipe to bbe installed aat a differennt slope
than
n the mined tunnel. The pipe installaation elevatiion from invert of tunnell to invert
of pipe
p now varried from 19
9 inches up to 35 inches. The design continued too evolve as
the TBM experrienced difficculties mainttaining gradde and the insstallation teaam was
quired to mod
dify the pipee blocking an
nd carrier deesign severall times just w
weeks
req
beffore starting the work. Ultimately thee tunnel pipee installationn was requireed to be
adju
ustable throu
ughout the tu
unnel length
h undulating from 17 incches to nearlyy 43 inches
in height.
h
The pip
pe installation
n design team
m utilized thhe rail previoously used fo
for the
min
ning operatio
ons as the method
m
of tran
nsporting thee steel pipe. The pipe waas installed
witth the first piiece being seet in Brookly
yn then proggressing backk towards thhe Staten
Islaand access on
ne 40 foot piece at a tim
me. A diesel L
Locomotive pushed a cradle style
pipe carrier (see Figure 6) designed
d
witth pneumaticc lifting deviices to position the
pipe at the corrrect elevation
ns engaging the bell andd spigot jointts. Polyurethhane wheels
mounted on thee carrier allowed clockin
ng of the new
w pipe. The ddesign team had used
sim
milar pipe carrriers successsfully numeerous times inn the past, hhowever thosse projects
werre installed to
t a single ellevation but allowing forr a slight varriation of + oor – 4
inch
hes.

Figu
ure 6. Pipe Carrier rou
ugh design..
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The tun
nnel rail had
d been submeerged in salt water and uused to transpport
thousands of to
ons of muck and concretee segments dduring mininng leaving itt in
relaatively poor shape. The mining
m
contrractor conseequently experienced num
merous
derrailments durring their op
perations whiich required a solution. A
An extra widde rail
wheel was macchined speciffically for th
he project to prevent the pipe carrier and its
24,000 pound load from deerailment. Th
he rail wheells used for thhe pipe carriier were
app
proximately 2 inches wid
der than thosse used on thhe locomotivve.
The pneeumatic liftin
ng devices were
w only cappable of raissing the pipee 7” above
the carrier thereefore an inno
ovative soluttion was neeeded to instaall pipe over 2 feet
abo
ove the pipe carrier as weell as allowing rotationaal clocking oof the pipe. T
To achieve
the required insstallation heiights a stack
kable spacer system was designed to fit the pipe
carrrier. The spaacers were reeferred to as “stackers” aand could bee stacked on top of one
ano
other until reeaching the required
r
heig
ght before thhe pipe was llowered intoo the shaft
(seee Figure 7). The stackerss allowed thee pipe to be transported just below tthe
insttallation elev
vation then raised
r
to the final elevatiion utilizing the pneumaatic lifting
dev
vices for smaall elevation adjustmentss. In multiplee areas the ppipeline elevvation
difffered dramattically at botth ends of th
he same pipe . In this insttance a differrent
quaantity of stacckers could be
b used on th
he front and back of the pipe carrier to achieve
the required eleevations.

gure 7. Stacckers on Pip
pe Carrier.
Fig
A rollerr chain was designed
d
to sit
s over the ttop stacker aallowing for clocking of
the pipe (see Fiigure 8).
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Fig
gure 8. Rolller Chain foor clocking.
Ad
djustable Pip
pe Bracing
Once th
he Bell and Spigot
S
joints were engagged and set too the proper elevation a
braacing system was needed
d to support the
t pipe whiile the Pipe C
Carrier was rretracted.
Thee pipe bracess would hold
d the load off the new linner until theyy were encased during
the annulus gro
outing operattions. The piipe braces allso needed too adjust for vvarying
he installatio
on location. Once the pippe was transsported into
pipe elevations quickly at th
the tunnel theree was limited
d access except at the exxposed pipe eend, thereforre a system
thatt supported the
t pipe at ju
ust one end was
w preferreed. The pipe support systtem was
sub
bject to the pipe
p dead loaad plus buoy
yant forces duuring the groouting operaations. To
han
ndle these ap
pposing stressses “ears” or
o flat plates were weldedd near the exxposed end
of each
e
steel lin
ner piece. Th
he pipe braciing was cut tto length andd welded to the “ears”
oncce the pipe was
w installed at location. Three differrent lengths of bracing w
were
man
nufactured to accommod
date the vary
ying installattion heights quickly whiile limiting
wasste.
The finaal bracing deesign consistted of a steell channel legg connected via bolt to
a stteel plate foo
ot with a UH
HMW isolatio
on pad betw
ween the foott and tunnel wall.
Durring the installation, the crews would set the pippe then meassure the requuired leg
length. An oxy acetylene to
orch was then used to triim the bottom
m legs to lenngth. Once
w
in plaace (see Figu
ures 9a and 99b) the lifting devices weere
the legs were welded
wered and thee locomotivee pulled the pipe carrier to the launcch shaft to reeceive the
low
nex
xt piece of piipe while weelding crewss stayed behiind to installl the top braccing.
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Fig
gures 9a and 9b. Pipe Bracing and
d Swivel Fooot Design.
Weelding and Inspection
I
With su
uch a tight scchedule to in
nstall, fit andd weld 237 ppieces of pipee in under
w
this beecame a majo
or undertaking. Field addapted high pproduction w
welding
9 weeks
pro
ocesses were needed to deposit
d
over 4,000 poundds of requireed weld metaal. The
Flu
uxed Core Arrc Welding (FCAW)
(
meethod was seelected for thhe welding ddue to its
hig
gh deposition
n rate and low
w fume emisssion characcteristics. A hhigh voltagee cable
run
nning from Brooklyn
B
tran
nsmitted 13,700 volts to a mobile steep down trannsformer
pro
oducing 480 volt 3 phasee power insid
de the new ppipeline, highh voltage waas required
to limit
l
line losss due to the length of the tunnel. Fouur inverter tyype weldingg power
sou
urces were mounted
m
to a custom buillt tunnel cartt (figure 10) that includeed a step
dow
wn transform
mer that prov
vided power for small haand tools andd workspacee lighting.
Shiielding gas for
f the FCAW
W process was
w also suppplied from thhe Brooklyn side via
pressure hose.

Figure 10
0. Weldingg Cart
g inspection
n was perform
med by a thirrd party insppection comppany. The
Welding
r
Mag
gnetic Particcle (MT) insppection for eevery girth w
weld
speecifications required
perrformed. Welds were req
quired to con
nform to the acceptance criteria listed in AWS
D1.1 Structurall Welding Code-Steel 20
004, Table 6 .1.
Acccelerated In
nstallation and
a Welding
g
With the project beiing so far beehind, an acccelerated insttallation schhedule was
req
quired. Crews worked daay and night 6 days a weeek to compleete the installlation and
wellding within the 9 week timeframe. Installation
I
w
was halted sseveral timess due to the
tun
nnel flooding
g (see Figuree 11), ventilaation and pow
wer issues.
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Figu
ure 11. Floo
oded Tunneel at 2nd Dip.

verview
Ov
This pro
oject showcaases just how
w adjustable bell and spiigot welded jjoints are
in tunnel
t
and otther applicattions. This adjustability
a
frequently bbecomes a neecessity as
min
ning or excav
vations deviiate from thee planned aliignment. Thee pipe is mannufactured
welll before the completion of tunneling
g and in mosst cases num
merous headaaches and
delays can be avoided
a
with
h adjustable joint
j
designss, installationn methods, bbracing and
a teeam willing to
t adapt to changing
c
con
nditions. Eveen with all thhe difficultiees
exp
perienced, th
he pipe installlation and welding
w
was completed w
within the 9 week
win
ndow and thee entire run of
o pipe undeer New Yorkk Harbor passsed the presssure test
on January 22, 2016.
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