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SECTI ON 33 01 98

SLIP LI NI NG OF EXI STI NG PI PI NG FOR LEVEE APPLI CATI ONS
05/13

NOTE: This guide specification covers the
requi renents for the procurenent, installation, and
testing of slip lining for existing exterior piping.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Rermove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR.
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PART 1 GENERAL

1

1 SUMMARY

This section of the specifications consists of the requirenents and work
needed to rehabilitate [an] existing pipe[s] in a |levee systemusing the
slip lining nmethod by providing pipe liner[s], bul kheads, annular space
grouting between the host and slip liner, performance testing as stated

herein and providing all |abor, materials and equi pment necessary to
acconplish the work as stated herein. In all instances, rehabilitation
shall include installation of [a] liner pipe within an existing host pipe

with a continuously grouted annul ar space. The size[s], type[s], and

di mensi ons of the pipe liner[s] shall be selected by the Contractor and
submitted for approval and shall include all connections, joints, and other
appurtenances as required to conplete the work.

.2 MEASUREMENT AND PAYNMENT

Payment will be made for work perforned under this itemin accordance with
[the][each] pipe slip lined as shown in the bid schedule. Paynment includes
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all costs associated with |abor, equipnent, material, supervision

cl eani ng, inspection, sheeting, installation, safety, dust/erosion control
testing, site restoration and all other work specified or not which is
reasonably required to provide a conpleted installation. Any item not
specified shall be considered incidental to the work. |nclude al
incidental cost in the bid price for the slip liner

1.3 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASTM | NTERNATI ONAL ( ASTM
ASTM C138/ C138M (2017a) Standard Test Method for Density

(Unit Weight), Yield, and Air Content
(Gravinmetric) of Concrete

ASTM C150/ C150M (2018) Standard Specification for Portland
Cement
ASTM C403/ C403M (2008) Standard Test Method for Tinme of

Setting of Concrete M xtures by
Penetration Resistance

ASTM C495/ C495M (2012) Standard Test Method for
Conpressive Strength of Lightwei ght
I nsul ati ng Concrete

ASTM C497 (2018b) Standard Test Methods for Concrete
Pi pe, Manhol e Sections, or Tile

ASTM C497M (2018) Standard Test Methods for Concrete
Pi pe, Manhol e Sections, or Tile (Metric)

ASTM C581 (2015) Standard Practice for Determ ning
Chemi cal Resistance of Thernosetting
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ASTM C939/ CO39M

ASTM C942

ASTM D2412

ASTM D3212

ASTM D3262

ASTM D3350

ASTM D3681

ASTM D3839

ASTM D4161

ASTM F1697

ASTM F1741

ASTM F2620

ASTM F477

Resins Used in d ass-Fi ber-Rei nforced
Structures, Intended for Liquid Service

(2016a) Standard Test Method for Fl ow of
Grout for Prepl aced- Aggregate Concrete
(Fl ow Cone Met hod)

(2010) Compressive Strength of Gouts for
Prepl aced- Aggregate Concrete in the
Laboratory

(2011) Determ nation of External Loading
Characteristics of Plastic Pipe by
Paral | el - Pl at e Loadi ng

(2007; R 2013) Standard Specification for
Joints for Drain and Sewer Plastic Pipes
Using Fl exible Elastoneric Seals

(2016) "Fibergl ass"
(Glass-Fiber-Reinforced
Ther nosetti ng- Resi n) Sewer Pipe

(2012) Pol yet hyl ene Pl astics Pipe and
Fittings Materials

(2012; E 2014) Standard Test Method for
Chemi cal Resistance of “Fiberglass”
(Glass—Fiber—Reinforced

Ther nosetting-Resin) Pipe in a Deflected
Condition

(2014) Underground Installation of
"Fi bergl ass" (d ass- Fi ber-Rei nforced
Ther nosetti ng- Resi n) Pipe

(2014) "Fibergl ass"

(Glass-Fiber-Reinforced

Ther noset ti ng- Resin) Pi pe Joints Using
Fl exi bl e El astoneric Seal s

(2009; R 2015) Standard Specification for
Pol y(Vinyl Chloride) (PVC) Profile Strip
for Machi ne Spiral -Wund Liner Pipe
Rehabilitation of Existing Sewers and
Conduit

(2008; R 2016) Standard Practice for
Installati on of Machine Spiral Wund Poly
(Vinyl Chloride) (PVC) Liner Pipe for
Rehabilitation of Existing Sewers and
Conduits

(2013) Standard Practice for Heat Fusion
Joi ni ng of Pol yethylene Pipe and Fittings

(2014) Standard Specification for
El astonmeric Seals (CGaskets) for Joining
Pl astic Pipe
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ASTM F585 (2016) Standard Guide for Insertion of
FI exi bl e Pol yet hyl ene Pipe into Existing
Sewers
U S. ARMY CORPS OF ENG NEERS ( USACE)

EM 385-1-1 (2014) Safety and Health Requirenents
Manual

.4 ADM NI STRATI VE REQUI REMENTS

4.1 Pre-Installation Conference

Wthin [___ ] cal endar days of notice to proceed, conduct a

scope-val idation neeting, including potential Sub-Contractors, and
Contracting Officer to facilitate common agreenent and understandi ng of the
work to be perforned. At this time, the resunes of Sub-Contractors,

proj ect superintendent or project manager shall be supplied to the
Contracting Oficer or be elimnated from considerati on.

.4.2 Detail ed Work Pl an

Subnmit a Detailed Wrk Plan not |ess than 30 days prior to comencenent of
work. The plan shall include but is not limted to the foll ow ng:

a. Proposed construction sequenci ng and schedul i ng
b. Plan for renoval of any obstructions encountered

c. Detail Drawings in an approved form for [each] slip lining system
i ncl udi ng pi pe manufacturer's instructions for installation

d. List of proposed products showi ng new di aneter[s] of slip lining pipe[s]
to be installed along with existing pipe dianeter[s]

e. Specify all mandrel dinensions, including length[s], for each pipe to be
slip lined

f. Provide nmaxi mum dept h of cover over pipe[s]

g. Areas requiring special construction techniques

h. Proposed nmethods for flow control or by-pass to divert excessive flow
away froma section of pipe if the need arises during the slip l'ining
process

i. Proposed access and stagi ng area[s]

j. Proposed nethod of re-establishment of connection[s] (if applicable)

k. Joints, gaskets, proposed Resins, Coatings, | ], and ot her
pertinent information as applicable

|. Dates of excavation and pipe placenment, along with proposed work hours
m Method for preventing danage to the host and |iner pipe[s] using guide

rails, pipe invert paving, or other applicable nethods when the invert
of the host pipe has deteriorated significantly
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n. Method for waste grout recovery

0. Detailed plan for dealing with buoyant uplift of the liner pipe during
grouting

p. Health & Safety Plan in conpliance with EM 385-1-1.

g. Mnufacturer's reconmendation regardi ng nethods for repair of damage to
liner pipe following installation

r. List of proposed subcontractors

s. Witten confirmation that the grouting procedures has been coordi nated
with the grout installer and the liner pipe nmanufacturer.

1.4.3 Sequenci ng and Schedul i ng

Subnmit plan for final approval of Construction Progress Schedule prior to
conmenci ng construction. Provide 72 hour notice to Contracting O ficer
prior to placing liner pipe[s]. Do not proceed with slip lining operations
for pipe[s] that are likely to reach gauge operation elevation within 5
days as forecast by the National Wather Service. |ay out the sequencing
of work to minimze work stoppages as a result of high water. Additionally
after liner pipe has been placed, nake all reasonable attenpts to grout the
annulus prior to partial or total subnergence of the pipe. |In the event in
whi ch high water subnmerges a portion of a lined pipe prior to annul ar
grouting, clean out the annul ar space using high pressure water jetting
prior to grouting.

1.5 SUBMITTALS
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NOTE: Review Subnittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.
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The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the

submi ttal

item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed

item for

*% *% *% *% *%

Gover nnent approval

Arny projects.

*% *% *% *%%

is required for subnmittals with a "G' designati on;

submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submittal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG.  Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnmttals

Cont r act or

Qualifications; G DO

Grout Contractor Qualifications; G DO

Pi pe Inspection Procedures; C, DO
Construction Progress Schedule; G DO
CCTV Recordi ngs and Report Logs; G, DO

Di gital Photographs and Report Logs; G, DO
Detail ed Work Plan; G, DO

Anal ysi s and Cal cul ations; C, DO

SD- 02 Shop Drawi ngs

Bul kheads;

e, [ 1]

SD- 03 Product Data

Li ner Pi pe;

¢, [ 1]

Sol ubl e Reactive Silicate Concrete Treatnent Product; G, DO
WV Protective End Treatnent; G, DO

SD- 05 Design Data

Conveyance Capacity; C[, [ 11
Downst ream Scour Protection; G, [__ 1]
Structural Properties; ¢, [ ]]

SD-06 Test Reports

Grout Trial

M x Tests

SD-10 Operation and Mai ntenance Data

Mai ntenance; C[, [ 1]

SD-11 C oseout Submittals
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Manufacturer's Warranty; G, DO
Post-Installati on CCTV Recordi ngs and Report Logs; G, DO
Post-Installation Digital Photographs and Report Logs; G DO

1.6 QUALITY ASSURANCE
1.6.1 Qualifications and Supervision

Submit Contractor Qualifications for slip lining piping, docunmenting their
engagenent in the successful installation of simlar slip lining systens
for at least [__ ] years. Provide an experienced superintendent with
experience in installation of simlar slip lining systems. The
superintendent shall be on site at all times and shall have full authority
to direct the neans, nethods, equi pnent and personnel and performance of
the work.

1.6.2 Grout Contractor Qualifications

Submit Gout Contractor Qualifications in letter formfromthe foam

manuf acturer stating that they are an approved applicator for that product,
as well as the grout mx design, and test break results for that particul ar
design. Reference paragraph GROUT MATERI ALS AND M XES for grout m x design
requirements.

1.7 DELI VERY, STORAGE, AND HANDLI NG

Prevent injury or abrasion to liner pipe during |oading, transportation,
and unl oading. Do not drop pipe fromcars or trucks, nor allow pipe to
roll down skids w thout proper restraining ropes. Use suitable pads,
strips, skids, or blocks for each pipe during transportation and while

awai ting installation in the field. Liner pipe shall be noved by nachinery
in a controlled manner. Do not allow liner pipe to roll down the |evee
enbanknent at any time. Handle and store in accordance with the

manuf acturer's published recommendati ons.

Renove slip liner pipe with cuts, gashes, nicks, abrasions, or any such
physi cal danmage which is deeper than 10 percent of the wall thickness from
the site and replace with undamaged pipe at no additional cost to the
Government.

1.8 WARRANTY

Submit [ ] copies of the signed Manufacturer's Warranty for al
products within [__ ] [days] [weeks] of final conpletion of the work

PART 2 MATERI ALS
2.1 DESI GN REQUI REMENTS
2.1.1 Conveyance Capacity

Provide slip lining pipe[s] designed to allow the maxi mum conveyance
capacity possible, but in no case provide |ess capacity than currently
exists while nmaintaining a 25 nm 1-i nch m ni nrum average annul ar space

bet ween the host pipe and liner pipe for grouting. |In sonme cases capacity
can be increased by inmprovenent of entrance conditions and any such

i nprovenents nust be submitted. Submit cal cul ations that denmonstrate how
capacity is deternmined for the liner pipe. |If there are circunstances
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whi ch prohibit supplying a slip lining systemthat provides at |east the
current conveyance capacity for [each] [the] pipe to be slip lined, notify
the Contracting Oficer to determ ne an appropriate course of action

1.2 Downst r eam Scour Protection

Consi der the velocity of outlet flow and take appropriate action, if
needed, to ensure that downstream scour protection is adequate. This may
be addressed with rip rap, baffle blocks, energy dissipaters, or other
means.

. 1.3 Design Criteria

The slip liner pipe systemshall be designed by a |icensed professiona
engi neer to neet the standards outlined in the follow ng sub-paragraphs.
Submit cal cul ations of the system's structural properties prior to
construction. Support all assunptions utilized in calculations with
product data, test reports, or referenced publications.

a. Design the new slip liner pipe systemusing the fully flood-I| oaded
| evee el evation to establish external hydrostatic pressure.

b. Design the new slip liner pipe systemfor maxi num5 percent ovality and
a maxi mum al | owabl e I ong term defl ection of 5 percent.

c. Design the new slip liner pipe systemusing a safety factor of 2.5 for
buckling and 2.0 for bending, wall crushing and buoyancy. Analysis for
buckling shall be two-fold: to check for buckling fromthe grouting
pressure of the liner pipe; and to check for buckling from externa
pressure of the underground water table. Ignore the cross-sectiona
shape distortion of the host pipe in the buckling anal ysis.

.1.4 Analysis and Cal cul ations

Subnit detailed analysis and cal cul ati ons, stanped by a licensed P.E., not

| ess than 30 days prior to commencenent of work. Denobnstrate suitable

application of products based on the follow ng paraneters:

a. Deflection

b. Confined buckling (for both Grouting case and the Fl ood Load case)

c. Long-term (50-year) hydrostatic buckling

d. Calculations verifying conveyance capacity and velocity of outlet flow
neet the requirenments as stated herein

e. Design Calculations showing that the proposed pipe satisfies the
current design criteria neglecting any contribution of the host pipe[s]

f. Bul khead designs and | ocations including vent and injection port
| ocati on and proposed materials to be used in bul khead construction

g. Buoyant force calculations during grouting
h. Gout nmx designs per the requirenments stated herein

i. Initial set tine of grout
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j. Estimated grout volune for each pipe

k. The maxi mum grout injection pressures proposed as well as nmaxi mum
al | owabl e grout injection pressures as provided by the pipe manufacturer

|. Proposed grout stage vol unmes
.2 LI NER PI PE

Provi de pipe[s] constructed of corrosion resistant, thernoplastic, or
thernosetting resin. Suitable pipe lining materials include solid wall High
Density Pol yet hyl ene Pipe (HDPE), Machine Spiral Wund Poly Vinyl Chloride
(PVC) Pipe, and d ass Fiber-Reinforced Plastic Pipe. Secure witten product
approval fromthe Contracting O ficer before comenci ng any work

a. Select liner pipe material to ensure that thermal expansion or
contraction does not exceed a total of 13 mMm 0.5 inches for the length
of the pipe throughout the range of anmbient air tenperatures
anticipated during the service life of the liner pipe[s]. Assune
anbient air tenperatures for this itemto range from[__ ] degrees CF
to[___ ] degrees C F.

b. Submt manufacturer's detailed product data with conplete infornmation
on liner pipe materials (pipes, joints, gaskets, fittings, entrance
bel I s), physical properties, dinensions, installation m ninmnfmaxinmum
al | owabl e paraneters such as maxi nrum reconmended external grout
pressure, axial conpressive stress, m nimm bendi ng radi us or maxi mum
joint angul ar deflection, etc. Include a manufacturer's certificate of
conpliance with specifications for proposed nmaterials.

c. Pipe liner materials other than those stated bel ow nay be submtted
for consideration and approval by the Contracting Oficer based on
neeting the design requirenents as stated herein.

2.1 PVC Pi pe( Machi ne Spiral Wund)
.2.1.1 Profile Strip

Provi de extruded PVC profile strip in accordance with the requirenents of
ASTM F1697 except as noted bel ow

a. Contrary to ASTM F1697, conposite profile strip conprised of extruded
PVC and a ferrous el enent necessary to provide |long-termstructura
strength of the pipe is prohibited.

b. Al profile strips shall be specifically applicable for installation
and use in the project environnent.

.2.1.2 Joints

Joints shall neet the requirenents of ASTM D3212, and gaskets neeting the
requi renents of ASTM F477

a. The joint shall consist of a single, nechanical interlock between
profile strips supplenmented with sealant and is created continuously as
the profile is wound into the pipe.

b. Once wound into place within the host pipe, joints shall be considered
conpl eted and the pipe shall not be intentionally or otherw se expanded
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or permtted to translate in any direction at the joint.

c. The conmpleted liner pipe shall be provided such that neither the
out side diameter of the pipe is increased nor the internal dianeter of
the pipe is decreased at the joint.

d. Joints shall be water-tight over the range of head pressure expected
for the pipe.

. 2.2 Solid-wall Hi gh Density Pol yethyl ene Pi pe (HDPE)
.2.2.1 Pipe

a. Pipe and pipe fittings shall be manufactured from high density
conpounds in accordance with ASTM D3350, cell classification 345464C
with a designation of PE 3408 and a mini num Standard Di mension Ratio
(SDR) of 32.5.

b. Pipe shall be solid wall with a snmoboth interior and exterior with no
corrugations or ferrous el ements.

c. Each pipe segnment shall be marked on the inside and outside with a
coded nunber which identifies the manufacturer, SDR size, materials,
machi ne, date and shift on which the pipe was extruded.

d. Pipe[s] shall be specifically applicable for installation and use in
t he project environnent.

.2.2.2 Joints

a. Joints shall be water-tight over the range of head pressure expected
for the pipe.

b. Joints shall be butt-fused in accordance with ASTM F2620 and the
manuf acturer's recommendati ons or shall be capable of being joined into
a continuous length by an interlocking nethod such that joints neet the
requi renents of ASTM D3212. Screwtype or threaded joints will not be
al l owed unl ess a positive lock is included in the joint systemor the
perineter of the joint is extrusion welded at the bearing assenbly,
prior to insertion.

c. Internal beads resulting frombutt fusion shall be linmted to a 6 mm
0.25 inch projection perpendicular to the inside wall of the pipe.
Tri m beads larger than 6 nm 0.25 inch 360 degrees around the interior
of the pipe. External beads resulting frombutt fusion need not be
trimred unl ess the bead projection will negatively inpact pipe
installation or mgration of annulus grout.

. 2.3 d ass Fi ber-Reinforced Plastic Pipe

.2.3.1 Pipe

Provide centrifugally cast fiberglass reinforcenent plastic nortar pipe

(CCFRMP) in accordance with ASTM D3262, cell classification Type 1, Liner

2, Grade 3. Al pipes shall be specifically applicable for installation

and use in the project environnent.

a. Mnimmpipe stiffness shall be [ ] kPa psi when tested in
accordance with ASTM D2412.
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b. The glass shall be a commercial grade of E-type glass fibers with the
anmount, location and orientation of the chopped gl ass-fiber
rei nforcement specifically designed for each application

c. Sand shall be mninmum 98 percent silica kiln-dried and graded.

d. The polyester wall resin shall be an isophthalic, orthophthalic or
ot her approved resin with a minimumtensile elongation of 2 percent.

e. Fiberglass Iiner shall be shown by tests to be resistant to | ong-term
corrosion. Testing shall be perforned in accordance with ASTM D3681
using 1.0N sulfuric acid for sanitary sewage, and ASTM C581 for
i ndustrial sewage.

f. Each pipe segnent shall be marked on the inside and outside to identify
t he manufacturer's nunmber, dianeter, stiffness, ASTM designation and
| ot nunber.

.2.3.2 Joints

a. Provie pipe with joints designed so that neither the outside dianeter
of the pipe is increased nor the internal dianmeter of the pipe is
decreased at the joint.

b. Joints shall be water-tight over the range of head pressure expected
for the pipe.

c. Joints shall neet the performance requirements of ASTM D4161. Field
conntect pipe[s] with lowprofile, fiberglass bell-spigot joints or
flush fiberglass bell-spigot joints, when the fit requires. Utilize
el astomeric sealing gaskets as the sole nmeans to naintain joint
wat er-ti ght ness. Gaskets shall neet the requirenents of ASTM F477.
Joints at tie-ins, when needed, nmay utilize gasket-seal ed cl osure
couplings

.2.4 UV Protective End Treat nent

Al'l slip liner pipes constructed of materials that are not UV stabilized
(i.e. fiberglass pipe) that term nate at an open end or headwal | shal
receive a factory-applied coating on the interior surface of the pipe to
resist deterioration fromultraviolet radiation. The UV protective coating
shall be applied for a distance inside the pipe equal to two tines the
inside dianeter of the liner pipe. In the event that field cutting is
necessary, no additional coating will be required for the cut end.

a. Coating color shall be light gray or simlar shade subject to approva
by the Contracting O ficer.

b. Nicks, scratches and mi nor abrasions to the coating shall be touched up
inthe field following final installation

.3  GROUT MATERI ALS AND M XES
. 3.1 Grout For Annul ar Space
Provide grout for the annul ar space in accordance with this Specification

and with the manufacturer's published recommendati ons. The grout shall be
nonstructural or structural based upon the type of slip liner system
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provided. |If the pipe liner provided cannot neet the stated requirenents
for factor of safety against buckling or crushing, then a structural grout
must be used regardl ess of the pipe liner systemused in order to fulfill
the factor of safety requirenments as stated herein.

. 3.2 Grout Mx for Annulus Gouting

.3.2.1 Cement

Conmply with ASTM C150/ C150MN.

.3.2.2 Water

Use only potable water to prepare grout.

.3.2.3 Admixtures

Sel ect admi xtures to neet performance requirenents, inprove punpability,
control set tine and reduce segregation. Adnixtures shall not be
biodegradable.

.3.2.4 Conpressive Strength

.3.2.4.1 Structural G out

The grout 28-day conpressive strength shall be that determ ned during the
design and subnmitted for approval. Test 28-day conpressive strength in
accordance with ASTM C942

.3.2.4.2 Nonstructural G out

The grout shall have a mninum penetration resistance of [690][__ ] kPa
[100][ ___ ] psi in 24 hours when tested in accordance with ASTM C403/ C403N
and a m ni num conpressive strength of [2415][__ ] kPa [350][___ ] psi in
28 days when tested in accordance with ASTM C495/ C495M.

.3.2.5 M x Desi gn

Design a grout mx and installation procedure to conpletely fill the
annul ar space based upon, but not restricted to the list below (a. - g.),
such that the slip liner pipe will not float (either by external restraint
or internal weighting). The grout shall maintain an appropriate viscosity
as tested in accordance with ASTM C939/C939N. Verify the density in
conformance with ASTM C138/ C138N or by other nethods as approved by the
Contracting Oficer.

a. Size of annular void

b. Absence or presence of water

c. Sufficient strength and durability to achieve the design requirenents
as stated herein

d. Provide adequate retardation for placenent
e. Provide less than 1 percent shrinkage by vol une

f. Distance between grout injection ports
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2.

g. Heat of hydration conpatible with pipe material in accordance wi th pipe
manuf acturer's recomendati on

3.2.6 M xers and Punps

M x the materials in equi pnent of sufficient size and capacity to provide
the desired anpbunt of grout nmaterial for each stage of the grouting
operation. The systemshall mix the grout to a honbgeneous consi stency and
deliver grout to the injection point [under a normal range of operating
conditions] [at a steady pressure with a non-pul sating punp at the mx
tank]. The equi prent shall be capable of mixing the grout at densities
required for the approved procedures and shall al so be capabl e of changing
m xi ng paraneters as dictated by field conditions at any tine during the
grouting operation.

.3.2.7 Pressure Gauges

a. Pressure gauges shall be suitable for use in the grouting environnent
and have a working range between 1.5 to 2.0 tines the design grout
pressures, and have accuracy within 0.5 percent of full range.

b. Provide, at a nmininmum one pressure gauge at the point of injection and
one pressure gauge at the grout punp.

.3.3 Grout Trial Mx Tests

a. Structural Gout: Provide Gout Trial Mx Test Results with viscosity,
density, and 28-day nini mum conpressive strength. Also provide the
grout working tine before a 15 percent change in viscosity occurs.

b. Non-structural Gout: Provide Gout Trial Mx Test Results with
viscosity, density, 24-hour penetration resistance set tine, and 28-day
m ni mum conpressive strength. Also provide the grout working tine
before a 15 percent change in density or viscosity occurs.

.3.4 Bul khead Concrete

Design a | ow slunp concrete nmix to forma bul khead at each end of the pipe
to retain the annular grout. Low slunp concrete shall consist of cenent,
fine and coarse aggregate, water, and an air-entraining adni xture.

Concrete shall be thoroughly conpacted into the prepared void by tanping,
roddi ng, ramm ng, etc. Fornms may be used to confine the concrete. The
tenperature of the in situ concrete (i.e., headwal |l or gatewell structure),
adj acent air, and bul khead concrete shall be above 4 degrees C 40 degrees F
during pl acenent.

PART 3 EXECUTI ON

3.

1 PREPARATI ON AND | NSPECTI ON

The Contracting O ficer makes no guarantee regarding the information, data,
and physical condition of underground facilities or existing pipe[s].

Bef ore commencing with any work, or ordering any materials, physically
measure the length and di ameter and inspect the existing pipe[s] designated
to receive a pipe liner to verify that the rehabilitation plan is
appropriate and neets the requirenments of EM 385-1-1. For pipes |large
enough and safe to enter, a wal k-through inspection with digita

phot ography is preferred when confined space entry procedures are

followed. Inspect snmall or unsafe pipes using CCTV. Subnmit pipe
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i nspection procedures to |ocate breaks, obstacles and connections in
pre-construction submttals for approval. Note all connections and any
condi tions which may prevent proper installation of the liner. Correct
these conditions prior to liner installation. Coordinate slip lining
efforts with the Contracting Officer and the owner of the affected pipe.
Subnmit the CCTV Recordi ngs and Report Logs and/or Digital Photographs and
Report Logs prior to pipe liner installation. Base the work plan on a

t horough revi ew of the inspection video and/or digital photographs and
report | ogs.

1.1 Safety

Not e any areas that may involve entry and/or work in confined spaces and
[address in][provide as a supplenment to] the project Health and Safety Pl an
provi ded under Section 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS prior to
performng work in these areas.

.1.2 Control of Flow

Provi de for maintenance and control of flow as necessary for effective

i nspection and satisfactory installation of the slip liner and grout. Such
wor k shal | include by-pass punping or berm ng and dewatering for subnerged

pi pes. Subnit proposed neans and nethods for control of flow with the pipe
i nspection procedures.

. 1.3 Bypass Punpi ng

If required, provide for continuous bypass flow around the section or
sections of pipe designated for the liner process. Provide punp and bypass
| ines of adequate capacity to handl e the necessary fl ow

. 1.4 Pre-Lining O eaning

Prior to the man-entry or CCTV inspection and installation of the slip
|iner pipe, thoroughly clean the host pipe[s] designated to receive the
liner. Ceaning shall constitute renoval of all debris, solids, roots,
deposits, and other matter which woul d preclude proper installation of the
slip liner pipe and annulus grout. Performcleaning such that no damage
occurs to the host pipe. Handle water used for flushing and cleaning [the]
pipe[s] prior to slip liner systeminstallation to conply with regulatory
agenci es having jurisdiction regarding erosion prevention and sedi nent
control procedures for stormwater discharge

.1.5 Insertion and Pulling of Mandre

Prior to commencing any work, pull a mandrel through all host pipes too
smal |l or unsafe to enter in order to check for deformation, joint

defl ection or obstructions prior to ordering any pipe liner materials.
Host pi pes | arge enough and safe to enter may be verified through
man-entry, nmandrel or both at the Contractor's discretion

a. The mandrel length of liner pipe shall be equal to the liner pipe joint
length.

b. The nmandrel shall have an outside dianmeter not |ess than that of the
proposed slip liner pipe plus 2-inches, shall be equal to the pipe
joint length of the liner pipe to be installed and shall have a
stiffness equal to or greater than that of the slip liner pipe. Wen a
segnment of slip liner pipe is used as a mandrel, it shall not be used
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3.

as a permanent slip |iner pipe.
2 EXCAVATION

Performwork utilizing existing points of entry including headwal | s,
manhol es, etc. Excavation along the length of the host pipe (between

headwal | s/ manhol es) is strictly prohibited. 1In the event that it becones
necessary to perform an excavation, obtain witten confirmation that an
excavation is warranted fromthe Contracting Officer. |f an excavation is

requi red, excavations shall be ninimal and conply with |ocal, State, and
Federal regulations. Repair any excavation of |evee material according to
[ USACE regul ati ons][Section 31 00 00 EARTHWORK] regardi ng acceptable fil
mat eri al, benching and conpaction requirenents.

.3 INSTALLATION

.3.1 General

a. Restore project site to original condition prior to final paynent.
Include the cost to repair all damages resulting fromthe work in the
base bid.

b. Point repairs, deemed necessary at any point on the existing
pipeline prior to slip lining shall be approved by the Contracting
Oficer prior to start of work, require locating the insertion pit at
the point repair |ocation.

c. Locate and identify all connections, excavate, and disconnect prior to
the slip line pipe insertion. Upon conpletion of insertion of the slip
line pipe and a 24-hour pipe relaxation period, expedite the
reconnection of cross connections as quickly as possible. Provide for
tenmporary punping and/or control of flow fromeach connection until
final reconnection has been performed. Connections are to be reopened
and trinmed to a neat, clean opening concentric with the connection
pipe in a nanner that provides a water tight seal between the |iner
pi pe and the connection pipe.

d. In all instances, the liner pipe shall be a fixed dianmeter and shal
not be expanded intentionally or otherw se.

e. Maximum and mininumlay |engths shall be in accordance wth
manuf acturer's requirenents and any constraints based on work limts
[as prescribed by the Contracting O ficer].

f. Insertion nmay proceed from either upstreamor downstream as suitable
access is available.

g. Use sub-aqueous pipe lubricant neeting the specifications of ASTM C497N
ASTM C497 Section 12 in accordance with pi pe nanufacturer's
installation instructions. Use only lubricants approved by the pipe
manufacturer.

h. Use caution to prevent jagged edges from damaging the slip |iner pipe
during insertion when the invert of host pipe has deteriorated
significantly. |In such cases, describe in the work plan how damage to
the host and liner pipe[s] will be prevented using guide rails, pipe
i nvert paving, or other applicable nethods.

i. Consider thermal expansion/contraction effects such that the ends of
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the slip liner pipe are flush with the existing headwal |/ manhol e to
within 12 mm 0.5 inch. Were a slip liner pipe neets a gatewell or
flapgate, the slip liner pipe cannot project beyond the end of the host
pi pe. Reasonable attenpts shall be nade to achieve a flush surface
between the slip liner pipe and the host pipe. Delay trinmng of the
liner pipe[s] for 28 days after conpletion of grouting.

Take necessary precautions to maintain |line and grade of the host pipe
and avoid flotation of the liner pipe. Construct all blocking, if
used, of inert, non-ferrous material, and install in accordance with
manuf acturer's reconmendati ons.

Drilling holes in the slip liner pipe for any reason is prohibited.

Prior to grouting, visually inspect all slip liner pipe joints to check
the integrity of joints and verify that the liner has not been danaged
during installation. Repair if needed using liner nanufacturer's
recommended procedure.

Sealing at manholes, if applicable: A tight seal is required at
manhol es, openi ngs, or abutnents with no annul ar gaps. Rebuild
manhol es between linear ends resulting in a smooth, continuous flow
line through the manhol e.

At the conpletion of construction the exposed ends of [the][all] slip
lined pipe[s] shall have a clean, finished | ook with no visible signs
of grout vents, injection tubes, etc.

Machi ne Spiral Wund PVC Pi pe

Install nachine Spiral Wound PVC Liner Pipe in accordance with

ASTM F1741, manufacturer's recomendati ons and the provisions of this
Section. In the event of a conflict, the nost restrictive of the three
shal | govern.

No nechani cal pulling or pushing force (such as backhoe bucket or w nch
cable) shall be exerted on the ends of the pipe during installation.

In all instances, the liner pipe shall be a fixed dianeter and shal
not be expanded intentionally or otherw se.

Solid-wall High Density Polyethyl ene Pipe (HDPE)

Install Solid-Wall High Density Polyethylene (HDPE) Liner Pipe in
accordance wi th ASTM F585, nmmnufacturer's recomendati ons and the

provisions of this Section. 1In the event of a conflict, the nost

restrictive of the three shall govern

Allow the installed pipe to relax and cool following installation in
accordance with manufacturer's reconmended tinme, but not |less than 24
hours, prior to any reconnection of lines, grouting of the annulus, or
backfilling of the insertion pit. Staged grouting is essenti al
especially for larger dianeter pipes, in order to keep thernal
expansion | ow and to prevent a reduction in the pipe dianeter.

The slip liner pipe shall be free of foreign inclusions and visible
defects such as cracks, creases, unpignented or nonuni formy pignented
pi pe. Cut the ends of the pipe squarely and cleanly so as not to
adversely affect joining or connecting. Field cuts shall be de-burred
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. 3.

6

and free of defects.

Sections of slip liner pipe shall be joined and inserted into the host
pi pe until a continuous liner pipe is created along the entire length
of the host pipe, in accordance with pipe nmanufacturer's
recommendations.

d ass Fi ber-Reinforced Plastic Pipe

Install d ass Fiber-Reinforced Plastic Liner Pipe in accordance wth
ASTM D3839, manufacturer's recomendati ons and the provisions of this
Section. In the event of a conflict, the nost restrictive of the three
shal | govern

Bul kheads for Annulus Gouting

Once the slip liner pipe has been installed; construct bul kheads in
sequence fromupstreamto downstream at the end of each pipe segnent;

i ncluding gatewel |l s and nmanhol es | ocated internedi ately al ong the pipe
length to be slip Iined. The bul khead shall have a minimum | ength
neasured along the long axis of the pipe of 300 nm1 foot, or the

t hi ckness of the headwal |, whichever is greater. The |engths of
grouting ports shall be staggered such that the entire run of the pipe
can be conpletely grouted.

Shop drawi ngs shall include all |ocations of the grout/air ports and
sketches of the proposed bul kheads, as well as the | engths of each
grouting port. Shop drawi ngs shall include manufacturer's literature
for accessories and formcoating materials. Subnit the proposed
mat eri al s, di nensions, |ocation of grout injection ports, vent tubes,
etc.

Construct bul kheads a mi ni mum of 24 hours after the conpletion of the
slip liner insertion process to allow for thernmal equilibrium between
the slip liner pipe and the host pipe conditions and at nost 72 hours
after conpletion of the slip liner insertion process to mnimze the
exposure of the annulus to debris froma rainfall event. The annul us
shall be cleaned if a local rainfall event or a river flooding event
partially or wholly subnerges the pipe prior to bul khead construction

Pl ace vent holes at the crown and the invert in the downstream

bul khead. An access hole, sized to facilitate the nmethod of grout

i nput and an air vent shall be placed at the crown in the upstream
bul khead. The vent holes in the downstream bul khead are plugged as
soon as grout begins to flow out each hole. The air vent in the
upstream bul khead is kept clear until grout begins to flow out of the
vent.

The bul kheads shall be hand-finished to a professional quality
appearance. After a curing period and pressure washi ng of the
headwal | s, a Sol ubl e Reactive Silicate Concrete Treatnment Product shal
be applied over the entire headwal | surface, including the bul kheads.

Annul us Grouting

Fol I owi ng construction of the bul kheads, fill annul ar space w th grout
between the I D of the host pipe and the OD on the liner pipe.

a.

Notify the Contracting Officer at |east 24 hours in advance of grouting
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operations.

Grout the pipe fromdownstreamto upstream unless prohibited by
access, along its entire length with cenmentitious grout. Place the
grout by either gravity flow or by |ow pressure punping to conpletely
fill all voids within the annul ar space w thout causing defornation of
the liner. The grout extends the full length of the pipe.

Ensure the liner pipe maintains the designed Iine and grade while the
annulus grout is placed in uniformlifts. Place annulus grout in lifts
of [ ] to avoid floating of the Iiner and to ensure a uniform grout
thickness.

The gauged grout pressure at the pipe shall not exceed that of the pipe
manuf acturer's recommendati on or 35 kPa 5 psi, whichever is smaller
Regardl ess of the pressure, the Contractor is solely responsible for
any damage or distortion to the slip liner pipe due to grouting.

Remove water in annular space i mediately prior to grout punping to
mai ntain the correct water-cenment ratio of the grout mixture.

Drilling of additional injection holes fromthe surface or through the
liner pipe to facilitate grouting is prohibited.

Continue injection of grout until all of the follow ng conditions have
been achi eved unl ess ot herw se approved by the Contracting O ficer:

(1) The estimated volune of grout has been injected, as neasured at
t he punp.

(2) The exhausted grout recovered at each vent is between 85 and 115
percent of the density of the freshly injected grout.

No hardened grout is pernitted in the liner pipe invert after
conpl etion of grouting operations.

When col d weather grouting is performed (tenperature is between 0-5
degrees C 32-40 degrees F during and after grouting) the follow ng
condi tions shall be mnet:

(1) Tenperature of the grout mx nust be 15 degrees C 60 degrees F or
hi gher at the time of punping.

(2) The use of insulation/concrete blankets over areas of the |evee
behi nd the headwal | s where the nini num cover above the frost |ine
is not net for a period of seven days.

Col d weat her grouting when the tenperature is below 0 degrees C 32
degrees F during and after grouting the followi ng conditions shall be
met:

(1) Tenperature of the grout mx nust be 15 degrees C 60 degrees F or
hi gher at the time of punping.

(2) The use of insulation/concrete blankets over areas of the |evee

behi nd t he headwal | s where the m ni mum cover above the frost |ine
is not net for a period of seven days.
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3.

(3) The use of an internal heater in the pipe that does not exceed
the pipe's maxi mum | ocalized tenperature for the first 24 hours
after grouting.

4 TESTI NG AND ACCEPTANCE
4.1 Rework

Renove any material that has not received prior approval fromthe
Contracting Oficer or is not accepted as suitable work by the Contracting
Oficer and replaced or repaired to the satisfaction of the Contracting
Oficer with an approved nethod/ material at the Contractor's sol e expense.
Materials left in place, but not neeting these Specifications, will be paid
for at a reduced price.

. 4.2 Grout Testing

.4.2.1 Density

Conduct field grout density testing on non-structural grout only. Measure
density in accordance with ASTM C138/ C138N not |ess than two times per hour
inthe field during grouting operations. Gout that exceeds +48 kg/cubic
meter =3 | b/cubic foot of the design density shall be rejected.

.4.2.2 Conpressive Strength

Engage the services of an independent, ASTM AASHTO accredited testing
| aboratory to collect and test speci nens associated with the strength
requirenents of this Section.

.4.2.2.1 Structural G out

a. Collect, transport, cure, test and report sanples in accordance wth
ASTM C942, except as stated bel ow

b. Contrary to ASTM C942, collect and test speci nens based on the nore
restrictive of the following criteria:

(1) One specinmen (consisting of one, 3-gang nold) for each grouting
event for each pipe collected at approxi mately the m d-point of
the grouting operations.

(2) One specinen (consisting of one, 3-gang nold) for each 14 cubic m
500 cubic feet of grout placed for each pipe.

c. Test all specinmens for conpressive strength at 28 days. Additional
speci nens and tests nay be perforned at the Contractor's discretion.

.4.2.2.2 Nonstructural G out

a. Collect, transport, cure, test and report sanples in accordance wth
ASTM C495/ C495M.

b. Collect four specimens (75 nmx 150 mm 3 inch x 6 inch cylinders) for
each pipe at approximately the m d-point of the grouting operation.

c. Test all specinmens for conpressive strength at 28 days. Additional
speci mens and tests may be perfornmed at the Contractor's discretion.
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d. Tests and conpani on speci nens associated with oven-dry unit weight (
ASTM C495/ C495N Item 9) are not required.

3.4.3 Accept ance | nspection

After all work is conpleted, performan inspection of [the][each] pipe that
received a pipe liner, docunenting the post-installation conditions. For

pi pes | arge enough and safe to enter, a wal k-through inspection with
digital photography is preferred when confined space entry procedures are
followed. Small or unsafe pipes shall be inspected using CCTV. Subnmit the
Post-Installati on CCTV Recordi ngs and Report Logs and/or Post-Installation
Di gi tal Phot ographs and Report Logs.

a. Infiltration of ground water or annular grout through the Iiner pipe
will be a basis for non-acceptance.

b. Al connections shall be accounted for and be unobstructed.
3.4.3.1 Defects

Al'l defects discovered during the post-installation inspection shall be
corrected before the work under the Contract will be considered for
Substantial Conpletion. After the defects, if any, are corrected in
accordance with manufacturer's reconmmendations, the affected pi pe segnents
shal |l be inspected a second tine as a followup inspection. Al followup
i nspections will be performed by the Contractor, and all costs associated
with such foll ow up inspections associated with the correction of work
shal | be borne by the Contractor

3.4.3.2 Fi nal Acceptance
Provide final digital photographs and/or video and report logs to the
Contracting Oficer for review and approval of finished work for
[the][each] pipe slip lined prior to receiving final paynent.

3.5 MAINTENANCE

Submit manufacturer's recomendations for care and nai ntenance upon
conmpl etion of installation.

-- End of Section --
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