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NOTE: This guide specification covers the

requi renents for the procurenent, installation, and
testing of slip lining for existing piping within

| evees only. Qher specifications are avail able
that cover the specific slip lining technol ogies
provided here. It is encouraged to provide this
specification to non-federal |evee sponsors as an
exanpl e to be used on rehabilitation projects
associ ated with | evee systens.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format 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 informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R I R R S I R R I R I R S R R R R R S I R R I R R R R R R R R

PART 1 GENERAL

1

1 SUMVARY

This section of the specification discusses the requirenents and work
needed to rehabilitate existing gravity pipes in a |levee systemrelated to
pipe liner materials, bulkheads, annul ar space grouting between the host
and |iner pipe, performance testing, |abor, and other materials and

equi prent necessary to acconplish the work as stated herein

Rehabilitation will nost often consist of installing a |iner pipe within
an existing host pipe and grouting the annul ar space, but in sonme cases a
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1

close-fit or spray-on liner may be used which will render grouting
unnecessary. The term"slip lining" is generic within this specification
and includes sectional (HDPE, GFRP,) spiral-wound PVC, close-fit (ClPP
fold and fornm, and spray-on (cenentitious, epoxy) liners. Although slip
[ining | evee punp station discharge pipes may be possible, this
specification will not endorse a material or nethod for it or any other
pressurized pipe system Submt details of the proposed slip lining

mat eri al s and nethods, including any necessary appurtenances for approval.

.2 MEASUREMENT AND PAYMENT

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

i nspection, sheeting, water control, installation, safety, dust/erosion
control, testing, site restoration and all other work specified or not
which is reasonably required to provide a conpleted installation. Itens
not specified are considered incidental to the work. Include al

i ncidental cost in the bid price for the slip liner

3 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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 organization, 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.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

ASTM | NTERNATI ONAL (ASTM
ASTM C138/ C138M (2023) Standard Test Method for Density

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

ASTM C150/ C150M (2022) Standard Specification for Portland
Cenment
ASTM C403/ C403M (2023 ) Standard Test Method for Time of

Setting of Concrete M xtures by
Penetrati on Resistance
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ASTM C581 (2020) Standard Practice for Determ ning
Chemi cal Resistance of Thernosetting
Resins Used in d ass-Fi ber-Rei nforced
Structures, Intended for Liquid Service

ASTM C939/ C939M (2022) Standard Test Method for Fl ow of
Grout for Prepl aced- Aggregate Concrete
(Fl ow Cone Met hod)

ASTM C942/ C942M (2021) Standard Test Method for
Conpressive Strength of Grouts for
Pr epl aced- Aggregate Concrete in the
Laborat ory

ASTM D2412 (2021) Standard Test Method for
Det ermi nati on of External Loadi ng
Characteristics of Plastic Pipe by
Paral | el - Pl ate Loadi ng

ASTM D3212 (2020) Standard Specification for Joints
for Drain and Sewer Plastic Pipes Using
Fl exi bl e El astoneric Seal s

ASTM D3262 (2020) "Fi bergl ass"
(d ass- Fi ber - Rei nf orced
Ther nosetti ng- Resi n) Sewer Pipe

ASTM D3350 (2021) Pol yethyl ene Plastics Pipe and
Fittings Materials

ASTM D3681 (2012; E 2014) Standard Test Method for
Chemi cal Resistance of “Fibergl ass”
(4 ass—Fi ber —Rei nf or ced
Thernosetting-Resin) Pipe in a Deflected
Condi tion

ASTM D3839 (2014) Standard Guide for Underground
Installati on of "Fi bergl ass"”
(4 ass- Fi ber - Rei nf or ced
Ther noset ti ng- Resi n) Pi pe

ASTM D4161 (2014) "Fibergl ass"
(d ass- Fi ber - Rei nf or ced
Ther nosetti ng- Resin) Pipe Joints Using
Fl exi bl e El astoneric Seal s

ASTM F477 (2014; R 2021) Standard Specification for
El astoneric Seals (Gaskets) for Joining
Pl astic Pipe

ASTM F585 (2016; R 2021) Standard Cuide for
Insertion of Flexible Polyethylene Pipe
into Exi sting Sewers

ASTM F1735 (2021) Standard Specification for Poly
(Vinyl Chloride)(PVC) Profile Strip for
PVC Liners for Rehabilitation of Existing
Man-Entry Sewers and Conduits
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ASTM F1741 (2008; R 2016) Standard Practice for
Installati on of Machine Spiral Wund Poly
(Vinyl Chloride) (PVC) Liner Pipe for
Rehabi litati on of Existing Sewers and
Condui ts

ASTM F1743 (2016) Standard Practice for
Rehabi litati on of Existing Pipeline and
Conduits by Pulled-l1n-Place Installation
of Cured-In-Place Thernosetting Resin Pipe
(ClPP)

ASTM F2019 (2011) Standard Practice for
Rehabi litati on of Existing Pipelines and
Conduits by the Pulled in Place
Installation of @ ass Reinforced Plastic
(GRP) Cured-in-Place Thernosetting Resin

Pi pe (Cl PP)

ASTM F2620 (2020a; E 2021) Standard Practice for Heat
Fusi on Joi ni ng of Pol yet hyl ene Pi pe and
Fittings

ASTM F3190 (2021) Standard Practice for Heat Fusion

Equi prent (HFE) Operator Qualification on
Pol yet hyl ene (PE) and Pol yni de (PA) Pipe
and Fittings

U S. ARMY CORPS OF ENG NEERS ( USACE)

EM 385-1-1 (2024) Safety -- Safety and Health
Requi r enent s Manual

EM 1110-2-1601 (1991; 1994 Change 1) Engi neering and
Desi gn -- Hydraulic Design of Flood
Control Channel s

.4 ADM NI STRATI VE REQUI REMENTS

4.1 Pre-Install ati on Conference

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

scope-val idation neeting, including potential Sub-Contractors, and

Contracting O ficer to facilitate conmon agreenent and understandi ng of

the work to be perforned. At this time, supply the resunes of

Sub- Contractors, project superintendent or project nanager to the

Contracting O ficer or be elimnate from consideration.

4.2 Detail ed Wrk Pl an

Submit a Detailed Wrk Plan not |ess than 30 days prior to comrencenent of
work. The plan includes but is not linmted to the follow ng:

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

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

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

e. Specify all mandrel dinensions for each pipe to be slip |Iined

f. Details for procedures of area requiring special construction
t echni ques

g. Proposed nmethods for water flow control or diversion during the slip
lining process

h. Proposed access and stagi ng area[ s]

i. Proposed nethod for permanently or tenporarily pluggi ng and
re-establishing | ateral connections to the pipe to be slip lined when
appl i cabl e

j. Joints, gaskets, proposed resins, coatings, | ], and ot her
pertinent information as applicable

k. Dates of excavation and pipe placerment, along with proposed work hours

. Method for preventing danage to the host and |iner pipe[s] using guide
rails, pipe invert paving, or other applicable nmethods when the invert
of the host pipe has deteriorated significantly

m Method for waste grout recovery

n. Detailed plan for addressi ng buoyant forces of the |liner pipe during
grouting

0. Health & Safety Plan in conpliance with applicable portions of
EM 385-1-1.

p. Manufacturer's recomendation regardi ng nethods for repair of danage
to liner pipe following installation

g. List of proposed subcontractors with qualifications and work history

r. Witten confirnmation that the grouting procedures have been
coordinated with the grout installer

. 4.3 Sequenci ng and Schedul i ng

Installati on can not proceed until the contractor's Construction Progress
Schedul e has been approved. The Contracting O ficer must be provided 72
hours notice prior to placing liner pipe[s]. Do not proceed with slip
lining operations for pipes that are likely to reach gauge operation
elevation within 5 days as forecast by the National Wather Service.
Sequence work to mnimze stoppages as a result of high water. In the
event high water threatens to inundate a |ined pipe prior to annul ar
grouting, make every effort to conplete the bul kheads and plug all holes
t hrough t he bul kheads or otherw se prepare the project so no water enters

t he annul ar space. |In nost cases, the majority of water can be drained
and any remaini ng water "pushed" out during the grouting process, but the
Contracting Officer will determine if any special effort to clean the

annul ar space is required and to what degree.
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.5 SUBM TTALS
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NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
and Air Force.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability CQuiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCCEDURES.

Choose the first bracketed itemfor Navy and Air

Force projects, or choose the second bracketed item
for Arny projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-01 Preconstruction Subnittals

Superi ntendent and Contractor Qualifications; G DO

Grout Contractor Qualifications; G DO

Pi pe I nspection Procedures; C, DO

Construction Progress Schedule; G DO

CCTV Recordi ngs and Report Logs; C, DO
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1.

1.

Di gi tal Photographs and Report Logs; G, DO
Detailed Wrk Plan; C DO
Anal yses and Cal cul ations; G, DO
Bul khead M x Design; G, DO
Gout Trial Mx Tests; C DO
Pre- And Post-Slip Lining Conveyance Capacity; C, DO
SD- 02 Shop Drawi ngs
Bul kheads; C[, [__ 11
SD- 03 Product Data
Liner Pipe; ¢, [___ 1]
Sol ubl e Reactive Silicate Concrete Treatnment Product; C, DO
W Protection; C DO
SD- 05 Design Data
Conveyance Capacity; C[, [ 11
Downst ream Scour Protection; ¢, |
Structural Properties; ¢, |
SD-06 Test Reports
Annul ar Space G out Test Reports
SD-10 Operation and Mi ntenance Data
Mai ntenance; C[, [_ 11
SD-11 C oseout Subnmittals
Manuf acturer's Warranty; C, DO
Post-Installation CCTV Recordi ngs and Report Logs; C, DO
Post-Installation Digital Photographs and Report Logs; G, DO
6 QUALI TY ASSURANCE
6.1 Qualifications and Supervision
Submit Superintendent and Contractor Qualifications for slip lining pipe
lining systenms for at least [ ] years. Provide a superintendent on

site at all tines and with full authority to direct the neans, nethods,
equi prent, and personnel and performance of the work.
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6.2 Grout Contractor Qualifications

Subnit Grout 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 f or
grout m x design requirenments.

.7 DELI VERY, STORAGE, AND HANDLI NG

Pi pe sections are to be handled and stored in such a way as to prevent
danmage to the pipe or creating a safety hazard to workers; this includes
using restrai ning neasures to prevent uncontrolled rolling or dropping.
Handl e and store in accordance with the manufacturer's published
recommendati ons. Reference paragraph LINER PIPE for lists actions for
damaged pi pe secti ons.

.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.

2.

1 DESI GN REQUI REMENTS
1.1 Conveyance Capacity

Meet or exceed the conveyance capacity of the host pipe with the |iner

pi pe, while maintaining a mnimmr 25-nmr 1-i nch wi de annul ar space between
the host and liner pipes (for systens requiring grouting), unless a
government -revi ewed and approved study indicates a reduced capacity is

allowed. In sone cases, the capacity can be increased with inprovenents
to the entrance geonetry, but any such inprovenments nust be submitted for
approval. Submit all pre- and post-slip |ining conveyance capacity

cal cul ations for approval, including supporting information for

assunpti ons.

1.2 Downst r eam Scour Protection

Verify the existing scour protection is sufficient to prevent erosion at
the outlet of slip |ined pipes (understanding that slip lining a pipe
usual ly increases the outflow velocity), or determi ne the new naterials
needed using current design gui dance, such as EM 1110-2-1601, to prevent
er osi on.

.1.3 Design Criteria

Furnish a slip liner pipe systemdesigned by a |icensed professiona

engi neer neeting the standards outlined in the foll ow ng sub-paragraphs.
Submit cal cul ati ons of the system s structural properties prior to
construction. Support all assunptions utilized in calculations with
product data, test reports, or referenced publications.

a. Structurally design the new slip liner pipe systemusing the fully
fl ood-| oaded | evee el evation to establish external hydrostatic
pressure. The Contractor can submit a request to the Contractor
Oficer to lower the design loading for circumstances such as a pipe
within highly plastic clays subject to brief |oadings, or portions of
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pipes that fill with flood water and provi de equalization and pressure.

b. Design the new slip liner pipe systemfor maxi mum5 percent ovality
and a maxi mum al | owabl e 1 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. Perform
separ ate buckling anal yses for the pressures associated with grouting

t he annul ar space and for a full hydrostatic |oading. |Ignore the
cross-sectional shape distortion of the host pipe in the buckling
anal ysi s.

2.1.4 Analysis and Cal cul ations

Submit detail ed anal yses and cal cul ations, stanped by a licensed P.E , not
| ess than 30 days prior to comrencenent of work. Denonstrate suitable
application of products based on the follow ng paraneters:

a. Deflection

b. Confined buckling (for both the grouting case and the full flood | oad
case)

c. Long-termhydrostatic buckling (nay be avail able fromthe pipe
manuf act urer)

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 fromthe host pipe

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

g. Buoyant force calculations during grouting
h. Gout mx designs per the requirenments stated herein
i. Initial set tine of grout

j. Estimated grout volune for each grouting stage to prevent buoyancy of
the liner pipe and/or the volune of water required to counteract
buoyancy in the event that the |iner pipe floats and i npacts the
design flow of the pipe. Witer can be used within the liner pipe to
wei gh down the floated sections before the grout sets.

k. The maxi mum grout injection pressure as |imted by the pipe
manuf act urer.

2.2 LI NER PI PE

Standard pipe lining materials include: solid wall H gh Density

Pol yet hyl ene Pi pe (HDPE), Machi ne Spiral Wund Poly Vinyl Chloride (PVC
Pi pe, and d ass Fi ber-Reinforced Plastic Pipe (G-FRP). Cose-fit liners
such as cured-in-place-pipe (CIPP), fold and form PVC, and cenentitious or
epoxy spray on liners, are generally considered | ess desirable since they
do not provide an annul ar space for grouting and may therefore only be
used in cases where the host pipe has not experienced penetrating
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2.

2.

2.

defects. The governnent will decide if close-fit liners are suitable
based on the condition of the host pipe as determnined using the
post - cl eani ng camera i nspection recording.

a. Select liner pipe mterial to ensure that the anticipated maxi mum
t hermal expansion or contraction does not interfere with closure
devices or allowthe liner to retreat into the host pipe past the
headwal | throughout the range of anbient air tenperatures anticipated
during the service life of the liner pipe[s]. Assune anbient air
tenmperatures for this itemto range from[__ ] degrees CF to [__ ]
degrees C F.

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

NOTE: Determining the tenperature linmts is
somewhat specul ative and using the extrene air
tenmperatures for the area may be overly conservative
considering the potential for |atent heat/cooling
fromthe ground and static air due to closed gates.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

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

c. Pipe liner materials other than those stated bel ow may be subnmitted
for consideration and approval by the Contracting O ficer based on
neeting the design requirenents as stated herein

d. Repair slip liner pipes with cuts, gashes, nicks, abrasions, or other
physi cal damage deeper than 10 percent of the wall thickness to the
CGovernment's satisfaction or replace at no additional cost to the
CGovernment. Pipes sections containing cracks or fractures that
penetrate the full depth of the wall thickness will be rejected and
repl aced at no cost to the government.

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 F1735. Exposed ferrous elenents on the outer side of the liner pipe
are only allowed in cases where the annul ar space will be grouted.

2.1.2 Joints

a. The male portion of the joint is formed into one side of the profile
of the PVC strip while the fermale portion is formed into the other
side so they create a waterti ght seal when nechanically interlocked as
it is wound into place. A sealant [may][nust] be used to suppl ement
the joint as [pernitted][recomended][required] by the manufacturer.

b. Once wound into place within the host pipe, the spiral wound liner is
not to be intentionally or otherw se expanded or contracted to change
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its dianeter.
. 2.2 Solid-wall High Density Polyethyl ene Pipe (HDPE)
.2.2.1 Pi pe

a. Mnufacture pipe and pipe fittings fromhigh density conpounds in
accordance with ASTM D3350, with a m ni mum desi gnation of PE 3408, a
m ni mum cel |l classification of 345464C, and a mi ni mrum St andard
Di nensi on Ratio (SDR) of 32.5.

b. Provide solid wall pipe wth a snmooth interior and exterior with no
corrugations or exposed ferrous el enents.

c. Mark each pipe segnent on the inside and outside with a coded numnber
which identifies the manufacturer, SDR, size, materials, machine, date
and shift on which the pipe was extruded.

.2.2.2 Joints

a. Butt-fuse joints in accordance with ASTM F2620 and the nanufacturer's
recomendations or join into a continuous | ength by an interl ocking
nmet hod (typically proprietary) neeting the requirenments of ASTM D3212.
Screw-type or threaded joints will not be allowed unless a positive
lock is included in the joint systemor the exterior perineter of the
joint is extrusion welded prior to insertion

b. Any external beads greater than 6 mr 0.25 inch in height as a result

of butt-fusion welding at a joint will require that the correspondi ng
internal bead be trimmed. External beads resulting frombutt fusion
need not be trimred unless 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 Pi pe
Provide centrifugally cast glass-fiber-reinforced (includes
t hernosetting-resin and polyner nortar) plastic pipe in accordance with

ASTM D3262, cell classification Type 1, Liner 2, Gade 3.

a. Provide mninmum pipe stiffness of [ ] kPa psi when tested in
accordance with ASTM D2412.

b. Provide glass consisting of a comercial grade of E-type glass fibers
with the ampbunt, | ocation and orientation of the chopped gl ass-fiber
rei nforcement specifically designed for each application

c. Sand nust be m nimum 98 percent silica kiln-dried and graded.

d. Provide polyester wall resin that is an isophthalic, orthophthalic or
ot her approved resin with a mnimumtensile elongation of 2 percent.

e. Show by testing that the fiberglass liner is resistant to | ong-term
corrosion. Performtesting in accordance with ASTM D3681 using 1.0N
sul furic acid for sanitary sewage, and ASTM C581 for industrial sewage.

f. Mark each pipe segnent on the inside and outside to identify the

manuf acturer's nunber, dianeter, stiffness, ASTM designation and | ot
numnber .
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2.

2.

2.3.2 Joints

a. Provide pipe with joints designed so the internal dianmeter of the pipe
is not decreased at the joint.

b. Meet the performance requirenments of ASTM D4161. Field connect
pipe[s] with lowprofile, fiberglass bell-spigot joints or flush
fiberglass bell-spigot joints, so that there is no less than 25 mr 1
i nch of annul ar space between the outside face of the joint and host
pipe. Utilize elastoneric sealing gaskets, neeting the requirenents
of ASTM F477, as the sole means to maintain joint water-tightness.

2.4 Cured-1n-Pl ace Pipe (ClPP)

It is recoomended that CIPP be used prinmarily as an option to extend the
life of a pipe that has no penetrating deterioration or at |east no
appreaci abl e soil loss, or for applications with I[imted access. CIPP is
not reconmended in cases where soil loss is substantial or indetermnate.
Provide CIPP liner material manufactured in accordance with ASTM F1743 or
ASTM F2019. Protect liners that conformto ASTM F2019 from UV exposure
over the lifetinme of the Iiner materi al

.2.5 Sprayed-1 n-Pl ace Pi pe (SIPP)

It is recoomended that SIPP be used prinmarily as an option to extend the
life of a pipe that has no penetrating deterioration or at |east no
appreaci abl e soil loss, or for applications with I[imted access. SIPP is
not recommended, and may be prohibited, in cases where soil loss is
substantial or indeterminate. Provide liner material manufactured in
accordance with ASTM F3190ASTM F3182. Liners that contain pol yurea or

pol yur et hanes wi th net hyl ene di phenyl diisocynate contain isocyanates and
are prohibited.

.2.6 UV Protection

For all slip liner pipes constructed of materials that are not W
stabilized that will be exposed to W light, apply receive a field-applied
coating on the end and interior surface of the pipe to resist
deterioration fromultraviolet radiation. Apply the UV protective coating
(white or light colored preferred) fromthe cut end of the pipe to a

di stance inside the pipe equal to two times the inside diameter of the

I iner pipe. Touch up nicks, scratches and mnor abrasions to the coating
inthe field following final installation

.3 GROUT MATERI ALS AND M XES

. 3.1 Grout For Annul ar Space

Provi de grout for the annular space in accordance with this Specification
and with the pi pe manufacturer's published recommendati ons, using the nore
stringent of the two when conflicting. |If the chosen pipe Iiner cannot
nmeet the mninmumfactor of safety against bendi ng, buckling or crushing on
its own, then a structural grout nust be used so the combination of these
two el ements can achi eve the mni mum factor of safety requirenents.
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. 3.2 M x for Annulus Grouting

.3.2.1 Cenment

Conply with ASTM C150/ C150M.

.3.2.2 \Wat er

Use only potable water to prepare grout.

.3.2.3 Adm xt ur es

Sel ect adm xtures to neet performance requirenments, inmprove punpability,
control shrinkage, set tine, and reduce segregation. Do not use
bi odegr adabl e admi xt ur es.

.3.2.4 Conpressive Strength

.3.2.4.1 Structural G out

Use the grout 28-day conpressive strength deterni ned necessary for the
pi pe and grout conposite design.

.3.2.4.2 Non-structural G out

No mi ni mum conpressive strength has been assigned for non-structural
grouts.

.3.2.5 Consi deration for M x Design

Design a grout mx and installation procedure to conpletely fill the
annul ar space based upon, but not restricted to the Iist below, such that
the slip liner pipe will not float (either by external restraint or

internal weighting). Maintain an appropriate viscosity based on the

maxi mum di stance of flow required 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. Volunme of annular void

b. Mnimumstrength to achi eve the design requirenents as stated herein
c. Retarder adm xture for extended placenent tines

d. Shrinkage-reducing admi xture to linmt shrinkage to 1 percent by vol une

e. Distance between grout injection ports

f. Heat of hydration conpatible with pipe material in accordance with
pi pe nanufacturer's reconmendation

.3.2.6 M xers and Punps

M x the materials in equi pnent of sufficient size and capacity to provide
t he desired amount of grout material for each stage of the grouting
operation. Mx 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 m x tank]. Provide
equi prent capabl e of mixing the grout at densities required for the
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approved procedures and al so be capabl e of changing nm xi ng paraneters as
dictated by field conditions at any tine during the grouting operation

.3.2.7 Pressure Gauges

a. Provide pressure gauges that are suitable for use in a grouting
envi ronnent and have a working range between 1.5 and 2.0 tines the
maxi mum desi gn grout pressures, and have accuracy within 0.5 percent
of full range.

b. Provide, at a mninmum one pressure gauge at the point of injection
t hrough the bul khead and one pressure gauge at the grout punp.

.3.3 Grout Trial Mx Tests

a. Structural Gout: Provide Gout Trial Mx Test Results with
vi scosity, density, and 28-day m ni mum conpressive strength. Also
provide the grout working tine before a 15 percent increase in
Vi scosity occurs.

b. Non-structural Grout: Provide Grout Trial Mx Test Results with
viscosity, density,and estimated initial set tine to be used for
subsequent |ift placement timng. Also provide the grout working tine
before a 15 percent increase in density or viscosity occurs.

.3.4 Bul khead Concrete

Design a dry-pack concrete mx to forma bul khead at each end of the pipe
to retain the annular grout. Submt the bul khead m x design for

approval. Low slunp concrete nust consist of cenent, fine and coarse
aggregate, water, and an air-entraining adm xture. Thoroughly conpact
concrete into the prepared void by tanmping, rodding, rammng, etc. Forms
may be used to confine the concrete. The tenperature of the in situ
concrete (i.e., headwall or gatewell structure), adjacent air, and

bul khead concrete nust be above 4 degrees C 40 degrees F during placenent.

PART 3 EXECUTI ON

3.

1 PREPARATI ON AND | NSPECTI ON

The Contracting Oficer is not responsible for and nmakes no guarant ees
regarding the infornmation, data, and physical condition of underground
facilities or existing pipe[s]. Subnmit pipe inspection procedures to

| ocate breaks, obstacles and connections in pre-construction submttals
for approval. Note all connections and any conditions which may prevent
proper installation of the liner. Correct these conditions prior to liner
installation. Coordinate slip lining efforts with the Contracting Oficer
and the owner of the affected pipe. Submt the CCTV Recordings and Report
Logs and/or Digital Photographs and Report Logs to the USACE for approval
prior to pipe liner installation. Base the work plan on a thorough review
of the inspection video and/or digital photographs and report | ogs.

.11 Saf ety

Use renpote CCTV inspections for small dianeter or unsafe pipes, but

wal k-t hrough inspections with digital photography are preferred over
renote video inspections for pipes |arge enough and safe to enter when
confined space entry procedures are followed. Note any areas that nmay

i nvol ve entry and/or work in confined spaces and [address in][provide as a
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suppl enent to] the project Health and Safety Plan provi ded under Section
01 35 26 GOVERNVENTAL SAFETY REQUI REMENTS prior to ordering supplies or
perform ng work in these areas.

1.2 Water Contro

Submit the proposed neans and nethods as required to dewater the work area
and divert flowi ng water around the work area, including berm dinensions,
bypass pumnpi ng requirements (punp size as well as dianmeter and | ength of
lines), and a dewatering plan, so that the work area remains
satisfactorily dewatered to facilitate inspections, installation of the

Il iner pipes, and placenment of the grout.

. 1.3 Host Pi pe C eaning

Cl eaning the host pipe is required prior to final visual inspection and

installation of the slip liner pipe, but the host pipe should be visually
i nspected (by man-entry or CCTV canera) prior to cleaning to identify any
areas of concern for the cleaning process (penetrating corrosion exposing

erodabl e backfill or heavily corroded areas that nay excessively
del am nate during cl eaning) where there's a potential to danage the pipe
or the surrounding soil. Ceaning constitutes renpoval of all |oose debris
(soil, rocks, trash, etc.), roots, and other matter which woul d precl ude
proper installation of the slip Iliner pipe and annulus grout. Perform

cl eani ng such that no damage occurs to the host pipe. |If the integrity of

the host pipe is suspect, a test section should be cleaned and
re-inspected to see if damage to the pipe has occurred. Handle water used
for flushing and cleaning [the] pipe[s] prior to slip liner system
installation to conply with regul atory agencies having jurisdiction
regardi ng erosion prevention and sedi ment control procedures for storm

wat er di scharge

1.4 Insertion and Pulling of Mandre

Prior to insertion of the segnental |iner pipe segnents, pull a properly
si zed mandrel through the host pipe to check for adequate cl earances prior
to submitting the full materials order. Provide a properly sized nandre
with an outside diameter at |east 2.54 centineters2 inches greater than
the slip liner pipe, having a length no | ess than the segnment |ength of
the Iiner pipe, and having a stiffness equal to or greater than that of
the slip liner pipe. Provide a mandrel no less than 3 netersl0 feet |ong
for host pipes receiving a spiral-wound PVC liner. Any segnment of slip
liner pipe used as a mandrel is prohibited frombeing used as a pernmanent
slip liner pipe. |If the host pipe fails to allow the mandrel to pass, the
rehabilitation nethod will have to be redesigned.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The redesign could include a smaller |iner
pi pe dianmeter (as long as the conveyance mninmumis
net) or the use of non-segnental |iners such as
CIPP, fold-and-form or spray on |liners (assum ng
the strength mininumis net by thensel ves since
grout cannot be used with these liners).

EE R R R S I R R I R I R I R S R R R R S R I R I R I R R S R R S R R R

.2 EXCAVATI ON

The installation of a liner pipe is anticipated to only use existing
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points of entry such as headwal | s, manhol es, and gatewells, but there nay
be a need in unusual circunstances to gain access to the host pipe through
limted excavations along its length. Justify the need to excavate al ong
the Iength of the host pipe in witing and submit to the Contracting
Oficer for approval. Any excavation will be limted in scope to only
what is absolutely necessary to slip line the host pipe. Conply with

| ocal, State, and Federal regulations. Repair any excavation of |evee
material according to [ USACE regul ations][ Section 31 00 00 EARTHWORK]
regardi ng acceptable fill material, benching and conpaction requirenents.

.3 | NSTALLATI ON
.3.1 Cener al

a. Point repairs, deened necessary at any |ocation on the existing
pipeline prior to slip lining must be approved by the Contracting
Oficer prior to start of work.

b. Plug lateral lines according to the details submitted in the work
plan. 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 tenporary punping
and/ or control of flow fromeach connection until final reconnection
has been perforned. Connections are to be reopened, trimed, and
sealed to a neat, clean opening concentric with the connection pipe in
a manner that provides water tight seals on both ends of the
reconnection (between the Iiner pipe and the connection pipe and
bet ween t he connection pipe and the existing lateral line). This wll
requi re preci se nmeasurenents fromthe bul khead to the |latera
connection and careful trinmmng to prevent renoving nmaterial outside
t he connection area.

c. In all instances, the liner pipe nmust be a fixed dianeter and must not
be expanded intentionally or otherw se.

d. Provide naxi mumand mninmumlay | engths in accordance with
manuf acturer's requirenments and any constraints based on work limts
[as prescribed by the Contracting O ficer].

e. Insertion may proceed fromeither upstreamor downstream as suitable
access is avail able.

f. Use only sub-aqueous |ubricants approved by the pipe manufacturer

g. Correct conditions that would either prevent insertion of or cause
unaccept abl e danage to the liner pipe during insertion, such as bul ges
or jagged edges protrudi ng beyond the expected limts of the annul ar
space.

h. Consider thermal expansion/contraction effects such that the ends of
the slip liner pipe are flush with the existing headwal |/ manhole to
within 12 mr 0.5 inch. Were a slip liner pipe nmeets a gatewell or
flapgate, the slip liner pipe cannot project beyond the end of the
host pipe. Make reasonable attenpts 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.

i. Construct all blocking, if used, of inert, non-ferrous material, and
install in accordance with manufacturer's recommendati ons.
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Prior to grouting, visually inspect all slip liner pipe joints to
check the integrity of joints and verify that the liner has not been
danmaged during installation. Repair if needed using liner

manuf acturer's reconmended procedure.

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

The grout nust achieve '"initial set' before a succeeding grout |ift
can be placed so the additional vertical |oad does not transmt
additional lateral load to the pipe.

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

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

Machi ne Spiral Wund PVC Pi pe (Excluding close-fit)

Install machine Spiral Wund PVC Liner Pipe in accordance with

ASTM F1741, manufacturer's recommendati ons and the provisions of this
Section. In the event of a conflict, the nost stringent of the three
governs.

No mechanical pulling or pushing force (of the Iiner pipe (such as
wi th a backhoe bucket or w nch), other than that applied by the
purpose-built installation machine, is allowed.

In all instances, insert the liner pipe as a fixed diameter with no
subsequent expansion or contraction all owed.

Solid-wall High Density Polyethyl ene Pipe (HDPE)

Install Solid-VWall Hi gh Density Pol yet hyl ene (HDPE) Liner Pipe in
accordance with ASTM F585, nmanufacturer's recomendati ons and the

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

restrictive of the three governs.

Allow the installed pipe to relax and cool following installation in
accordance with manufacturer's reconmended tinme, but not |ess than 24
hours, prior to any reconnection of |ines, constructing the bul kheads,
or grouting the annulus. |Inject grout according to the work plan so
that the thermal [imt is not exceeded and the pipe does not becone
buoyant .

Reconnection of lateral lines is acconplished using relatively short

pi eces of pipe of the sanme type of HDPE naterial used to slip line the
mai n pi pe and of a proper diameter to fit the lateral |ine such that
grouting the annul ar space will not enter the lateral line. Extrusion
welding is required to mate the lateral line stub to the main slip

[ining pipe.

SECTION 33 01 98 Page 19



3.

3.

d. Provide slip liner pipe free of foreign inclusions and visible defects
such as cracks, creases, unpignented or nonuniformy pignented pipe.
Cut the ends of the pipe squarely and cleanly so as not to adversely
affect joining or connecting. Field cuts nmust be de-burred and free
of defects.

e. Join sections of slip liner pipe and insert into the host pipe until a
continuous liner pipe is created along the entire length of the host
pi pe, in accordance with pipe manufacturer's recomendati ons. Heating
of the joints is allowed in cold weather to facilitate joining.

3.4 d ass Fi ber-Reinforced Plastic Pipe

Install d ass Fiber-Reinforced Plastic Liner Pipe to the nost
restrictive requirements of ASTM D3839 or the manufacturer's
reconmendati ons.

3.5 Cured-In-Place Pipe

Fol | ow the manufacturer's recomendati ons on the nediumused to cure the
liner (i.e. water, steam or WY) and note special considerations regarding
tenmperature, transport, and renoval of the nedium Performsurface
preparation of the host pipe according to the manufacturer's
reconmendations to ensure adhesi on between the liner material and host

pi pe.

.3.6 Sprayed-1 n-Pl ace Pi pe

Apply liner material radially onto the interior wall of the host pipe

ei ther nechanically or nmanually according to the nanufacturer's

requi renents, including the necessary degree of cleanliness of the host
pi pe surface. Seam essly apply lining material with no surface voids or
ridges. NMonitor viscosity and |iner thickness closely to apply a uniform
t hi ckness t hroughout the host pipe.

. 3.7 Bul kheads for Annulus Grouting

a. |Install the upstream bul khead foll owed by the downstream bul khead (to
reduce the chance of collecting water within the host pipe) after
waiting at |east 24 hours between the mni num 24-hour and maxi mum
72-hour wait period after insertion of the liner pipe. Provide a
bul khead with a mini mum thi ckness of 300 nmy 1 foot, or the thickness
of the headwal |, whichever is greater.

b. Provide a sufficient nunber of staggered-length grout tubes so that
the anticipated fl ow distance of the grout based on its viscosity can
run the di stance between the bul kheads before reaching initial set.

c. Shop drawi ngs must include all l|ocations of the grout/air ports and
sketches of the proposed bul kheads, as well as the | engths of each
grouting port. Include manufacturer's literature for accessories and
formcoating materials. Submt the proposed materials, dinensions,
| ocation of grout injection ports, vent tubes, etc.

d. Place vent holes at the crown and the invert in the downstream
bul khead. Pl ace an access hole, sized to facilitate the nethod of
grout input and an air vent at the crown in the upstream bul khead.
The vent holes in the downstream bul khead are pl ugged as soon as grout
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begins to fl ow out each hole. The air vent in the upstream bul khead
is kept clear until grout begins to flow out of the vent.

Hand- fi ni sh the bul kheads to a professional quality appearance. After
a curing period and pressure washing of the headwalls, apply a Sol uble
Reactive Silicate Concrete Treatnent Product over the entire headwal
surface, including the bul kheads.

Annul us Grouting

Notify the Contracting Oficer at |east 24 hours in advance of
grouti ng operations.

Grout the pipe fromdownstreamto upstream unless prohibited by
access, along its entire length with cementitious grout. Place the
grout by either gravity flow or by | ow pressure punping to conpletely
fill all voids within the annular space w thout causing defornmation of
the liner.

Pl ace annulus grout in lifts, as calculated and provided as a
preconstruction submittal, to avoid floating of the liner and to
ensure a uni form grout thickness.

A gauged grout pressure at the pipe exceeding that of the pipe

manuf acturer's reconmmendation or 35 kPa 5 psi, whichever is less, is
not permtted. Regardless of the pressure, the Contractor is solely
responsi bl e for any damage or distortion to the slip liner pipe due to
grouti ng.

Renove water in annular space inmediately prior to grout punping to
mai ntain the correct water-cenment ratio of the grout mixture.

Drilling injection holes fromthe surface to facilitate grouting is
pr ohi bi t ed.

Continue injection of grout until the estinmated volunme of grout has
been injected, as neasured at the punp and the exhausted grout
recovered at each vent is between 85 and 115 percent of the density of
the freshly injected grout, or as otherw se approved by the
Contracting O ficer.

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

During cold weather grouting (0-5 degrees C 32-40 degrees F) the grout
m x must be 15 degrees C 60 degrees F or higher at the tine of

punpi ng. Use concrete blankets for a period of not [ess than seven
days over areas of the | evee behind the headwal | s where the mini num
cover above the frost line is not met. The use of an internal heater
is permtted if it does not exceed the pipe's maxi rum|l ocalized
tenmperature for the first 24 hours after grouting.

Provi de annul ar space grout test reports for approval.
TESTI NG AND ACCEPTANCE

Rewor k

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

. 4.2 Pressure Testing

If the liner pipe will experience gravity flow only and the annul ar space
between it and the host pipe is grouted full, pressure testing the joints
is not required unless the video inspection reveal s concerning anomalies
that may indicate a conprom sed joint.

. 4.3 Grout Testing
.4.3.1 Density

Fiel d neasure grout density in accordance with ASTM C138/ C138lN no | ess
than twi ce per batch during grouting. Reevaluate grout densities

exceedi ng the design density by nmore than 48 kg/cubic neter 3 | b/cubic foot
for flow and flotation before placenent continues, otherw se reject.

.4.3.2 Conpressive Strength

Provide grout with a mnimum penetration resistance of 1725 kPa 250 psi
when tested in accordance with ASTM C403/ C403V before a succeedi ng grout
l[ift can be placed. Engage the services of an independent, ASTM AASHTO
accredited testing laboratory to collect and test specinmens associ at ed
with the strength requirements of this Section.

.4.3.2.1 Structural G out

a. Collect, transport, cure, test and report sanples in accordance wth
ASTM C942/ C942l, except as stated bel ow

b. Collect and test speci nens based on the nore restrictive of the
following criteria:

(1) One specinmen (a speci nen being one 3-gang nold) for each grouting
event for each pipe collected at approxi mately the m d-point of
the grouting operations. Collect a specinmen for each tine period
testing desired prior to the 28-day test.

(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 mens and tests may be collected and performed at the Contractor's
di scretion. The Contracting O ficer will determ ne the course of
action, which may require the conplete renoval of the |iner and grout,
if sanples do not neet the mininumrequired strength.

.4.3.2.2 Non- structural G out
Col l ect, transport, cure, test and report sanples in accordance with the
applicabl e ASTM for viscosity (ASTM C939/ C939lV), density (ASTM C138/ C138M

), and 24-hour penetration resistance (ASTM C403/ C403VN). Conpression
testing is not required for non-structural grout.
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3.4.4 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 pipes |arge enough and safe to enter, a wal k-through inspection wth
di gital photography is preferred when confined space entry procedures are
followed. |Inspect small or unsafe pipes using CCTV. Submit the
Post-Installation CCTV Recordings and Report Logs and/or Post-Installation
Di gital Phot ographs and Report Logs.

a. The Contracting Oficer will determine if infiltration of ground water
or annular grout through the liner pipe will be a basis for
non-acceptance or if a repair will be satisfactory.

b. Al connections nmust be accounted for and be unobstructed.
3.4.4.1 Def ect s

Correct all defects discovered during the post-installation inspection
before the work under the Contract will be considered for Substantial
Conpl etion. After the defects, if any, are corrected in accordance with
manuf acturer's recomendati ons, inspect the affected pi pe segnments a
second tine as a followup inspection. Al followup inspections will be
perfornmed by the Contractor, and all costs associated with such foll ow up
i nspections associated with the correction of work rmust be borne by the
Contractor.

3.4.4.2 Fi nal Accept ance
Provide final digital photographs and/or video and report logs to the
Contracting O ficer for review and approval of finished work for
[the][each] pipe slip lined prior to receiving final paynment.

3.5 MAI NTENANCE

Submit nanufacturer's recommendations for care and nai ntenance upon
conpl etion of installation.

-- End of Section --
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