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NOTICE OF PRE-BID CONFERENCE

Due to restrictions in place no pre-bid conference will be held for this ITB. Please contact staff
indicated within this ITB Document with general questions regarding this project/ITB
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INSTRUCTIONS TO BIDDERS

General

Work to be done under this Contract is generally described through the detailed specifications
and must be completed fully in accordance with the contract documents. All work to be done
under this Contract is located in or near the City of Ann Arbor.

Any Bid which does not conform fully to these instructions may be rejected.

Preparation of Bids

Bids should be prepared providing a straight-forward, concise description of the Bidder’s ability to
meet the requirements of the ITB. Bids shall be written in ink or typewritten. No erasures are
permitted. Mistakes may be crossed out and corrected and must be initialed and dated in ink by
the person signing the Bid.

Bids must be submitted on the "Bid Forms" provided with each blank properly filled in. If forms
are not fully completed it may disqualify the bid. No alternative bid will be considered unless
alternative bids are specifically requested. If alternatives are requested, any deviation from the
specification must be fully described, in detail on the "Alternate" section of Bid form.

Each person signing the Bid certifies that he/she is the person in the Bidder’'s firm/organization
responsible for the decision as to the fees being offered in the Bid and has not and will not
participated in any action contrary to the terms of this provision.

Questions or Clarifications / Designated City Contacts

All questions regarding this ITB shall be submitted via email. Emailed questions and inquires will
be accepted from any and all prospective Bidders in accordance with the terms and conditions of
the ITB.

All questions shall be due on or before Thursday, September 24, 2020 at 3pm and should be
addressed as follows:

Specification/Scope of Work questions emailed to ikotlyar@a2gov.org
Bid Process and Compliance questions emailed to cspencer@a2gov.org

Any error, omissions or discrepancies in the specification discovered by a prospective contractor
and/or service provider shall be brought to the attention of Igor V. Kotlyar, P.E. at
ikotlyar@a2gov.org after discovery as possible. Further, the contractor and/or service provide
shall not be allowed to take advantage of errors, omissions or discrepancies in the
specifications.

Addenda

If it becomes necessary to revise any part of the ITB, notice of the Addendum will be posted to
Michigan Inter-governmental Trade Network (MITN) www.mitn.info and/or City of Ann Arbor web
site www.A2gov.org for all parties to download.

Each Bidder must in its Bid, to avoid any miscommunications, acknowledge all addenda which it
has received, but the failure of a Bidder to receive, or acknowledge receipt of; any addenda shall
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not relieve the Bidder of the responsibility for complying with the terms thereof.

The City will not be bound by oral responses to inquiries or written responses other than written
addenda.

Bid Submission

All Bids are due and must be delivered to the City of Ann Arbor Procurement Unit on or before
Thursday, October 8, 2020 at 2 PM (local time). Bids submitted late or via oral, telephonic,
telegraphic, electronic mail or facsimile will not be considered or accepted.

Each Bidder must submit one (1) original Bid and one ( 1) Bid copies in a sealed envelope clearly
marked: ITB No. 4643 — 2020 Sewer Lining Project.

Bids must be addressed and delivered to:

City of Ann Arbor
Procurement Unit,
c/o Customer Services, 15t Floor
301 East Huron Street
Ann Arbor, Ml 48104

All Bids received on or before the Due Date will be publicly opened and recorded immediately.
No immediate decisions are rendered.

The following forms provided within this ITB Document must be included in submitted
bids.

o City of Ann Arbor Prevailing Wage Declaration of Compliance

e City of Ann Arbor Living Wage Ordinance Declaration of Compliance

e Vendor Conflict of Interest Disclosure Form

e City of Ann Arbor Non-Discrimination Ordinance Declaration of Compliance

Bids that fail to provide these forms listed above upon bid opening will be rejected as non-
responsive and will not be considered for award.

Hand delivered bids may be dropped off in the Purchasing drop box located in the Ann Street
(north) vestibule of City Hall which is accessible to the public at all hours. The City will not be
liable to any Bidder for any unforeseen circumstances, delivery or postal delays. Postmarking to
the Due Date will not substitute for receipt of the Bid. Each Bidder is responsible for submission
of their Bid.

Additional time for submission of bids past the stated due date and time will not be granted to a
single Bidder; however, additional time may be granted to all Bidders when the City determines
in its sole discretion that circumstances warrant it.

Award

The City intends to award a Contract(s) to the lowest responsible Bidder(s). On multi-divisional
contracts, separate divisions may be awarded to separate Bidders. The City may also utilize
alternatives offered in the Bid Forms, if any, to determine the lowest responsible Bidder on each
division, and award multiple divisions to a single Bidder, so that the lowest total cost is achieved
for the City. For unit price bids, the Contract will be awarded based upon the unit prices and the
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lump sum prices stated by the bidder for the work items specified in the bid documents, with
consideration given to any alternates selected by the City. If the City determines that the unit price
for any item is materially different for the work item bid than either other bidders or the general
market, the City, in its sole discretion, in addition to any other right it may have, may reject the bid
as not responsible or non-conforming.

The acceptability of major subcontractors will be considered in determining if a Bidder is
responsible. In comparing Bids, the City will give consideration to alternate Bids for items listed
in the bid forms. All key staff and subcontractors are subject to the approval by the City.

Official Documents

The City of Ann Arbor officially distributes bid documents from the Procurement Unit or through
the Michigan Intergovernmental Trade Network (MITN). Copies of the bid documents obtained
from any other source are not Official copies. Addenda and other bid information will only be
posted to these official distribution sites. If you obtained City of Ann Arbor Bid documents from
other sources, it is recommended that you register on www.MITN.info and obtain an official Bid.
Bidders do not need to be shown on the plan holders list provided by MITN to be considered an
official plan holder.

Bid Security

Each bid must be accompanied by a certified check, or Bid Bond by a surety licensed and
authorized to do business within the State of Michigan, in the amount of 5% of the total of the bid
price.

Withdrawal of Bids
After the time of opening, no Bid may be withdrawn for the period of ninety (90) days

Contract Time

Time is of the essence in the performance of the work under this Contract. The available time for
work under this Contract is indicated on page C-2, Article lll of the Contract. If these time
requirements can not be met, the Bidder must stipulate on Bid Form Section 3 - Time Alternate
its schedule for performance of the work. Consideration will be given to time in evaluating bids.

Liquidated Damages

A liquidated damages clause, as given on page C-2, Article Il of the Contract, provides that the
Contractor shall pay the City as liquidated damages, and not as a penalty, a sum certain per day
for each and every day that the Contractor may be in default of completion of the specified work,
within the time(s) stated in the Contract, or written extensions.

Liquidated damages clauses, as given in the General Conditions, provide further that the City
shall be entitled to impose and recover liquidated damages for breach of the obligations under
Chapter 112 of the City Code.

The liquidated damages are for the non-quantifiable aspects of any of the previously identified

events and do not cover actual damages that can be shown or quantified nor are they intended
to preclude recovery of actual damages in addition to the recovery of liquidated damages.
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Human Rights Information

All contractors proposing to do business with the City shall satisfy the contract compliance
administrative policy adopted by the City Administrator in accordance with the Section 9:158 of
the Ann Arbor City Code. Breach of the obligation not to discriminate as outlined in Section 5,
beginning at page GC-2 shall be a material breach of the contract. Contractors are required to
post a copy of Ann Arbor’s Non-Discrimination Ordinance attached at all work locations where its
employees provide services under a contract with the City.

Wage Requirements

Section 4, beginning at page GC-1, outlines the requirements for payment of prevailing wages
and for payment of a “living wage” to employees providing service to the City under this contract.
The successful bidder and its subcontractors must comply with all applicable requirements and
provide proof of compliance.

Pursuant to Resolution R-16-469 all public improvement contractors are subject to prevailing
wage and will be required to provide to the City payroll records sufficient to demonstrate
compliance with the prevailing wage requirements. Use of the Prevailing Wage Form provided in
the Appendix section or a City-approved equivalent will be required along with wage rate
interviews.

For laborers whose wage level are subject to federal, state and/or local prevailing wage law the
appropriate Davis-Bacon wage rate classification is identified based upon the work including
within this contract. The wage determination(s) current on the date 10 days before bids are
due shall apply to this contract. The U.S. Department of Labor (DOL) has provided
explanations to assist with classification in the following resource link: beta.SAM.gov.

For the purposes of this ITB the Construction Type of Highway (Building, Heavy, Highway or
Residential) will apply.

Conflict Of Interest Disclosure

The City of Ann Arbor Purchasing Policy requires that prospective Vendors complete a Conflict
of Interest Disclosure form. A contract may not be awarded to the selected Vendor unless and
until the Procurement Unit and the City Administrator have reviewed the Disclosure form and
determined that no conflict exists under applicable federal, state, or local law or administrative
regulation. Not every relationship or situation disclosed on the Disclosure Form may be a
disqualifying conflict. Depending on applicable law and regulations, some contracts may awarded
on the recommendation of the City Administrator after full disclosure, where such action is allowed
by law, if demonstrated competitive pricing exists and/or it is determined the award is in the best
interest of the City. A copy of the Vendor Conflict of Interest Disclosure Form is attached.

Major Subcontractors

The Bidder shall identify on Bid Form Section 4 each major subcontractor it expects to engage
for this Contract if the work to be subcontracted is 15% or more of the bid sum or over $50,000,
whichever is less. The Bidder also shall identify the work to be subcontracted to each major
subcontractor. The Bidder shall not change or replace a subcontractor without approval by the
City.
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Debarment

Submission of a Bid in response to this ITB is certification that the Bidder is not currently debarred,
suspended, proposed for debarment, and declared ineligible or voluntarily excluded from
participation in this transaction by any State or Federal departments or agency. Submission is
also agreement that the City will be notified of any changes in this status.

Disclosures

After bids are opened, all information in a submitter’s bid is subjected to disclosure under the
provisions of Michigan Public Act No. 442 of 1976, as amended (MCL 15.231 et seq.) known as
the “Freedom of Information Act.” The Freedom of Information Act also provides for the complete
disclosure of contracts and attachments thereto except where specifically exempted.

Bid Protest

All Bid protests must be in writing and filed with the Purchasing Agent within five (5) business
days of the award action. The bidder must clearly state the reasons for the protest. If a bidder
contacts a City Service Area/Unit and indicates a desire to protest an award, the Service Area/Unit
shall refer the bidder to the Purchasing Agent. The Purchasing Agent will provide the bidder with
the appropriate instructions for filing the protest. The protest shall be reviewed by the City
Administrator or designee whose decision shall be final.

Any inquiries or requests regarding this procurement should be only submitted in writing to the
Designated City Contacts provided herein. Attempts by any prospective bidder to initiate contact
with anyone other than the Designated City Contacts provided herein that the bidder believes can
influence the procurement decision, e.g., Elected Officials, City Administrator, Selection
Committee Members, Appointed Committee Members, etc., may lead to immediate elimination
from further consideration.

Cost Liability

The City of Ann Arbor assumes no responsibility or liability for costs incurred by the Bidder prior
to the execution of a contract with the City. By submitting a bid, a bidder agrees to bear all costs
incurred or related to the preparation, submission and selection process for the bid.

Reservation of Rights

The City of Ann Arbor reserves the right to accept any bid or alternative bid proposed in whole
or in part, to reject any or all bids or alternatives bids in whole or in part and to waive irregularity
and/or informalities in any bid and to make the award in any manner deemed in the best interest
of the City.

Idlefree Ordinance

The City of Ann Arbor adopted an idling reduction Ordinance that goes into effect July 1, 2017.
The full text of the ordinance (including exemptions) can be found at: www.a2gov.org/idlefree.

Under the ordinance, No Operator of a Commercial Vehicle shall cause or permit the Commercial
Vehicle to Idle:

(a) For any period of time while the Commercial Vehicle is unoccupied; or

(b) For more than 5 minutes in any 60-minute period while the Commercial Vehicle is
occupied.
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In addition, generators and other internal combustion engines are covered

(1) Excluding Motor Vehicle engines, no internal combustion engine shall be operated except
when it is providing power or electrical energy to equipment or a tool that is actively in use.

Environmental Commitment

The City of Ann Arbor recognizes its responsibility to minimize negative impacts on human health
and the environment while supporting a vibrant community and economy. The City further
recognizes that the products and services the City buys have inherent environmental and
economic impacts and that the City should make procurement decisions that embody, promote,
and encourage the City’s commitment to the environment.

The City encourages potential vendors to bring forward emerging and progressive products and
services that are best suited to the City’s environmental principles.
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FOR CONTRACTOR

By

Its:

FOR THE CITY OF ANN ARBOR

By

Christopher Taylor, Mayor

By

Jacqueline Beaudry, City Clerk

Approved as to substance

By
Tom Crawford, City Administrator

By

Craig Hupy, Public
Services Area Administrator

Approved as to form and content

Stephen K. Postema, City Attorney
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PERFORMANCE BOND

of (referred to as "Principal"),
and , a corporation duly authorized
to do business in the State of Michigan (referred to as "Surety"), are bound to the City of Ann Arbor,
Michigan (referred to as "City"), for $ , the payment of which Principal and Surety bind
themselves, their heirs, executors, administrators, successors and assigns, jointly and severally,
by this bond.

The Principal has entered a written Contract with the City entitled

for ITB No. and this bond is given for that Contract in compliance with Act No. 213
of the Michigan Public Acts of 1963, as amended, being MCL 129.201 et seq.
Whenever the Principal is declared by the City to be in default under the Contract, the Surety may
promptly remedy the default or shall promptly:

(a) complete the Contract in accordance with its terms and conditions; or

(b) obtain a bid or bids for submission to the City for completing the Contract in accordance with
its terms and conditions, and upon determination by Surety of the lowest responsible bidder,
arrange for a Contract between such bidder and the City, and make available, as work progresses,
sufficient funds to pay the cost of completion less the balance of the Contract price; but not
exceeding, including other costs and damages for which Surety may be liable hereunder, the
amount set forth in paragraph 1.

Surety shall have no obligation to the City if the Principal fully and promptly performs under the
Contract.

Surety agrees that no change, extension of time, alteration or addition to the terms of the Contract
or to the work to be performed thereunder, or the specifications accompanying it shall in any way
affect its obligations on this bond, and waives notice of any such change, extension of time,
alteration or addition to the terms of the Contract or to the work, or to the specifications.

Principal, Surety, and the City agree that signatures on this bond may be delivered electronically
in lieu of an original signature and agree to treat electronic signatures as original signatures that
bind them to this bond. This bond may be executed and delivered by facsimile and upon such
delivery, the facsimile signature will be deemed to have the same effect as if the original signature
had been delivered to the other party.

SIGNED AND SEALED this day of , 202_.

(Name of Surety Company) (Name of Principal)

By

Its

By

(Signature)

(Signature)
Its

(Title of Office) (Title of Office)

Approved as to form: Name and address of agent:

Stephen K. Postema, City Attorney
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LABOR AND MATERIAL BOND

of (referred to as

"Principal"), and , a corporation duly authorized

to do business in the State of Michigan, (referred to as "Surety"), are bound to the City of Ann Arbor,
Michigan (referred to as "City"), for the use and benefit of claimants as defined in Act 213 of Michigan
Public Acts of 1963, as amended, being MCL 129.201 et seq., in the amount of

$ , for the payment of which Principal and Surety bind themselves, their heirs,

executors, administrators, successors and assigns, jointly and severally, by this bond.

The Principal has entered a written Contract with the Cityentitled

, for ITB No. ; and this bond is

given for that Contract in compliance with Act No. 213 of the Michigan Public Acts of 1963 as amended,;
If the Principal fails to promptly and fully repay claimants for labor and material reasonably required
under the Contract, the Surety shall pay those claimants.

Surety's obligations shall not exceed the amount stated in paragraph 1, and Surety shall have no
obligation if the Principal promptly and fully pays the claimants.
Principal, Surety, and the City agree that signatures on this bond may be delivered electronically in lieu
of an original signature and agree to treat electronic signatures as original signatures that bind them to
this bond. This bond may be executed and delivered by facsimile and upon such delivery, the facsimile

signature will be deemed to have the same effect as if the original signature had been delivered to the

other party.

SIGNED AND SEALED this day of , 202_
(Name of Surety Company) (Name of Principal)
By By

(Signature)

(Signature)

Its Its

(Title of Office) (Title of Office)
Approved as to form: Name and address of agent:

Stephen K. Postema, City Attorney




GENERAL CONDITIONS

Section 1 - Execution, Correlation and Intent of Documents
The contract documents shall be signed in 2 copies by the City and the Contractor.

The contract documents are complementary and what is called for by any one shall be binding.
The intention of the documents is to include all labor and materials, equipment and transportation
necessary for the proper execution of the work. Materials or work described in words which so
applied have a well-known technical or trade meaning have the meaning of those recognized
standards.

In case of a conflict among the contract documents listed below in any requirement(s), the
requirement(s) of the document listed first shall prevail over any conflicting requirement(s) of a
document listed later.

(1) Addenda in reverse chronological order; (2) Detailed Specifications; (3) Standard
Specifications; (4) Plans; (5) General Conditions; (6) Contract; (7) Bid Forms; (8) Bond Forms; (9)
Bid.

Section 2 - Order of Completion

The Contractor shall submit with each invoice, and at other times reasonably requested by the
Supervising Professional, schedules showing the order in which the Contractor proposes to carry
on the work. They shall include the dates at which the Contractor will start the several parts of
the work, the estimated dates of completion of the several parts, and important milestones within
the several parts.

Section 3 - Familiarity with Work

The Bidder or its representative shall make personal investigations of the site of the work and of
existing structures and shall determine to its own satisfaction the conditions to be encountered,
the nature of the ground, the difficulties involved, and all other factors affecting the work proposed
under this Contract. The Bidder to whom this Contract is awarded will not be entitled to any
additional compensation unless conditions are clearly different from those which could reasonably
have been anticipated by a person making diligent and thorough investigation of the site.

The Bidder shall immediately notify the City upon discovery, and in every case prior to submitting
its Bid, of every error or omission in the bidding documents that would be identified by a
reasonably competent, diligent Bidder. In no case will a Bidder be allowed the benefit of extra
compensation or time to complete the work under this Contract for extra expenses or time spent
as a result of the error or omission.

Section 4 - Wage Requirements

Under this Contract, the Contractor shall conform to Chapter 14 of Title | of the Code of the City
of Ann Arbor as amended; which in part states "...that all craftsmen, mechanics and laborers
employed directly on the site in connection with said improvements, including said employees of
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subcontractors, shall receive the prevailing wage for the corresponding classes of craftsmen,
mechanics and laborers, as determined by statistics for the Ann Arbor area compiled by the United
States Department of Labor. At the request of the City, any contractor or subcontractor shall
provide satisfactory proof of compliance with the contract provisions required by the Section.

Pursuant to Resolution R-16-469 all public improvement contractors are subject to prevailing
wage and will be required to provide to the City payroll records sufficient to demonstrate
compliance with the prevailing wage requirements. A sample Prevailing Wage Form is provided
in the Appendix herein for reference as to what will be expected from contractors. Use of the
Prevailing Wage Form provided in the Appendix section or a City-approved equivalent will be
required along with wage rate interviews.

Where the Contract and the Ann Arbor City Ordinance are silent as to definitions of terms required
in determining contract compliance with regard to prevailing wages, the definitions provided in the
Davis-Bacon Act as amended (40 U.S.C. 278-a to 276-a-7) for the terms shall be used.

If the Contractor is a “covered employer” as defined in Chapter 23 of the Ann Arbor City Code,
the Contractor agrees to comply with the living wage provisions of Chapter 23 of the Ann Arbor
City Code. The Contractor agrees to pay those employees providing Services to the City under
this Contract a “living wage,” as defined in Section 1:815 of the Ann Arbor City Code, as adjusted
in accordance with Section 1:815(3); to post a notice approved by the City of the applicability of
Chapter 23 in every location in which regular or contract employees providing services under this
Contract are working; to maintain records of compliance; if requested by the City, to provide
documentation to verify compliance; to take no action that would reduce the compensation,
wages, fringe benefits, or leave available to any employee or person contracted for employment
in order to pay the living wage required by Section 1:815; and otherwise to comply with the
requirements of Chapter 23.

Contractor agrees that all subcontracts entered into by the Contractor shall contain similar wage
provision covering subcontractor’'s employees who perform work on this contract.

Section 5 - Non-Discrimination

The Contractor agrees to comply, and to require its subcontractor(s) to comply, with the
nondiscrimination provisions of MCL 37.2209. The Contractor further agrees to comply with the
provisions of Section 9:158 of Chapter 112 of Title IX of the Ann Arbor City Code, and to assure
that applicants are employed and that employees are treated during employment in a manner
which provides equal employment opportunity.

Section 6 - Materials, Appliances, Employees

Unless otherwise stipulated, the Contractor shall provide and pay for all materials, labor, water,
tools, equipment, light, power, transportation, and other facilities necessary or used for the
execution and completion of the work. Unless otherwise specified, all materials incorporated in
the permanent work shall be new, and both workmanship and materials shall be of the highest
quality. The Contractor shall, if required, furnish satisfactory evidence as to the kind and quality
of materials.

The Contractor shall at all times enforce strict discipline and good order among its employees,
and shall seek to avoid employing on the work any unfit person or anyone not skilled in the work
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assigned.

Adequate sanitary facilities shall be provided by the Contractor.

Section 7 - Qualifications for Employment

The Contractor shall employ competent laborers and mechanics for the work under this Contract.
For work performed under this Contract, employment preference shall be given to qualified local
residents.

Section 8 - Royalties and Patents

The Contractor shall pay all royalties and license fees. It shall defend all suits or claims for
infringements of any patent rights and shall hold the City harmless from loss on account of
infringement except that the City shall be responsible for all infringement loss when a particular
process or the product of a particular manufacturer or manufacturers is specified, unless the City
has notified the Contractor prior to the signing of the Contract that the particular process or product
is patented or is believed to be patented.

Section 9 - Permits and Regulations

The Contractor must secure and pay for all permits, permit or plan review fees and licenses
necessary for the prosecution of the work. These include but are not limited to City building
permits, right-of-way permits, lane closure permits, right-of-way occupancy permits, and the like.
The City shall secure and pay for easements shown on the plans unless otherwise specified.

The Contractor shall give all notices and comply with all laws, ordinances, rules and regulations
bearing on the conduct of the work as drawn and specified. If the Contractor observes that the
contract documents are at variance with those requirements, it shall promptly notify the
Supervising Professional in writing, and any necessary changes shall be adjusted as provided in
the Contract for changes in the work.

Section 10 - Protection of the Public and of Work and Property

The Contractor is responsible for the means, methods, sequences, techniques and procedures
of construction and safety programs associated with the work contemplated by this contract. The
Contractor, its agents or sub-contractors, shall comply with the "General Rules and Regulations
for the Construction Industry" as published by the Construction Safety Commission of the State
of Michigan and to all other local, State and National laws, ordinances, rules and regulations
pertaining to safety of persons and property.

The Contractor shall take all necessary and reasonable precautions to protect the safety of the
public. It shall continuously maintain adequate protection of all work from damage, and shall take
all necessary and reasonable precautions to adequately protect all public and private property
from injury or loss arising in connection with this Contract. It shall make good any damage, injury
or loss to its work and to public and private property resulting from lack of reasonable protective
precautions, except as may be due to errors in the contract documents, or caused by agents or
employees of the City. The Contractor shall obtain and maintain sufficient insurance to cover
damage to any City property at the site by any cause.
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In an emergency affecting the safety of life, or the work, or of adjoining property, the Contractor
is, without special instructions or authorization from the Supervising Professional, permitted to act
at its discretion to prevent the threatened loss or injury. It shall also so act, without appeal, if
authorized or instructed by the Supervising Professional.

Any compensation claimed by the Contractor for emergency work shall be determined by
agreement or in accordance with the terms of Claims for Extra Cost - Section 15.

Section 11 - Inspection of Work
The City shall provide sufficient competent personnel for the inspection of the work.

The Supervising Professional shall at all times have access to the work whenever it is in
preparation or progress, and the Contractor shall provide proper facilities for access and for
inspection.

If the specifications, the Supervising Professional's instructions, laws, ordinances, or any public
authority require any work to be specially tested or approved, the Contractor shall give the
Supervising Professional timely notice of its readiness for inspection, and if the inspection is by
an authority other than the Supervising Professional, of the date fixed for the inspection.
Inspections by the Supervising Professional shall be made promptly, and where practicable at the
source of supply. If any work should be covered up without approval or consent of the Supervising
Professional, it must, if required by the Supervising Professional, be uncovered for examination
and properly restored at the Contractor's expense.

Re-examination of any work may be ordered by the Supervising Professional, and, if so ordered,
the work must be uncovered by the Contractor. If the work is found to be in accordance with the
contract documents, the City shall pay the cost of re-examination and replacement. If the work is
not in accordance with the contract documents, the Contractor shall pay the cost.

Section 12 - Superintendence

The Contractor shall keep on the work site, during its progress, a competent superintendent and
any necessary assistants, all satisfactory to the Supervising Professional. The superintendent will
be responsible to perform all on-site project management for the Contractor. The superintendent
shall be experienced in the work required for this Contract. The superintendent shall represent
the Contractor and all direction given to the superintendent shall be binding as if given to the
Contractor. Important directions shall immediately be confirmed in writing to the Contractor. Other
directions will be confirmed on written request. The Contractor shall give efficient superintendence
to the work, using its best skill and attention.

Section 13 - Changes in the Work

The City may make changes to the quantities of work within the general scope of the Contract at
any time by a written order and without notice to the sureties. If the changes add to or deduct from
the extent of the work, the Contract Sum shall be adjusted accordingly. All the changes shall be
executed under the conditions of the original Contract except that any claim for extension of time
caused by the change shall be adjusted at the time of ordering the change.

In giving instructions, the Supervising Professional shall have authority to make minor changes in
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the work not involving extra cost and not inconsistent with the purposes of the work, but otherwise,
except in an emergency endangering life or property, no extra work or change shall be made
unless in pursuance of a written order by the Supervising Professional, and no claim for an
addition to the Contract Sum shall be valid unless the additional work was ordered in writing.

The Contractor shall proceed with the work as changed and the value of the work shall be
determined as provided in Claims for Extra Cost - Section 15.

Section 14 - Extension of Time

Extension of time stipulated in the Contract for completion of the work will be made if and as the
Supervising Professional may deem proper under any of the following circumstances:

(1)  When work under an extra work order is added to the work under this Contract;
(2) When the work is suspended as provided in Section 20;

(3) When the work of the Contractor is delayed on account of conditions which could not have
been foreseen, or which were beyond the control of the Contractor, and which were not
the result of its fault or negligence;

(4) Delays in the progress of the work caused by any act or neglect of the City or of its
employees or by other Contractors employed by the City;

(5) Delay due to an act of Government;

(6) Delay by the Supervising Professional in the furnishing of plans and necessary
information;

(7) Other cause which in the opinion of the Supervising Professional entitles the Contractor
to an extension of time.

The Contractor shall notify the Supervising Professional within 7 days of an occurrence or
conditions which, in the Contractor's opinion, entitle it to an extension of time. The notice shall be
in writing and submitted in ample time to permit full investigation and evaluation of the Contractor's
claim. The Supervising Professional shall acknowledge receipt of the Contractor's notice within 7
days of its receipt. Failure to timely provide the written notice shall constitute a waiver by the
Contractor of any claim.

In situations where an extension of time in contract completion is appropriate under this or any
other section of the contract, the Contractor understands and agrees that the only available
adjustment for events that cause any delays in contract completion shall be extension of the
required time for contract completion and that there shall be no adjustments in the money due the
Contractor on account of the delay.

GC-5



Section 15 - Claims for Extra Cost

If the Contractor claims that any instructions by drawings or other media issued after the date of
the Contract involved extra cost under this Contract, it shall give the Supervising Professional
written notice within 7 days after the receipt of the instructions, and in any event before proceeding
to execute the work, except in emergency endangering life or property. The procedure shall then
be as provided for Changes in the Work-Section 13. No claim shall be valid unless so made.

If the Supervising Professional orders, in writing, the performance of any work not covered by the
contract documents, and for which no item of work is provided in the Contract, and for which no
unit price or lump sum basis can be agreed upon, then the extra work shall be done on a Cost-
Plus-Percentage basis of payment as follows:

(1) The Contractor shall be reimbursed for all reasonable costs incurred in doing the work,
and shall receive an additional payment of 15% of all the reasonable costs to cover both
its indirect overhead costs and profit;

(2) The term "Cost" shall cover all payroll charges for employees and supervision required
under the specific order, together with all worker's compensation, Social Security, pension
and retirement allowances and social insurance, or other regular payroll charges on same;
the cost of all material and supplies required of either temporary or permanent character;
rental of all power-driven equipment at agreed upon rates, together with cost of fuel and
supply charges for the equipment; and any costs incurred by the Contractor as a direct
result of executing the order, if approved by the Supervising Professional,

(3) Ifthe extra is performed under subcontract, the subcontractor shall be allowed to compute
its charges as described above. The Contractor shall be permitted to add an additional
charge of 5% percent to that of the subcontractor for the Contractor's supervision and
contractual responsibility;

(4) The quantities and items of work done each day shall be submitted to the Supervising
Professional in a satisfactory form on the succeeding day, and shall be approved by the
Supervising Professional and the Contractor or adjusted at once;

(6) Payments of all charges for work under this Section in any one month shall be made along
with normal progress payments. Retainage shall be in accordance with Progress
Payments-Section 16.

No additional compensation will be provided for additional equipment, materials, personnel,
overtime or special charges required to perform the work within the time requirements of the
Contract.

When extra work is required and no suitable price for machinery and equipment can be
determined in accordance with this Section, the hourly rate paid shall be 1/40 of the basic weekly
rate listed in the Rental Rate Blue Book published by Dataquest Incorporated and applicable to
the time period the equipment was first used for the extra work. The hourly rate will be deemed
to include all costs of operation such as bucket or blade, fuel, maintenance, "regional factors",
insurance, taxes, and the like, but not the costs of the operator.
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Section 16 - Progress Payments

The Contractor shall submit each month, or at longer intervals, if it so desires, an invoice covering
work performed for which it believes payment, under the Contract terms, is due. The submission
shall be to the City's Finance Department - Accounting Division. The Supervising Professional
will, within 10 days following submission of the invoice, prepare a certificate for payment for the
work in an amount to be determined by the Supervising Professional as fairly representing the
acceptable work performed during the period covered by the Contractor's invoice. To insure the
proper performance of this Contract, the City will retain a percentage of the estimate in
accordance with Act 524, Public Acts of 1980. The City will then, following the receipt of the
Supervising Professional's Certificate, make payment to the Contractor as soon as feasible, which
is anticipated will be within 15 days.

An allowance may be made in progress payments if substantial quantities of permanent material
have been delivered to the site but not incorporated in the completed work if the Contractor, in
the opinion of the Supervising Professional, is diligently pursuing the work under this Contract.
Such materials shall be properly stored and adequately protected. Allowance in the estimate shall
be at the invoice price value of the items. Notwithstanding any payment of any allowance, all risk
of loss due to vandalism or any damages to the stored materials remains with the Contractor.

In the case of Contracts which include only the Furnishing and Delivering of Equipment, the
payments shall be; 60% of the Contract Sum upon the delivery of all equipment to be furnished,
or in the case of delivery of a usable portion of the equipment in advance of the total equipment
delivery, 60% of the estimated value of the portion of the equipment may be paid upon its delivery
in advance of the time of the remainder of the equipment to be furnished; 30% of the Contract
Sum upon completion of erection of all equipment furnished, but not later than 60 days after the
date of delivery of all of the equipment to be furnished; and payment of the final 10% on final
completion of erection, testing and acceptance of all the equipment to be furnished; but not later
than 180 days after the date of delivery of all of the equipment to be furnished, unless testing has
been completed and shows the equipment to be unacceptable.

With each invoice for periodic payment, the Contractor shall enclose a Contractor's Declaration -
Section 43, and an updated project schedule per Order of Completion - Section 2.

Section 17 - Deductions for Uncorrected Work

If the Supervising Professional decides it is inexpedient to correct work that has been damaged
or that was not done in accordance with the Contract, an equitable deduction from the Contract
price shall be made.

Section 18 - Correction of Work Before Final Payment

The Contractor shall promptly remove from the premises all materials condemned by the
Supervising Professional as failing to meet Contract requirements, whether incorporated in the
work or not, and the Contractor shall promptly replace and re-execute the work in accordance
with the Contract and without expense to the City and shall bear the expense of making good all
work of other contractors destroyed or damaged by the removal or replacement.

If the Contractor does not remove the condemned work and materials within 10 days after written
notice, the City may remove them and, if the removed material has value, may store the material
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at the expense of the Contractor. If the Contractor does not pay the expense of the removal within
10 days thereafter, the City may, upon 10 days written notice, sell the removed materials at
auction or private sale and shall pay to the Contractor the net proceeds, after deducting all costs
and expenses that should have been borne by the Contractor. If the removed material has no
value, the Contractor must pay the City the expenses for disposal within 10 days of invoice for
the disposal costs.

The inspection or lack of inspection of any material or work pertaining to this Contract shall not
relieve the Contractor of its obligation to fulfill this Contract and defective work shall be made
good. Unsuitable materials may be rejected by the Supervising Professional notwithstanding that
the work and materials have been previously overlooked by the Supervising Professional and
accepted or estimated for payment or paid for. If the work or any part shall be found defective at
any time before the final acceptance of the whole work, the Contractor shall forthwith make good
the defect in a manner satisfactory to the Supervising Professional. The judgment and the
decision of the Supervising Professional as to whether the materials supplied and the work done
under this Contract comply with the requirements of the Contract shall be conclusive and final.

Section 19 - Acceptance and Final Payment

Upon receipt of written notice that the work is ready for final inspection and acceptance, the
Supervising Professional will promptly make the inspection. When the Supervising Professional
finds the work acceptable under the Contract and the Contract fully performed, the Supervising
Professional will promptly sign and issue a final certificate stating that the work required by this
Contract has been completed and is accepted by the City under the terms and conditions of the
Contract. The entire balance found to be due the Contractor, including the retained percentage,
shall be paid to the Contractor by the City within 30 days after the date of the final certificate.

Before issuance of final certificates, the Contractor shall file with the City:

(1) The consent of the surety to payment of the final estimate;
(2) The Contractor's Affidavit in the form required by Section 44.

In case the Affidavit or consent is not furnished, the City may retain out of any amount due the
Contractor, sums sufficient to cover all lienable claims.

The making and acceptance of the final payment shall constitute a waiver of all claims by the City
except those arising from:

(1) unsettled liens;

(2) faulty work appearing within 12 months after final payment;

(3) hidden defects in meeting the requirements of the plans and specifications;
(4) manufacturer's guarantees.

It shall also constitute a waiver of all claims by the Contractor, except those previously made and
still unsettled.

Section 20 - Suspension of Work

The City may at any time suspend the work, or any part by giving 5 days notice to the Contractor
in writing. The work shall be resumed by the Contractor within 10 days after the date fixed in the
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written notice from the City to the Contractor to do so. The City shall reimburse the Contractor for
expense incurred by the Contractor in connection with the work under this Contract as a result of
the suspension.

If the work, or any part, shall be stopped by the notice in writing, and if the City does not give
notice in writing to the Contractor to resume work at a date within 90 days of the date fixed in the
written notice to suspend, then the Contractor may abandon that portion of the work suspended
and will be entitled to the estimates and payments for all work done on the portions abandoned,
if any, plus 10% of the value of the work abandoned, to compensate for loss of overhead, plant
expense, and anticipated profit.

Section 21 - Delays and the City's Right to Terminate Contract

If the Contractor refuses or fails to prosecute the work, or any separate part of it, with the diligence
required to insure completion, ready for operation, within the allowable number of consecutive
calendar days specified plus extensions, or fails to complete the work within the

required time, the City may, by written notice to the Contractor, terminate its right to proceed with
the work or any part of the work as to which there has been delay. After providing the notice the
City may take over the work and prosecute it to completion, by contract or otherwise, and the
Contractor and its sureties shall be liable to the City for any excess cost to the City. If the
Contractor's right to proceed is terminated, the City may take possession of and utilize in
completing the work, any materials, appliances and plant as may be on the site of the work and
useful for completing the work. The right of the Contractor to proceed shall not be terminated or
the Contractor charged with liquidated damages where an extension of time is granted under
Extension of Time - Section 14.

If the Contractor is adjudged a bankrupt, or if it makes a general assignment for the benefit of
creditors, or if a receiver is appointed on account of its insolvency, or if it persistently or repeatedly
refuses or fails except in cases for which extension of time is provided, to supply enough properly
skilled workers or proper materials, or if it fails to make prompt payments to subcontractors or for
material or labor, or persistently disregards laws, ordinances or the instructions of the Supervising
Professional, or otherwise is guilty of a substantial violation of any provision of the Contract, then
the City, upon the certificate of the Supervising Professional that sufficient cause exists to justify
such action, may, without prejudice to any other right or remedy and after giving the Contractor 3
days written notice, terminate this Contract. The City may then take possession of the premises
and of all materials, tools and appliances thereon and without prejudice to any other remedy it
may have, make good the deficiencies or finish the work by whatever method it may deem
expedient, and deduct the cost from the payment due the Contractor. The Contractor shall not be
entitled to receive any further payment until the work is finished. If the expense of finishing the
work, including compensation for additional managerial and administrative services exceeds the
unpaid balance of the Contract Sum, the Contractor and its surety are liable to the City for any
excess cost incurred. The expense incurred by the City, and the damage incurred through the
Contractor's default, shall be certified by the Supervising Professional.

Section 22 - Contractor's Right to Terminate Contract

If the work should be stopped under an order of any court, or other public authority, for a period
of 3 months, through no act or fault of the Contractor or of anyone employed by it, then the
Contractor may, upon 7 days written notice to the City, terminate this Contract and recover from
the City payment for all acceptable work executed plus reasonable profit.
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Section 23 - City's Right To Do Work

If the Contractor should neglect to prosecute the work properly or fail to perform any provision of
this Contract, the City, 3 days after giving written notice to the Contractor and its surety may,
without prejudice to any other remedy the City may have, make good the deficiencies and may
deduct the cost from the payment due to the Contractor.

Section 24 - Removal of Equipment and Supplies

In case of termination of this Contract before completion, from any or no cause, the Contractor, if
notified to do so by the City, shall promptly remove any part or all of its equipment and supplies
from the property of the City, failing which the City shall have the right to remove the equipment
and supplies at the expense of the Contractor.

The removed equipment and supplies may be stored by the City and, if all costs of removal and
storage are not paid by the Contractor within 10 days of invoicing, the City upon 10 days written
notice may sell the equipment and supplies at auction or private sale, and shall pay the Contractor
the net proceeds after deducting all costs and expenses that should have been borne by the
Contractor and after deducting all amounts claimed due by any lien holder of the equipment or
supplies.

Section 25 - Responsibility for Work and Warranties

The Contractor assumes full responsibility for any and all materials and equipment used in the
construction of the work and may not make claims against the City for damages to materials and
equipment from any cause except negligence or willful act of the City. Until its final acceptance,
the Contractor shall be responsible for damage to or destruction of the project (except for any part
covered by Partial Completion and Acceptance - Section 26). The Contractor shall make good
all work damaged or destroyed before acceptance. All risk of loss remains with the Contractor
until final acceptance of the work (Section 19) or partial acceptance (Section 26). The Contractor
is advised to investigate obtaining its own builders risk insurance.

The Contractor shall guarantee the quality of the work for a period of one year. The Contractor
shall also unconditionally guarantee the quality of all equipment and materials that are furnished
and installed under the contract for a period of one year. At the end of one year after the
Contractor's receipt of final payment, the complete work, including equipment and materials
furnished and installed under the contract, shall be inspected by the Contractor and the
Supervising Professional. Any defects shall be corrected by the Contractor at its expense as soon
as practicable but in all cases within 60 days. Any defects that are identified prior to the end of
one year shall also be inspected by the Contractor and the Supervising Professional and shall be
corrected by the Contractor at its expense as soon as practicable but in all cases within 60 days.
The Contractor shall assign all manufacturer or material supplier warranties to the City prior to
final payment. The assignment shall not relieve the Contractor of its obligations under this
paragraph to correct defects.
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Section 26 - Partial Completion and Acceptance

If at any time prior to the issuance of the final certificate referred to in Acceptance and Final
Payment - Section 19, any portion of the permanent construction has been satisfactorily
completed, and if the Supervising Professional determines that portion of the permanent
construction is not required for the operations of the Contractor but is needed by the City, the
Supervising Professional shall issue to the Contractor a certificate of partial completion, and
immediately the City may take over and use the portion of the permanent construction described
in the certificate, and exclude the Contractor from that portion.

The issuance of a certificate of partial completion shall not constitute an extension of the
Contractor's time to complete the portion of the permanent construction to which it relates if the
Contractor has failed to complete it in accordance with the terms of this Contract. The issuance
of the certificate shall not release the Contractor or its sureties from any obligations under this
Contract including bonds.

If prior use increases the cost of, or delays the work, the Contractor shall be entitled to extra
compensation, or extension of time, or both, as the Supervising Professional may determine.

Section 27 - Payments Withheld Prior to Final Acceptance of Work

The City may withhold or, on account of subsequently discovered evidence, nullify the whole or
part of any certificate to the extent reasonably appropriate to protect the City from loss on account
of:

(1) Defective work not remedied;

(2) Claims filed or reasonable evidence indicating probable filing of claims by other parties
against the Contractor;

(38) Failure of the Contractor to make payments properly to subcontractors or for material or
labor;

(4) Damage to another Contractor.

When the above grounds are removed or the Contractor provides a Surety Bond satisfactory to
the City which will protect the City in the amount withheld, payment shall be made for amounts
withheld under this section.

Section 28 - Contractor's Insurance

(1) The Contractor shall procure and maintain during the life of this Contract, including the
guarantee period and during any warranty work, such insurance policies, including those
set forth below, as will protect itself and the City from all claims for bodily injuries, death or
property damage that may arise under this Contract; whether the act(s) or omission(s)
giving rise to the claim were made by the Contractor, any subcontractor, or anyone
employed by them directly or indirectly. Prior to commencement of any work under this
contract, Contractor shall provide to the City documentation satisfactory to the City, through
City-approved means (currently myCOl), demonstrating it has obtained the required
policies and endorsements. The certificates of insurance endorsements and/or copies of
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policy language shall document that the Contractor satisfies the following minimum
requirements. Contractor shall add registration@mycoitracking.com to its safe sender’s
list so that it will receive necessary communication from myCOIl. When requested,
Contractor shall provide the same documentation for its subcontractor(s) (if any).

Required insurance policies include:

(a) Worker's Compensation Insurance in accordance with all applicable state and federal
statutes. Further, Employers Liability Coverage shall be obtained in the following
minimum amounts:

Bodily Injury by Accident - $500,000 each accident
Bodily Injury by Disease - $500,000 each employee
Bodily Injury by Disease - $500,000 each policy limit

(b) Commercial General Liability Insurance equivalent to, as a minimum, Insurance
Services Office form CG 00 01 04 13 or current equivalent. The City of Ann Arbor shall
be named as an additional insured. There shall be no added exclusions or limiting
endorsements specifically for the following coverages: Products and Completed
Operations, Explosion, Collapse and Underground coverage or Pollution. Further
there shall be no added exclusions or limiting endorsements that diminish the City’s
protections as an additional insured under the policy. The following minimum limits of
liability are required:

$1,000,000 Each occurrence as respect Bodily Injury Liability or Property
Damage Liability, or both combined.

$2,000,000 Per Project General Aggregate

$1,000,000 Personal and Advertising Injury

$2,000,000 Products and Completed Operations Aggregate

(c) Motor Vehicle Liability Insurance, including Michigan No-Fault Coverages, equivalent
to, as a minimum, Insurance Services Office form CA 00 01 10 13 or current
equivalent. Coverage shall include all owned vehicles, all non-owned vehicles and all
hired vehicles. The City of Ann Arbor shall be named as an additional insured. There
shall be no added exclusions or limiting endorsements that diminish the City’s
protections as an additional insured under the policy. Further, the limits of liability shall
be $1,000,000 for each occurrence as respects Bodily Injury Liability or Property
Damage Liability, or both combined.

(d) Umbrella/Excess Liability Insurance shall be provided to apply excess of the
Commercial General Liability, Employers Liability and the Motor Vehicle coverage
enumerated above, for each occurrence and for aggregate in the amount of
$1,000,000.

Insurance required under subsection (1)(b) and (1)(c) above shall be considered primary
as respects any other valid or collectible insurance that the City may possess, including
any self-insured retentions the City may have; and any other insurance the City does
possess shall be considered excess insurance only and shall not be required to contribute
with this insurance. Further, the Contractor agrees to waive any right of recovery by its
insurer against the City for any insurance listed herein.
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(3) Insurance companies and policy forms are subject to approval of the City Attorney, which
approval shall not be unreasonably withheld. Documentation must provide and
demonstrate an unconditional and un-qualified 30-day written notice of cancellation in
favor of the City of Ann Arbor. Further, the documentation must explicitly state the
following: (a) the policy number(s); name of insurance company(s); name and address of
the agent(s) or authorized representative(s); name(s), email address(es), and address of
insured; project name; policy expiration date; and specific coverage amounts; (b) any
deductibles or self-insured retentions which may be approved by the City, in its sole
discretion; (c) that the policy conforms to the requirements specified Contractor shall
furnish the City with satisfactory certificates of insurance and endorsements prior to
commencement of any work. Upon request, the Contractor shall provide within 30 days
a copy of the policy(ies) and all required endorsements to the City. If any of the above
coverages expire by their terms during the term of this Contract, the Contractor shall
deliver proof of renewal and/or new policies and endorsements to the Administering
Service Area/Unit at least ten days prior to the expiration date.

(4) Any Insurance provider of Contractor shall be authorized to do business in the State of
Michigan and shall carry and maintain a minimum rating assigned by A.M. Best &
Company’s Key Rating Guide of “A-" Overall and a minimum Financial Size Category of
“V”. Insurance policies and certificates issued by non-authorized insurance companies are
not acceptable unless approved in writing by the City.

(5) City reserves the right to require additional coverage and/or coverage amounts as may be
included from time to time in the Detailed Specifications for the Project.

(6) The provisions of General Condition 28 shall survive the expiration or earlier termination
of this contract for any reason.

Section 29 - Surety Bonds
Bonds will be required from the successful bidder as follows:

(1) A Performance Bond to the City of Ann Arbor for the amount of the bid(s) accepted,;
(2) A Labor and Material Bond to the City of Ann Arbor for the amount of the bid(s) accepted.

Bonds shall be executed on forms supplied by the City in a manner and by a Surety Company
authorized to transact business in Michigan and satisfactory to the City Attorney.

Section 30 - Damage Claims

The Contractor shall be held responsible for all damages to property of the City or others, caused
by or resulting from the negligence of the Contractor, its employees, or agents during the progress
of or connected with the prosecution of the work, whether within the limits of the work or
elsewhere. The Contractor must restore all property injured including sidewalks, curbing, sodding,
pipes, conduit, sewers or other public or private property to not less than its original condition with
new work.
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Section 31 - Refusal to Obey Instructions

If the Contractor refuses to obey the instructions of the Supervising Professional, the Supervising
Professional shall withdraw inspection from the work, and no payments will be made for work
performed thereafter nor may work be performed thereafter until the Supervising Professional
shall have again authorized the work to proceed.

Section 32 - Assignment

Neither party to the Contract shall assign the Contract without the written consent of the other.
The Contractor may assign any monies due to it to a third party acceptable to the City.

Section 33 - Rights of Various Interests

Whenever work being done by the City's forces or by other contractors is contiguous to work
covered by this Contract, the respective rights of the various interests involved shall be
established by the Supervising Professional, to secure the completion of the various portions of
the work in general harmony.

The Contractor is responsible to coordinate all aspects of the work, including coordination of, and
with, utility companies and other contractors whose work impacts this project.

Section 34 - Subcontracts

The Contractor shall not award any work to any subcontractor without prior written approval of
the City. The approval will not be given until the Contractor submits to the City a written statement
concerning the proposed award to the subcontractor. The statement shall contain all information
the City may require.

The Contractor shall be as fully responsible to the City for the acts and omissions of its
subcontractors, and of persons either directly or indirectly employed by them, as it is for the acts
and omissions of persons directly employed by it.

The Contractor shall cause appropriate provisions to be inserted in all subcontracts relative to the
work to bind subcontractors to the Contractor by the terms of the General Conditions and all other
contract documents applicable to the work of the subcontractors and to give the Contractor the
same power to terminate any subcontract that the City may exercise over the Contractor under
any provision of the contract documents.

Nothing contained in the contract documents shall create any contractual relation between any
subcontractor and the City.
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Section 35 - Supervising Professional's Status

The Supervising Professional has the right to inspect any or all work. The Supervising
Professional has authority to stop the work whenever stoppage may be appropriate to insure the
proper execution of the Contract. The Supervising Professional has the authority to reject all work
and materials which do not conform to the Contract and to decide questions which arise in the
execution of the work.

The Supervising Professional shall make all measurements and determinations of quantities.
Those measurements and determinations are final and conclusive between the parties.

Section 36 - Supervising Professional's Decisions

The Supervising Professional shall, within a reasonable time after their presentation to the
Supervising Professional, make decisions in writing on all claims of the City or the Contractor and
on all other matters relating to the execution and progress of the work or the interpretation of the
contract documents.

Section 37 - Storing Materials and Supplies

Materials and supplies may be stored at the site of the work at locations agreeable to the City
unless specific exception is listed elsewhere in these documents. Ample way for foot traffic and
drainage must be provided, and gutters must, at all times, be kept free from obstruction. Traffic
on streets shall be interfered with as little as possible. The Contractor may not enter or occupy
with agents, employees, tools, or material any private property without first obtaining written
permission from its owner. A copy of the permission shall be furnished to the Supervising
Professional.

Section 38 - Lands for Work

The Contractor shall provide, at its own expense and without liability to the City, any additional
land and access that may be required for temporary construction facilities or for storage of
materials.

Section 39 - Cleaning Up

The Contractor shall, as directed by the Supervising Professional, remove at its own expense
from the City's property and from all public and private property all temporary structures, rubbish
and waste materials resulting from its operations unless otherwise specifically approved, in
writing, by the Supervising Professional.

Section 40 - Salvage

The Supervising Professional may designate for salvage any materials from existing structures
or underground services. Materials so designated remain City property and shall be transported
or stored at a location as the Supervising Professional may direct.
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Section 41 - Night, Saturday or Sunday Work

No night or Sunday work (without prior written City approval) will be permitted except in the case
of an emergency and then only to the extent absolutely necessary. The City may allow night work
which, in the opinion of the Supervising Professional, can be satisfactorily performed at night.
Night work is any work between 8:00 p.m. and 7:00 a.m. No Saturday work will be permitted
unless the Contractor gives the Supervising Professional at least 48 hours but not more than 5
days notice of the Contractor's intention to work the upcoming Saturday.

Section 42 - Sales Taxes

Under State law the City is exempt from the assessment of State Sales Tax on its direct
purchases. Contractors who acquire materials, equipment, supplies, etc. for incorporation in City
projects are not likewise exempt. State Law shall prevail. The Bidder shall familiarize itself with
the State Law and prepare its Bid accordingly. No extra payment will be allowed under this
Contract for failure of the Contractor to make proper allowance in this bid for taxes it must pay.
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Section 43

CONTRACTOR'S DECLARATION

| hereby declare that | have not, during the period ,20__,to , 20
, performed any work, furnished any materials, sustained any loss, damage or delay, or otherwise
done anything in addition to the regular items (or executed change orders) set forth in the Contract
titled , for which | shall ask, demand, sue for, or claim
compensation or extension of time from the City, except as | hereby make claim for additional
compensation or extension of time as set forth on the attached itemized statement. | further
declare that | have paid all payroll obligations related to this Contract that have become due during
the above period and that all invoices related to this Contract received more than 30 days prior to
this declaration have been paid in full except as listed below.

There is/is not (Contractor please circle one and strike one as appropriate) an itemized statement
attached regarding a request for additional compensation or extension of time.

Contractor Date

By

(Signature)

Its
(Title of Office)

Past due invoices, if any, are listed below.
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Section 44

CONTRACTOR'S AFFIDAVIT
The undersigned Contractor, , represents that on ,
20___, it was awarded a contract by the City of Ann Arbor, Michigan to under
the terms and conditions of a Contract titled . The Contractor

represents that all work has now been accomplished and the Contract is complete.

The Contractor warrants and certifies that all of its indebtedness arising by reason of the Contract
has been fully paid or satisfactorily secured; and that all claims from subcontractors and others
for labor and material used in accomplishing the project, as well as all other claims arising from
the performance of the Contract, have been fully paid or satisfactorily settled. The Contractor
agrees that, if any claim should hereafter arise, it shall assume responsibility for it immediately
upon request to do so by the City of Ann Arbor.

The Contractor, for valuable consideration received, does further waive, release and relinquish
any and all claims or right of lien which the Contractor now has or may acquire upon the subject
premises for labor and material used in the project owned by the City of Ann Arbor.

This affidavit is freely and voluntarily given with full knowledge of the facts.

Contractor Date

By

(Signature)

Its
(Title of Office)

Subscribed and sworn to before me, on this day of , 20
, County, Michigan

Notary Public
County, Ml
My commission expires on:
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STANDARD SPECIFICATIONS

All work under this contract shall be performed in accordance with the Public Services Department
Standard Specifications in effect at the date of availability of the contract documents stipulated in
the Bid. All work under this Contract which is not included in these Standard Specifications, or
which is performed using modifications to these Standard Specifications, shall be performed in
accordance with the Detailed Specifications included in these contract documents.

Standard Specifications are available online:

http://www.a2gov.org/departments/engineering/Pages/Engineering-and-Contractor-
Resources.aspx
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DETAILED SPECIFICATION
FOR
CONTRACTOR QUALIFICATIONS

3of8

Address: 2600 HOLLYWOOD BLVD, HOLLYWOOD, FL 33020

Contact Name: _JOSE POLANCO Contact Phone; (754) 208-0443

Type of Work: PROJECT NAME: GRAVITY SYSTEM CONDITION ASSESSMENT, RENEWAL & REPLACEMENT

(1&!) PROGRAM LEVEL 2

SCOPE OF WORK: 13,762 LF OD 30" TO 48" CLEANING & TELEVISING. 110,834 LF OF 8" TO 48" CURED-

IN-PLACE PIPE LINING

Year Work Performed: _2015-2017 Work Amount (§):_7.757,350.00

1.4. Client’s Name: C!TY OF HOLLYWOOD, FL

Address: 2600 HOLLYWOOD BLVD, HOLLYWOOD, FL 33020

Contact Name: _JOSE POLANCO Contact Phone:  (754) 208-9443

Type of Work: PROJECT NAME: TAFT STREET 60" SANITARY SEWER CIPP REHABILITATION

SCOPE OF WORK: CLEAN, TELEVISE AND CIPP REHAB OF 6,304 LF OF 60" SANITARY SEWER.

Year Work Performed: _ 2014 Work Amount ($):_2,484,295.35

1.5. Client’s Name: MIAMI-DADE WATER & SEWER DEPARTMENT

Address: 3071 SW 38TH AVE, MIAMI, FL 33129

Contact Name: ALEXIS VALDES Contact Phone: (786) 552-4364

Type of Work: PROJECT NAME: INSTALLATION OF 4.1 MILES OF 54" FORCE MAIN (SUB CONTRACTOR TO

LANZO CONSTRUCTION CO., FLORIDA)

SCOPE OF WORK: CLEANING & GROUTING OF 54" PCCP FORCE MAIN.

Year Work Performed: 2017-2018 Work Amount ($):__159,150.00

1.6. Client’s Name: FLORIDA DEPT. OF TRANSPORTATION

Address: 719 SOUTH WOODLAND BLVD., DELAND, FL 32720
DS-3
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Contact Name: MICHAEL RANEY Contact Phone: (386) 740-3522

Type of Work: PROJECT NAME: E5T227 LINING & CLEANING OF VARIOUS SECTIONS OF STORM DRAINS

SCOPE OF WORK: 30" TO 48" CLEANING & TELEVISING - 4,805 LF

30" TO 48" CIPP LINING - 12,895 LF

Year Work Performed: _ 2015 Work Amount (§);_1:468.776.50

1.7. Client’s Name: CITY OF WEST PALM BEACH

Address: 401 CLEMATIS STREET, WEST PALM BEACH, FL 33401

RUDY FERNANDEZ (561) 882-5004

Contact Name: Contact Phone:

Type of Work: PROJECT NAME: 48' FORCE MAIN CIPP PHASE 2

SCOPE OF WORK: CLEANING, CCTV & CIPP OF 6,400 LF OF 48" FORCE MAIN

Year Work Performed: 2016-2018 Work Amount ($):_7,089,516.28

1.8 CLIENT'S NAME: WESTERN TOWNSHIP, MI
ADDRESS: 40905 JOY ROAD, CANTON, MI 48187
CONTACT NAME: CHRIS ELENBAAS PHONE: (734) 761-1010
TYPE OF WORK: PROJECT NAME - HAGGERTY ROAD 48" CIPP REHABILITATION
SCOPE OF WORK: CLEANING, TELEVISING & CIPP REHAB OF 4,350 LF OF 48" SANITARY SEWER

YEAR PERFORMED: 2013 WORK AMOUNT($): 1,491,635.32

1.9 Client's Name: Dearborn Heights, Mi
Contact Name: Jack Franzil Phone: 313-204-6285
Type of Work: Siphon Cleaning & Televising
Year Work Performed: 2014

2.0 Client's Name: Clinton Township, Ml
Contact Name: Jimmy Gaybrish Phone: 5686-855-1895
Type of Work: Siphon Cleaning & Televising
Year Work Performed: 2013

2.1 Client's Name: Oakland County, Ml

Contact Name: George Nichols Phone: 248-975-9571
Type of Work: Siphon Cieaning & Televising
Year Work Performed: 2015 DS-4
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2. Sewer CIPP Lining References
(Must be completed and submitted with Bid for consideration)

List sewer CIPP lining projects of sewers equal to or greater than 36 inches in diameter that total
(together) over 10,000 lineal feet in northern states and/or Canada in the past 7 years and over
1,000,000 feet of lining in general over the past 7 years, and provide references. Also, provide
safety record for the past 7 years as an attachment.

Firm’s Name: LANZO COMPANIES, INC.

Role on Project: PRIME CONTRACTOR

s s OAKLAND COUNTY WATER RESOURCES COMMISSIONER
2.1. Client’s Name:

Address: BUILDING 95 WEST, ONE PUBLIC WORKS DRIVE, WATERFORD, MI 48328

Contact Name: GEROGE P. NICHOLS Contact Phone: _ (248) 975-9571

Type of Work: PROJECT NAME: OMIDDD SEGMENT 4 REPAIR; CONTRACT 6

SCOPE PF WORK: 14,100 LF OF CLEANING & 5,400 LF OF 36" TO 48" INTERCEPTOR REHAB.

Year Work Performed: _2014-2017 Work Amount (§):;_3,172,793.60

2.2. Client’s Name: CITY OF HOLLYWOOD, FL

Address: 2600 HOLLYWOOD BLVD., HOLLYWOOD, FL 33020

Contact Name: JOSE POLANCO Contact Phone: _ (754) 208-9443

Type of Work: PROJECT NAME: GRAVITY SYSTEM CONDITIONAL ASSESSMENT, RENEWAL & REPLACEMENT

(1&1) PROGRAM LEVEL 2

SCOPE OF WORK: 13,762 LF OF 30" TO 48" CLEAN & CCTV; 110,834 LF OF 30" TO 48" CIPP LINING

Year Work Performed: _ 2015-2017 Work Amount ($):_7,757,350.00

2.3. Client’s Name: CITY OF HOLLYWOOD, FL

Address: 2600 HOLLYWOOD BLVD., HOLLYWOOD, FL 33020

Contact Name: JOSE POLANCO Contact Phone: _ (754) 208-9443
DS-5
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Type of Work: PROJECT NAME: TAFT STREET 60" SANITARY SEWER CIPP REHABILITATION

SCOPE OF WORK: 60" CLEAN, TELEVISE & CIPP REHAB - 6,340 LF

Year Work Performed: __ 2014 Work Amount ($):_2,484,295.35

2.4. Client’s Name: FLORIDA DEPT. OF TRANSPORTATION

Address: 719 SOUTH WOODLAND BLVD., DELAND, FL 32720

Contact Name: MICHAEL RANEY Contact Phone: (386) 740-3522

Type of Work: PROJECT NAME: E5T227 LINING & CLEANING OF VARIOUS SECTIONS OF STORM DRAINS

SCOPE OF WORK: 30" TO 48" CLEANING - 4,850 LF; 15" TO 48" CIPP LINING OF 12,895 LF

Year Work Performed: 291° Work Amount ($);_1,468.776.50

DS-6
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3. Onsite Superintendent/Foreman
(Must be completed and submitted with Bid for consideration)

List name of onsite superintendent/foreman and list a minimum of 3 projects of similar complexity
totaling 10,000 lineal feet of CIPP lining in sanitary sewers greater than 24 inches in diameter that
they have supervised in the past 7 years and provide references.

Superintendent/Foreman Name: __PAUL TORRES, JR.

3.1.

3.2

3.3.

Client’s Name: OAKLAND COUNTY WATER RESOURCES COMMISSIONER

Address: BUILDING 95 WEST, ONE PUBLIC WORKS DRIVE, WATERFORD, Mi 48328

Contact Name: LAWRENCE GILBERT Contact Phone: _ (986) 469-5100

Type of Work: _ PROJECT NAME: OMIDDD SEGEMENT 4 REPAIR PROGRAM, CONTRACT 5
SCOPE OF WORK: REPAIR OF LOCALIZED CRACKS, FRACTURES USING CHEMICAL GROUT, INTERCEPTOR

LINING AT SELECTED LOCATIONS, CLEANING, SEDIMENT REMOVAL AND CCTV INSPECTION.

Year Work Performed: 2015-2017 Work Amount ($):_9.303,900.00

. OAKLAND COUNTY WATER RESOURCES COMMISSIONER
Client’s Name:

Address: BUILDING 95 WEST, ONE PUBLIC WORKS DRIVE, WATERFORD, M| 48328

Contact Name: GEORGE P. NICHOLS Contact Phone: (248) 975-9571
PROJECT NAME: OMIDDD SEGMENT 4 REPAIR; CONTRACT 6

Type of Work:
SCOPE OF WORK: 14,100 LF OF CLENING, TELEVISING ; 5,400 LF OF 36" TO 48" INTERCEPTOR REHABILITATION

THROUGH CURED-IN-PLACE PIPE LINING.

Year Work Performed: _ 2914-2017 Work Amount ($):_ 317279360

Client’s Name: YESTERN TOWNSHIP, M|

Address: 40905 JOY ROAD, CANTON, M 48187

Contact Name: _ CHRIS ELENBAAS Contact Phone: _(734) 761-1010

Type of Work: PROJECT NAME - HAGGERTY ROAD 48" CIPP REHABILITATION
DS- 7
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SCOPE OF WORK: CLEANING, TELEVISING & CIPP REHAB OF 4,350 LF OF 48" SANITARY SEWER

Year Work Performed: 2013 Work Amount ($):__ 1:491,635.32

3.4. Client’s Name: CITY OF BIRMINGHAM, MI

Address: 151 MARTIN STREET, BIRMINGHAM, MI 48307

Contact Name: PAUL O'MEARA Contact Phone: (248) 530-1836

Type of Work: PROJECT NAME: BIRMINGHAM 2017 SEWER LINING PROGRAM

SCOPE OF WORK: CLEAN, TELEVISE AND CIPP LINING OF 6" TO 21" SANITARY SEWER OF 12,000 LF

Year Work Performed: _ 2018-2019 Work Amount ($):__786,997.00

3.5 CLIENT'S NAME: CLINTON TOWNSHIP, MI
ADDRESS: 40700 ROMEO PLANK, CLINTON TOWNSHIP, M| 48038
CONTACT NAME: SCOTT CHABOT PHONE: (586) 726-1234
TYPE OF WORK: PROJECT NAME - CLINTON TOWNSHIP SANITARY SEWER REHAB
SCOPE OF WORK: CLEANING, TELEVISING & CIPP REHAB OF 16,815 LF OF 27" SANITARY SEWER

YEAR PERFORMED: 2018-2019 WORK AMOUNT($): 1,960,785.00

DS-8
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LN 2050 OAKLAND - MACOMB INTERCEPTOR DRAIN (OMID) L A N Z D
SEGMENT 4 REPAIR PROGRAM CONTRACT 5

ID TRENCHLESS TECHNOLOGIES
Owner: Engineer:
OCWRC Anderson Eckstein, and
Building 95 West Westrick, Inc.
One Public Works Drive 51301 Schoenherr Rd.
Waterford, Michigan 48328 Shelby Charter Township, M1
48315
Owner Contact:
Lawrence Gilbert
(586) 469-5100 Start Date: April 2015
“\ Completion: December 2017
Final Project Amount
$9,303,900 N

Contract 5 repair work is located along the

Oakland Arm Interceptor in PCI-9 and PCI-

10A/B extending mostly along Utica Road in

the cities of Sterling Heights and Utica and the

Township of Shelby. PCI-10A/B reaches of

sewer extend through the southern and northern

parts (respectively) of a nature preserve, now

comprised of River bends Park and Holland

Ponds Park.

The scope of

work included

the construction

of 2 access shafts on each end of the project approximately
8 miles apart to afford access for the main equipment used
for the rehabilitation project. These shafts were dropped
over the pipe and the pipe was cut away for this purpose.
Structural repairs to the tunnel included patching a breach
in the wall located in the PCI-9 interceptor and repair of
visible reinforcement and where reinforcement outline is
visible. Also included in the scope of work is the injection
of cementitious grout from within the tunnel in areas with
suspected voids surrounding the interceptor, seal running
and gushing leaks with chemical grout. Existing access
manholes required modification and restoration. Repair of
localized cracks and fractures using chemical grout, interceptor lining of selected locations
and CCTYV inspection after completion of repairs.

." ~



LN 2046 OAKLAND-MACOMB INTERCEPTOR DRAIN (OMID)
SEGMENT 4 REPAIR PROGRAM CONTRACT 6

TRENCHLESS TECHNOLOGIES

Owner
Oakland County Water Resources = Engineer:
Commissioner NTH Consultants, Ltd.
Building 95 West- One Public 2000 Brush Street
Works Drive - Detroit, Michigan 48226
Waterford, Michigan 48328-1907 -
Start Date:
Owner Contact April 2015
George P. Nichols Completion Date:
(313) 969-7205 { December 2017
Final Project Amount: L
$3,194,899.00
Contracted Amount: i
$2,488,550.00 R . i
- Contract 6 repair work is located along the Avon Arm

Interceptor in PCI-11A extending mostly along Dobry Drive.
Work included the installation of 5,400 LF of Cured In Place
Liner of 36” to 48” interceptor. The scope of work included the
gaining access for Structural repairs to the interceptor included
patching a breach in the wall and repair of visible reinforcement
and where reinforcement outline is visible. Also included in the
scope of work is the injection of cementitious grout from within
the pipe in areas with suspected voids surrounding the
interceptor, seal running and gushing leaks with chemical grout.
Existing access manholes required modification and restoration.
Repair of localized cracks and fractures using chemical grout, interceptor lining of selected locations and
CCTYV inspection after completion of repairs. This project also included cleaning & televising of siphons.
b Y [
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L1683 Gravity Sewer System Condition Assessment & Renewal & I L‘ \ N 0

Replacement (1/1) Program Level 2

| b
Owner

City of Hollywood .
2600 Hollywood Boulevard City of

TRENGHLESS TECHNOLOGIES

Start Date: April 2015

Hollywood, FL 33020 Completion Date: Sept
2017
Owner Contact

Jose Polanco
(754) 208-9443
ipolanco@ hollywoodfl.org

Final Project Amount:
$7,757,350.00

\.

FLORI DA

Lanzo Trenchless Technologies was the
prime contractor for this project and self-
performed most of the work associated.
The project included obtaining permits
associated with the project, traffic
control and cleaning and CCTV
investigation of the sewers, Cured-In-
Place Pipe rehabilitation, point repairs,
grouting & other incidental work. After
review of the videos, Lanzo designed
the liner tubes per ASTM specifications

and installed the liners. Rehabilitation included 110,834LF of 8” to 48" Gravity
Mains at varying depths. Many of the sewers on this project posed a difficult
challenge due to the amount of ground water infiltration.



LN 2055 Battle Creek Sewer Interceptor Rehabilitation I LA N Z 0 ¢

TRENCHLESS TECHNOLOGIES g

L]
Delivering innovative trenchisss technology solutions
to rehabilitate the world's diverse infrastructure

Owner
City of Battle Creek, LE Engineer:
10 N Division Suite 214, Lockwood, Andrews and Newnam,
Battle Creek, MI 49014 Inc.
2121 University Drive, Suite 100,
Steven Luoma, g Okemos, MI 48864
Ph. No: (517) 203-5437 ™
7

To Date Project Amount: 'f%» Start Date — January 2016

$1,170,300.00 b4 Completion Date: October 2016
Actual Contract Amount: C <

$1,503,484.00 AP;TALO

This Project is located in Springfield, MI across the Kalamazoo river starting from Battle Creek wastewater
treatment plant. The Scope of work included rehabilitation of 5,511 linear feet of 48-inch fully deteriorated
sanitary sewer pipe through Cured-In-Place Pipe lining (CIPP), rehabilitation of sanitary manholes, sanitary
sewer spot repairs and sanitary manhole repairs.
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28137 Groesbeack Highway, Roseville, Michigan 48066
www.Lanzo.net



LN 2027 Western Township Haggerty Road 48-icnh Cured-In-Place Pipe " L A N D

Rehabilitation

TRENCHLESS TEGHNOLOGIES
Westem 1 '
Owner:
Western Township Engineer:
40905 Joy Road Stantec Consulting Michigan
Canton, Michigan 48187 3754 Ranchero Drive
Ann Arbor, Michigan 48108
Final Project Amount Chris Elenbaas
$1,491,635.32 (734) 761-1010
Chris.elenbaas@stantec.com

Start Date — July 2013
Completion Date: Nov 2013

Provide equipment, materials and personnel to perform cleaning, CCTV and
rehabilitation of sanitary sewers using
the Cured-In Place pipe lining method.

’ Work under this contract included 4,350
LF of 48” sanitary sewer located along
o Haggerty Road and Joy Road pavement.
- —— The 4,350 LF project included bypass,
- pipe cleaning and CCTV in addition to
the over the hole CIPP liner
installations.

——



1.L654 Taft Street 60-inch Sanitary Sewer
Cured-In-Place Pipe Rehabilitation

| 3
Owner
City of Hollywood
2600 Hollywood Boulevard

Hollywood, FL 33020

Owner Contact
Jose Polanco
(954) 921-3930

ipolanco@hollywoodfl.org

Final Project Amount:
$2,484,295.35

kucemssl\rslcuumgs

- Start Date: May 2014
Completion Date: Nov 2014

Lanzo Lining Services was the prime
contractor for this project and self-
performed all of the work associated.
The project included any permits
associated with the project, traffic
control and cleaning and CCTV
investigation of the sewers. After
review of the videos, Lanzo designed
the liner tubes per ASTM
specifications and installed the liners.
Many of the sewers on this project

posed a difficult challenge due to the amount of ground water infiltration. Lanzo

also engineered and

installed a new 48” X 60”
eccentric reducer. Lanzo also
corrected multiple infiltration
points in the line,caused by
ground getting into the line.
The size of these points
ranged from pinholes

to gushers like the one
illustrated to the right.



LL 703 48-inch Force Main Cure-In-Place Pipe Lining

Phase 2 Contract No. 17673

City of West

Owner

City of West Palm Beach

401 Clematis Street, 5% Floor
West Palm Beach, FL 33401

Owner Contact

Rudy Fernandez

(561) 882-5004

Rudy .Fernandez «'jacobs.com

Final Project Amount:
$7,450,242.90

Contract Amount:
$7,089,516.28

LY

LA O

TRENCHLESS TECHNOLOGIES

¢ Engineer:

Jacobs Engineering Group, Inc.
800 Fairway Dr. Suite #190
Deerfield Beach, FL 33441

Start Date;: November 2, 2016
Completion Date: March 2018

This project was located from North Military Trail and Roebuck
Road to Haverhill Road and Roebuck Road in West Palm Beach,
Florida. An extensive bypass was needed to re-route the Force
Main, using directional boring to partially bored under Military
Trail. Four access pits were needed to being the installation of the
Cured-In-Place pipe liner. These access pits measured 20 foot by
20 foot and were 20’ deep. The CIPP installation could not be
completed without installing the liner using the Wet Out over the
Hole operation. Wet Over the Hole is a method used to impregnate
the liner with chemicals on site, The liner was impregnated on site
due to

the

weigh

constrictions that the liner has if shipped from the
manufactures. The 48-inch liner was inverted using
water and cured using hot water that was circulated

through each liner installation.



LN 2060 Birmingham 2017 Sewer Lining Program
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TRENCHLESS TECHNOLOGIES 2

(] [ [
Delivering innovative trenchiess technology solutions
, to rehabilitate the world’s diverse infrastructure
[ ] ]

Owner .

City of Birmingham, N . w Engineer:

151 Martin Street o Hubbell, Roth & Clark, Inc.

Birmingham, MI 48307 " 555 Hulet Drive,
Bloomfield Hills, MI 48303

Paul O’Meara

(248) 530-1836

7

Start Date — February 2018

To Date Project Amount AT Completion Date: May
$786,997.00 _ - - 2019

Actual Contract Amount: T
$786,997.00

The Project was located on W Maple Road in Birmingham, Michigan. Cleaning and Televising was done from 6-inch to
21-inch Sewer followed by Cure-In-Place Pipe Rehabilitation. Leaks were sealed using Hydro Grouting. Manhole Joints
were sealed and repaired. Fencing was done throughout the construction site.

This project includes cleaning and lining of various public sewers in three areas of Birmingham. Approximate
quantities include 12,000 Lft. of sewer lining, ranging in size from 6-inch to 21-inch diameter, minor manhole
rehabilitation, plus other work to make a complete project. The CIPP rehabilitation was done through steam
curing.

-d

28137 Groesbeack Highway, Roseville, Michigan 48066
www.Lanzo.net



LN 2061 Clinton Township Sanitary Sewer Rehabilitation
T - M
Owner
Charter Township of Clinton,
Clerk’s Office,

40700 Romeo Plank,
Clinton Township, MI 48038

Scott Chabet, P.E.
(586) 726-1234

To Date Project Amount
$1,597,204.00
Actual Contract Amount:

$1,960,785.00

jLANZO.

TRENCHLESS TECHNOLOGIES =

Delivering innovative trenchless technology solutions
to rehabilitate the world’s diverse infrastructure

Engineer:

Anderson, Eckstein and Westrick,
Inc.,

51301 Schoenherr Road,

Shelby Township, MI 48315

Start Date — April 2018
Completion Date: June 2019

This Project is located at the intersection of Canal Road and Garfield Road on Clinton Township, Michigan.
The Scope of work included 16,815 Linear Feet of Cleaning and Televising from 10-inch to 27-inch of Sewer
Pipe followed by Cure-In-Place Pipe Rehabilitation. Joints for various size pipe were tested and sealed. All the
Sewer pipes getting rehabiltated were accompanied by By-pass Pumping. 1,250 SY of Pavement was restored.
15 Protruding Laterals were rapired and cut. The CIPP rehabilitation was done through steam curing system.

¥
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28137 Groesbeack Highway, Roseville, Michigan 48066

www.Lanzo.net



LL 684 FDOT Contract EST27 Lining and
Cleaning Various Sections of Storm Drains

FDOT

Owner:

FDOT

719 South Woodland
Boulevard

Deland, Florida 32720

Owner Contact:

Michael Raney

(386) 740-3524
Michael.Raney:«a dot.state.fl us

Final Project Amount
$1,468,776.50

ThﬂceLESSNTECHNOLES

Engineer:

FDOT

719 South Woodland
Boulevard

Deland, Florida 32720

Start Date: April 2015
Completion: September 2015

Lanzo Trenchless Technologies was the prime contractor for this project and self-performed
90% of the project. The project consisted of approx. 12,895LF of 15” to 48” diameter storm
sewers, inclusive of any permits associated with the project, traffic control and cleaning and
CCTYV investigation of the sewers. After review of the videos, Lanzo designed the liner tubes
per ASTM specifications and installed the liners. Many of the Sewers on this project posed a
difficult challenge due to the amount of ground water infiltration. Lanzo also exposed and
installed three (3) Manhole cover and frames to accommodate the lining of newly discovered

conflict sewers.
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LLL. 708 City of Ft. Lauderdale, Wastewater Conveyance System f’ L A N D
£

Long-term Rehabilitation Program RFQ 466-11799, Project #12214

: . F TRENCHLESS TECHNOLOGIES
Owner

City of Fort Lauderdale Engineer:

100 N Andrews Ave, City of Fort Lauderdale

Fort Lauderdale, FL 33301 CITY OF 100 N Andrews Ave,

Fort Lauderdale, FL 33301

Owner Contact FORT Start Date: January 2017

Jean Examond LAU D E R D ALE Contract Expiration: January

JExamond@fortlauderdale.qov 2020
Phone: 954-828-4507

Contract Amount:
$1,567,620.00

Lanzo Trenchless Technologies Inc South was the Prime
Contractor on this project, and the scope of work
included providing sanitary sewer rehabilitation for a
continuing contract for the wastewater conveyance
system long-term rehabilitation program on an as-needed
basis as authorized by individual task orders for
individual projects which includes the sanitary sewer
rehabilitation of the conveyance systems for pump
. stations, and related work as needed at various locations
- e throughout the City and the City's utility service area.
Work was commonly stipulated to be performed on City roadways and right-of-ways,
residential streets, as well as County and State roads. As of date there have been 3 work order
issuances for this contract for a total amount of $854,468.00 with actual scope work including
but not limited to 8”, 10” & 15” Main Line Lining, Cleaning & Televising, Root Removal, and
Lateral Lining.
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TRENCHLESS TECHNOLOGIES

Experience

Company Background

Lanzo Trenchless Technologies is a Michigan Based general contractor and engineering
company specializing in infrastructure, construction, and rehabilitation services.

Lanzo Trenchless Technologies is a part of the D’Alessandro family of construction companies
which are deeply rooted in the history of Michigan’s construction tradition and was established
over fifty (50) years ago. Lanzo encompasses a dynamic group of individuals that have come
together to form one of the most progressive construction companies in the industry. Lanzo has
formed alliances based on quality and integrity with customers throughout the country. Lanzo
employs a highly diversified staff of over 160 people and provides a full range of construction
services and contracting capabilities.

Lanzo has demonstrated the ability and the resources required for the construction

management and successful completion of a variety of construction services including:
« Water Transmission and Wastewater Collection Systems

Water and Wastewater Treatment Plant Construction

Roads & Highway Construction

Site work & Civil Construction

Marine Construction

Utility Construction

Demolition

Sewer/Watermain Rehabilitation

HOBAS and HDPE Discrete Slip-lining

Point Repairs, Emergency Repair Services, and Open-cut Excavation

Pipe Bursting using fusion weld HDPE or fusion weld PVC liners

Fully Deteriorated “Stand Alone” Rehabilitation of Pipes using the full range of

Trenchless Technologies

Lanzo’s staff of experienced professionals and skilled trade people has performed many annual
and emergency projects with similar requirements contained within this RFP in various regions
throughout the United States. With hundreds of small and large projects successfully completed,
Lanzo uses its capabilities and experience to provide innovative solutions for the most
complicated projects, and ensures that each project is completed on time, under budget, and
built safely to the quality expectations of the customer. Lanzo delivers a multitude of self-
perform capabilities, maintains its own local fleet of equipment.

Since 1993 Lanzo Trenchless Technologies has provided a cost-effective, less invasive
alternative to replacing failing underground infrastructure through a multitude of trenchless
methods. They were one of the first companies worldwide to use trenchless methodologies and
they continue to lead the industry with innovation in design, expertise, and experience. Lanzo
maintains that spirit of innovation by constantly expanding its services, equipment, and methods
to deliver high quality and long-term solutions to private and public-sector clients. Time-tested
and proven experience in all forms of cured-in-place pipe lining methodologies (CIPP) has
established Lanzo as one of the premier lining contractors in the U.S. with a reputation for
completing difficult work which has grown worldwide.



Experience

To date, Lanzo Trenchless Technologies has installed over fifteen million (15,000,000) lineal
feet of sanitary sewer, force main, storm drain, NSF 61 potable water transmission, large
diameter and non-circular CIPP applications throughout North America including over
4,000,000LF in wastewater collection systems within the past 5 years.

With its local presence, which includes a fully integrated state of the art wet out facility; Lanzo
stands ready to meet the challenges posed by any municipalities rehabilitation initiative. Since
1993 this company has been the most responsive rehabilitation contractor capable of reacting in
the shortest time to a myriad of needs including sewer breaks, collapses, watermain
emergencies, and issues requiring an imminent response.

Lanzo has been instrumental throughout the US with many complex design build and
emergency repairs one example of unique work is the rehabilitation of 22 outfalls in the City of
Detroit. These combined sanitary and storm sewer outfalls ranged in size from 36" to 84"
diameters that were fully deteriorated and some over 100 years old. This work uniquely
demonstrates the complexity and diversity of Lanzo’s capabilities with over 20,000 linear feet of
lining on this project alone.

Lanzo Trenchless Technologies owes its success to an emphasis on safety, consideration of
the community, and quality installation by experienced crews. Based upon our conservative
design and superior resins utilized; we provide third party testing as well as an unprecedented
unconditional five (5) year warranty on all technologies provided for herein.

Lanzo Trenchless Technologies delivers a multitude of self-perform capabilities, maintains its
own local fleet of equipment. Lanzo provides to its customers a distinct advantage through
operating two state of the art wet out facilities both in Michigan and Florida. The Florida and
Michigan facilities have produced over ten million (10,000,000) Lineal feet of CIPP meeting
ASTM F-1216 and ASTM F-1743 without failure during these past twenty (24) years.

e Cured-In-Place Pipe Lining (CIPP): Lanzo Trenchless Technologies is uniquely
positioned as one of the most experienced cured-in-place installers in the world.
Considered 'pioneers' in the industry, our initial introduction to the trenchless technology
industry was during a time when direct inversion methods, as described in the ASTM F-
1216, were not "public domain". As one of the industry's original in-liner licensees, Lanzo
was actively engaged in the creation and ratification of ASTM F-1743 that describes the
pull and invert method. At that time, the pull and invert method was considered an
alternate. It has since been specified and utilized successfully by Lanzo Trenchless
Technologies as well as other contractors in what are now tens of millions of feet of
installations.

Today we offer both direct inversion and pull and invert technologies depending on
which is best suited for the application. We also offer remote impregnated epoxy, UV
light, steam and ambient cured methods. With millions of feet installation experience in
all technologies, Lanzo can offer valuable insight and comparisons while providing
solution scenarios to meet your community's environmental, timing, and budget
objectives.
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Large Bore Sewer, Storm Drain & Non-Circular Pipeline Repair: Lanzo Trenchless
Technologies has a reputation for taking on and successfully completing the most
challenging underground renovation applications like those found in large bore, sewer,
and storm drain applications. Large diameter and non-circular installations of CIPP,
Carbon Fiber, and Structural Foam materials require a more thorough understanding of
project specifics as well as design and application

NSF 61 Water Main Rehab: All potable water main repairs must be NSF 61 certified to
insure all products compliance with recognized safety measures. Due to the potential
impact to the community, water main rehabilitation projects demand the most
experienced installers. Lanzo Trenchless Technologies offers several CIPP repair
methods that are certified, fully structural, and proven in stand-alone applications for
water main renewal or catastrophic repair and rehabilitation.

Carbon Fiber: The most significant advancement in the field of CIPP within the past
decade has been the implementation of a space aged technology known as sequential
carbon fiber epoxy or “Carbon Fiber Rehabilitation”. This method has been implemented
to preempt catastrophic line breaks in PCCP large diameter water and pressure mains
throughout the United States. Lanzo remains one (1) of only two (2) companies
nationally qualified, licensed, and certified to provide this preemptive rehabilitation
method.

Segmental and Glass Panel Liners: Lanzo has extensive experience with both
segmental, as well as, glass panel liners which allow our CIPP technology to be adapted
to applications requiring bends, transitions, and non-circular installation. Our product
options include GRP, Cellular Foam, as well as Polymer Concrete. Be assured that we
are staffed and ready to provide the turnkey services required on any of the most
challenging combinations of shapes and configurations of your fully structural “stand
alone” requirements.

Slip Lining: Lanzo Trenchless Technologies proudly received an award from for
installation of the worlds “Largest application” of HDPE in its eight thousand (8,000)
linear foot singular Fusion Weld seventy-two (72") project for Miami Dade Water and
Sewer Department (WASD). Lanzo has enjoyed decades of success including miles of
Large Bore HDPE, Hobas, and Fusion Weld products including several projects for
DWSD. We remain a licensed installer of Sekisui SPR (spiral wound) PVC, Sekisui
Norditube, RS Technic Citiliner and have proprietary access to breaking products such
as Fusion Weld PVC among others.

Pipe Bursting: Lanzo has installed over a quarter million (250,000) linear feet of
various Pipe Bursting applications including Sanitary Sewer Laterals, Mainlines, and
Watermains.

Manhole & Tunnel Renovation: With over 100 alternative manhole rehabilitation

methods available, the common denominators in determining a successful manhole or
tunnel rehabilitation include experience and careful analysis of the site-specific criteria.
While many materials may prove to be suitable solutions "in a lab", for the harsh sulfide
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gas, industrial chemical, and adverse temperature environments, the real test comes in
the field where materials, along with Lanzo expertise, and workmanship come together
for long term solutions.

Pipeline Cleaning & CCTV Video Inspection: With the advent of the Pipeline
Assessment and Certification Program (PACP), along with the established defect
classification protocol, we have entered a new era of pipeline inspection. However,
before lines can be televised for inspection, they must be properly cleaned. Lanzo
Trenchless Technologies has been directly involved in the preparation of over 8 million
feet of pipeline ranging in size from 4" through 144" in gravity, pressure, municipal, and
industrial applications. Whether we are desilting a vitrified clay sewer pipe or
detuberculating a cast iron water main, the pipe must be made ready for accurate
documentation of all defects, anomalies, and services encountered. Lanzo Trenchless
Technologies is certified and gualified to perform cleaning and PACP certified CCTV-
Video inspection services on all infrastructure rehabilitation applications.
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Large Bore Rectangular Box Culvert and Non Circular Rehabilitation
with CIPP

Fred Tingberg Jr."

'Lanzo Lining Services, Deerfield Beach, FI/ Roseville, MI

Abstract. This paper addresses the site specific challenges that lie inherent in rehabilitating large
diameter non circular pipe and concrete box culverts using the cured in place pipe methods described in
ASTM F 1216, as well as ASTM F 1743. This paper details the pipe preparation requirements including
corner grouting to allow for fully deteriorated design modeling as a large bore non circular case. |t
focuses on several case histories detailing the design thru installation including a triple barrel renovation
of a 8'-8" x 6'-0" rectangular box culvert. At the time of its instaliation, the triple barrel box was the largest
cured in place instailation of this kind in the worid. This direct inversion installation using methods
described in ASTM F 1216 utilized over one million pounds of isophtallic polyester resin. Due to the tubes
being too large to transport over the highway; three (3) tubes, each measuring twelve hundred foot, were
installed in a period of less than one month using the "over the hole” method of field wet out and
inversion.

INTRODUCTION

There are many benefits available when considering cured in place pipe in non circular application. This
rehabilitation method not only offers maximum retention of hydraulic storage potential, but it has been
proven to increase flow capacity by reducing the systems Manning’s coefficient. The unique ability of
this rehabilitation method to take the shape of its container most often precludes the need to bridge
problematic gaps or annular spaces (post rehabilitation) with substances such as grout.

Generally speaking, the risk associated with relying on post applied grout materials regard unfilled spaces
between the liner and host. These types of voids not only make the resultant structure suspect, but offer
capacity for the storage and flow of unwanted or detrimental contaminants. In many rehab methods, the
regulation of grout pressures and a continuous flow of grout material between the profile of a rough liner
exterior and a host pipe is far from an exact science. An example of an undesirable condition which may
occur should a gap remain between the rehabilitation and the host pipe is the infamous “annular space”.
The detrimental effects of this phenomenon include a condition known as “piping” where flow may
continue within the uiility after rehabilitation between the liner and the host pipe. Although an internal
video inspection may seem to reveal all is well, external to the liner pipe, water, silt, and ather effluents
may continue to flow while eroding the host pipeline and potentially undermining the soil envelope. Given
the objective in trenchless rehabilitation to renew the host pipe to a full service life expectation of fifty (50)
years or more; it is important to disallow such phenomenon.

A tremendous advantage afforded the designer of CIPP rehabilitations is the ability to rely on this method
to accommodate inline diameter and directional changes efficiently and economically. This paper shall

Paper A-1-02 - 1

Search



Index

document the successful fully deteriorated structural rehabilitation of large bore non circular pipeline and
box culvert installations with both transitions and directional changes using cured in place pipe methods
described in ASTM F 1216 and F 1743. Reliable grout methods for disallowing gaps, voids, and annular
spaces shall be presented.

F 1216 vs. F 1743

With direct inversion becoming “public domain” in 1995, several experienced contractors were afforded
the opportunity to obtain large bore experience with either method. There are some significant
cbservations which should be noted as to where there may lie advantage in quality and/or installation
efficiency when comparing these technologies.

ASTM F 1743 describes the pull in place of an impregnated tube followed by the inversion of a secondary
constituent known as a calibration hose. ASTM F 1216 describes the direct inversion of an impregnated
tube into the host pipe to be rehabilitated. Although, either method has been put to task in many large
bore applications; the success of the repair invariably mirrors the experience of the installation crew, the
quality of data extracted during the pre lining pipeline survey, pre lining pipeline preparation, and testing.
This being stated, we point to Black Point WWTP, a Miami Dade Treatment Facility which was
rehabilitated over ten (10) years ago using methods described in ASTM F 1743 (Figure 1). The failure
mode in this 96” to 72" to 48" three tiered reducing concrete pipe oxygenation train was classic sulfide
attack of the crown, ‘the father’ of sanitary sewer pipe failures. This four hundred fifty (450) foot
rehabilitation was allowed by staging a seven (7) day shutdown for each of the three critical treatment
plants influent lines. Each pipe to be rehabilitated had three inline eccentric reducers, one ninety (90)
degree, and two (2) forty five (45) degree bends. Further complicating matters was that each single shot
transitioned from 44mm to 37.5mm to 24.0mm material containing approximately one hundred thousand
(100,000) pounds of epoxy vinyl ester resin. Sufficed to say that attempting this rehabilitation with
methods described in ASTM F 1216 could be compared to an Olympic gymnast coming off the uneven
bars and “sticking the landing” after a routine with a difficulty factor of ten (10)!

After thorough cleaning and debris removal; pipeline preparation consisted of trowel filling all voids,
cracks, and fissures with calcium aluminate cement. Although the structural properties of grout or
cements utilized is not factored into the CIP tube design; it is important to achieve a continuous bearing
surface insuring contact between the liner and host pipe at all places. The goal is to utilize a material
which insures attaining the commonly achievable densities of compacted granular backfill or concrete.
The ASTM F 1743 installation method allowed for the liner to be winched into place while a careful
comparison could be made, in the pipe, between the position of the different material stages and the
pipeline anomalies themselves. Once the tube was properly positioned; the inversion of a calibration
hose ensued and a precise rehabilitation product was assured.

Conversely, in an outfall installation called B 29 on the Detroit River we encountered a 72" x 54" x60"
three tiered transition over a one thousand {(1000') foot distance rehabilitated using methods described in
ASTM F 1218. A post rehabilitation inspection using both non destructive, as well as core sampling
revealed the liner to be fully in contact with the host pipe throughout the length of the rehabilitation. The
Judges 9.9, 9.9, 10.0!

The parameters affecting successful inversion of a large bore rectangular box culvert or transiticna! CIPP
installation include:

Experience of the installation crew
Pre inversion pipeline preparation
Accurate survey data

Testing

Paper A-1-02- 2
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Figure 1 Transitional 96"x72"x48" Cured in Place Rehab favoring methods listed in ASTM F 1743

DESIGN CONSIDERATIONS

It is not the intent of this paper to spend a great deal of time rehashing the design methods stated in
ASTM F 1216, ASTM F 1743, or the WRc Design Types 1 thru 3. Rather it is recommended that these
designs be compared for applicability to the conditions encountered. There are many installations of CIP
technology that have been in place for adequate duration to demonstrate the viability of this methodology
in fully structural application meeting the criteria set forth in each of the afore mentioned design
approaches.

In the rectangular shapes encountered during the box culvert rehabilitations presented it was extremely
significant that full contact between the host pipe and liner was assured. This was achieved by instaliing
fillets in each of the corners allowing the tube to take on an elliptical configuration. Validation of the fully
deteriorated structural design could then proceed by considering the liner as an ovalized non circular
application, as opposed to a rectangle. Fillet dimensions were calculated after a comparison of the areas
between the rectangle to be rehabilitated and the circular tube to be utilized which, when inverted into a
box culvert, took on the shape of an ellipse.

in all cases the loss of area did not exceed 12% which was then regained hydraulically due to the intrinsic
efficiencies of flow characteristics in cured in place pipe. Ovality generally ranged in the 8% to 14%
range which caused substantial wall thickness increases when compared with comparable circular
rehabilitations; but none that proved prohibitive in handling or tube inversion ability. No rectangular box
rehabilitated exceeded a span to rise ratio of 2:1

Key design parameters

Design Method ASTM F 1216 /1743 vs. WRc Type |, If, or {ll
Span to rise ratio

Ovality of the resuitant Non circular Liner

Capacity change and tolerance for area reduction

Fillet design and dimensions

inversion length

Wall thickness
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¢ Weight of materials being installed
+« Over the hole vs. factory impregnated

INSTALLATION

There can not be enough emphasis placed on pipe preparation prior to installation of any trenchiess
rehabilitation. The properties, quality, and life expectancy achieved are always dependant upon the clean
and televise protocol adopted by the installer. Not only are these efforts the eyes and ears of the
operation on a production basis, but they set the stage for the instaliation’s ultimate efficiency and
technical success. In the cases of rectangular box culvert, large bore, and transitional liner application;
not only are the cleaning crews making the pipeline available for the critical survey step, but they prepare
the pipe for placement of the fillets and tube installation.

During the pre installation survey; defects and dimensions catalogued are compared with visual and
CCTV data collected. Prior to tube fabrication, analysis of the design dimensions and pipeline
configuration must take place. With critical lead times as long as three (3) weeks in mammoth tube
fabrication, the urge to rush the pre installation survey must be resisted.

The filiets are placed with a gravity fed trowel methodology at the inverts, while a mesh coping may be
used to keep material at the crown locations. Since the tube will expand upwardly as it is being installed it
may not be necessary to grout the crown prior to inversion. Alternatively, crown material may be either
pumped from the inside of the tube at fifty (50) foot intervals, pumped from above ground through
placement tubes (if access exists), or through placement tubes longitudinally which are extracted as
pumping proceeds. Excessive grout pressures must be avoided since this may cause undue pressures
on the liner application. Optimum results, however, are assured through gravity or mechanical pre
inversion grout placement methods.

Once the host pipe is fully prepared and geometrically modified the stage is set for the non circular CIPP
inversion. The installation may commence over the hole in cases where installation guantities exceed
those which can be transported, or conventionally, out of a reefer trailer or low boy hauled “cool box”.

An additional factor of safety may be implemented by increasing the anticipated resin consumption by a
sacrificial quantity of between 5% and 15%. This additional material insures intimate contact between the
liner and host pipe, while enhancing structural characteristics in the finished product and filling all cracks
and voids.

in transitional tiner applications (concentric diameter changes or eccentric increaser/reducer applications)
it should also be noted that it takes a distance of approximately three times the largest diameter over a
jongitudinal distance within the host pipe to make the transition desired. In other words in a five (§') foot
diameter equivalent round pipe it may take as much as fifteen (15") of longitudinal distance to make a
diameter change. This is also significant when performing pre installation grout preparation on the host
pipe.

The tube should generally be installed such as to overlap the smaller diameter liner into the larger
diameter host. In this case the effects of grout and sacrificial resin may be counted on for support in order
to avoid or minimize the phenomenon of fins. Fins occur when there is plainly more material than can be
distributed over the hydrautic radius. Cut away investigation of fining has demonstrated that this is not a
defect but rather the manifestation of excess material. This material may be cut, ground out or sanded if
there remains concern that a hydraulic inefficiency or debris flow blockage might ensue.
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Table 1. Boxes rehabilitated by methods described

METHOD WALL FILLET ROUND
THICKNESS/LENGTH  DIMENSIONS | EQUIVALENT
72" X 48" OVER THE HOLE | 38.5MM / 1605LF 18°X12" 60"
84" X 60" FACTORY 38.5MM / 910LF 18°X18" 72"
IMPREGNATED
72° X 104 OVER THE HOLE | 47.5MM /3600 LF 18"X24" 89"
B3"X 72 FACTORY 36MM / 700LF NONE 66"
INPREGNATED REQUIRED B
78 OVER THE HOLE  42MM / 3525LF 18°X18" 72"
TRAPEZOIDAL \
TESTING

The benefits of third party testing have been well documented and utilized over millions of feet of CIPP
installation. The ability 1o demonstrate properties achieved in the field by flexural medulus and flexural
strength testing of a composite resinffelt coupon not only validates the preliminary design basis but
additionally:

Proves the wet out phase was adequate

Insures that the prescribed cure / cool cycle was thorough
Serves as a secondary check of design wall thickness
May be utilized for resin verification

Upon conclusion of a large bore non circular or rectangular box culvert installation it may also be
advisable to do some internal pipeline verification of the corners using either destructive or non
destructive means. The simplest is a core sample where a small tap is drilled to insure that there is an
intimate contact between the host pipe and liner. A batch of ambient cure resin or epoxy and hardener
may be utilized to fill these taps upon conclusion of the verification. Where tapping a good liner is not
desired; a “sounding” of the area with a rubber mallet may be performed. Voids behind the liner will sound
hollow when struck. Should voids be detected there are several methods which can be utilized to insure a
suitable end result ranging from resin injection to cutting out the suspect area and performing a “hand lay
up® or sectional repair. For comparison purposes, consider that in the over ten thousand (10,000') lineal
feet of large bore non circular and box culvert rehabilitation documented in this paper the need to perform
this type of repair occurred twice while impacting only some forty (40) feet of pipe.
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CONCLUSIONS

in this paper we have documented the rehabilitation of over two (2) miles of non circular, transitional, and
rectangular box culverts which were successfully renovated to fully deteriorated model stand alone
structures with a renewed full service life expectancy using cured in place pipe methods described in
ASTM F 1216 and ASTM F 1743. The successes were attributable to contractor experience, superior pre
installation pipe preparation, accurate dimensional survey, and post installation testing. The pre lining
grouting methods successfully utilized were explained while alternative methods were presented for
consideration.
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Gelinas, M. (1999). Trenchless Repair of Larger Diameter Sewers. Proceedings of 1998 NoDig
Conference, Orlando, Florida, May 23-26, 1999.
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CAPACITY TO
BE DIVERSE

Combination of
Trenchless Methods
Applied to Michigan
Interceptor Project

By Fred Tingheryg

o late 2014, Lanzo Trenchiess Tech-

nologies received a call from NTH

Consulting and Drain Commiission of

ficials asking if there was interest to
competitively bid on the latest contracts
in a seres of projects called the Oakland-
Macomb Interceptor Drin (OMID). The
tasks to be performed included deep in-
terceptor pipeline and structure rehabili-
tation on problematic segments of sewer
straddling Oakland and Macomb Coun-
ties in southeast Michigan. This 50-year-
old coacrete systemi ran adjacent to a
crucial roadway (M 59) connecting the
east and west sides of heavily populated
suburban Metro Detroit.

There was concern as 1o competitive
market interest on a project that would
be mixing several different trenchless
technologles in one or two construction
packages valued in the $20 million range.

THE PROBLEM

Engincess bad identified that the sys-
tem was succumbing to sulfide attack of
reinforced concrete pipe and manholes
that were installed during the late 1970s.
Ag part of Segment 4 Repairs, it was
deemed a priority to evaluate and repair
more than seven miles of large diameter
interceptor sewers some 40 ft beneath
the acdve county thoroughfare to pre-
empt any “catastrophic” faitures.

The successful contractor would need
to provide a suite of services, including
permanent gecess road  construction,
high volume sewage control manage-
ment, ceémentitlous grout in place liners,
fully deteriorated model CIPP, large bore
spot repairs, cementitious grouting of
voids, access manhole restoration, localk
ized crack/failure repairs using chemical
grout and CCTV.
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Sealed proposals were reviewed by a
board overseen by Qakland County Wa-
ter Commissioner Jim Nash, Macomb
County Public Works Commissioner An-
thony V Marrocco, and State of Michigan
Department of Agriculture and Rural
Development’s Michael Gregg. Under
an MDEQ permit using State “SAW” Loan
and EPA funded money; the board solicit-
ed to contract work in both the Oakland
Arm (PCI0 / PCI 10), as well as the Avon
Arm (PCI 11) Interceptors. NTH served
as Jead consultant while 2 local engineer-
ing firm, FKE was similarly retained with
intimate knowledge of the system, pre-
valling defects and the pipeline’s poten-
tial for trenchless rehabilitation.

Pre-qualified contractors were required
to“self-perform” much of the construction
trade work by dollar volume. This provi-

Novamber 2015

sion added quality to the specification,
mioimized risk and insured that the gen-
eral contractor selected would perform
the work as specified while providing first
quality materials and workmanship.

Contractors performing the lining work
had to demonstrate a proven record of
performance in  pipeline rehabilitation
with minimum lineal footage and mini-
mum successful years of experienoe for
each of applications specified, Addition-
ally, like conditions and necessary skild set
for projects of this scale were considered.

Having experience in all of the pro-
posed techaologfes, Lanzo tendered bids
on both projects and was selected with
an overall price of under $16 million.Ad-
ditionally, Lanzo offered a five-year war-
ranty on all materals and workmanship
associated with the contracts.

www.drenchlessonline.com



George Nichols, BE. Oakland County
drain commission civil engineer Il, would
oversee the OMID Segment 4 Repair Pro-
gram, specifically Contracts 5 and 6, secv-
ing as project manager."Our objective was
to reduce system inflow and infiltration
(I&Y) while steucturally stebilizing the In-
terceprors being investigated,” he saiL

Work was difficult and dangerous, requir-
ing the utmost care in safety consideradon,
monitoring and management. The initial
phase of the contract included construct:
ing permanent gravel roads for access and
to insure constructability of the project.

The groutin-pface liners was com-
prised of a Permacast product, which
was selected for its corrosion resistance
and structural properties. The Permacast
pipelining material product was specially
designed for dry shot application and is
fuily compatible with Conshield, which
was specified to prevent Microbially In-
duced Corrosion (MIC) while resisting
the attack of sewer gases.

The Permacast material also contained
a Crystal X additive which creates a ¢rys-
talline waterproofing membrane to auto
heal any cracks which might develop.
This material may be put on in multiple
lifis without cold joiats.

For the chemical portion, a premixed
liquid acrylamide grout was formulated
and shipped by Avanti International for
ease of application and to facilitate a high
rate of installation.

Lanzo also used “Fuily Deteriorated De-
sign Model” curedin-place (CIPP) liners,
which would offer stand alone structural
characteristics while meeting the de-
mands of a 50-year service life expectancy.

High-quality isophthallic polyester
resin manufactured by Interplastic was
used in tubes welghing as much as
40,000 lbs each.

One of the early tasks was to tunnel
4 16-ft diameter shaft down to the 96-in.
diameter sewer crown, create access and
bulld a platform for staging of both the
chemical and cementitious grouting ac-
tivities within the pipcline.

Challenges included working in and
around flow that could not be disrupted
during the construction process. Much of
the work was conducted above existing
flow lines by holding cementitious de-
livery hoses at elevations above the hy-
draulic grade lioe.A cabled Hammerhead
Winch System was erected to pull con-
struction carts between access points as
far as 1,200 ft apart. Specially fabricated
platforms and this mobile carrlage deliv-
ery system insured the transport of ma-
terials to respective rehabilitation sites
within the pipeline.
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As part of the Segmeant 4 repairs, a sulle of trenchless methods were used, Including CIPP

cementitious Centripipe and grout-in-piaca linars.

As part of the inspection process, any
reinforcing steel that was identified as
suspect was slated to be replaced as di-
rected by the engineer

The owner's objective was to per-
form as many repairs possibie given this
unique opportunity to have total access
to this critical trunk sewer interceptor
during the project.

Lanzo Trenchless North principal
Angelo D’Alessandro was involved in
periodic evaluation meetings where ad-
ditional rehabilitation of lines already un-
der bypass was considered.

“The cost to bypass, access and enter
these sewers is high. It's in everyone'’s
best interest to make hay while the sun
is shining,” said D’Alessandro. An oppor
tunity was identified given a window of
time to provide expanded services, while
already under bypass, in order to mini-
mize future risk while conserving cost
moving forward.

Anticipation of repairs as specified,
while thorough, did not cover every inch
of pipeline, The cost to return vs. the cost
of making additional repairs while in
the pipeline was considered. Engineers

November 2015

discussed the ability to anticipate ateas
which would be the next in line to un-
dergo attack. Work in additional *areas of
concern” was then added and performed
concurrent with the specified schedule
of services.

It was decided to perform additional
CIPP lining which would offer 2 "one and
done™ approach to select Hoe segments.
This would effectively take these lines
out of any future consideration for main-
tenance or ongoing evaluation. Given a
CIPP service life expectation of ar least
50 years, the cost of evaluating the sewers
every eight years or so affords diminished
retums when major flow control manage-
ment (bypass), maintenance of traffic and
social cost of disruption is considered.

On a grand scale, the OMID projects
represented an overall $160 million ef
fort by the board which has been under
construction since about 2009. Scgment
4 activities are ongolng with an anticipat-
ed completion date of spring 2016.

Fred Tingberg is manager of busi-
ness development at Lanzo Trench-
less Technotogies.

www.irenchlessanline.com



DIRECTIONAL
DRILLING

Contractor Savings

As the water crisis continues to chal-
lenge businesses in California and else-
where, many businesses are looking to
relieve environmental pressures through
sustainable practices. Neveetheless, de-
creased water consumption and recy-
cling efforts can also retain profits for
many contractors — a win-win for con-
traciors and the environment. While Auid
recycling is becoming increasingly com-
mon due to advances in HDD technology.
contractors are pursuing the process for
a variety of rcasons.

Cost is one key driver.The cost of ad-
ditives and disposal fees for 1,000 gals of
drilling fluld can range from up to $600
or more — and this does not include wa-
ter and transportation COsts,

Also, because drilling fluid is being
recycled during the pumping process,
lower fluid volumes mean fewer addi-
tives and less water consumption. For
example, an opertion with a 30,0001b
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puilback drill unit may pump 20,000 gals
of fluid throughout the project.Yet, when
a micro recycling system is used, the ac-
tual fluid loss may only be 1,500 gals of
drilling fluids throughout the entire oper-
ation.And because reduced drilling filuid
lowers the number of vac systems and
trucks needed for mud extraction, it can
also lower fuel costs substantially.

Using fewer additives, water and trans-
portation resources can Save contrac-
tors hundreds to thousands of dollars
throughout the drilling process.

Additionally, most HDD projects use a
stand-alone mud-mixing system, employ-
ing more machines throughout the op-
eration. Mud-recycling systems, however,
can also mix fluids and reduce the need
for a vacuum trailer or truck, requiring
fewer machines and operators.

Environmental Reliet
Emissions, drilling fuids and water
consumption are diminished during the

al ]
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And although HDD fluid
recycling still requires

a skilled operator for
maximum efficiency, the
benetits of increased hole
velocily include increased
production, improved
tooling life and reduced
risk of inadvertent retums.
For utility contractors,

this means fewer trips to
haul water supplies and
dispose of fluids. For the
environment, this means
less water consumption
and additive and landfil
use after the process

Is complete.
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from 4” through 144"
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“Green” Cured in Place Pipe Utilization, Styrene Free Emerging Methods and Resin Systems

Fred Tingberg Jr.

Business Development Manager Lanzo Lining Services Deerfield Beach, Fl

ABSTRACT: This paper compares Non Styrenated, UV Light, Remote Epoxy CIPP, and Sequential Wrapped
Carbon Fiber/ Epoxy teclmology in applications where the presence of VOC's, fuomes, vapors, is unacceptable,
undesirable or impractical. Several recent case histories of successfully instalied CIPP applications are presented
where the application did pot allow for Styrene emissions either in the Vapor Phase during Cure or during the
release of liquid Styrene laden process water during commissioning of the pipeline. UV cure technology is also
compared which, while styrenated, requires no process water resulting in styrene concentrations well below those
realized during typical CIPP installation. Finally in NSF 61 Certified Application there is no room for introduction
of solvents, reagents, and residuals into the distribution side of the municipal water stream,

The practical limits of Styrene usage in the trenchless industry has become controversial citing environmental,
exposure, and safety issues. The use of non-styrenated, UV Cure, and Remote Impregnated Epoxy Resins in CIPP
installation sidesteps this debate while offering the benefits of close fit, full structural, and pressure rated cured in

place pipe.

Issues associated with styrene usage, such as cycle water contamination and airborne odor concentration has been
largely eliminated in Europe through the evolution of UV, as well as, Remote impregnated epoxy technologies.
While it remains to be seen as to the timing of this change within the US; both sides along with the economics of
this issue will be presented within this paper.

The movement towards more “Green” materials in construction has been largely accepted in concept while the
Owner/End users must weigh the economic impact of such materials as compared with alternative means of using
styrenated products and more common technologies. While styrene utilization remains commonplace within our
industry; Green or sensitive application requires containment, absorption, and/or shielding methodologies. This
paper shall demonstrate the successful installation of CIPP without Styrene in applications where Odors, Exposures,
or Contamination could not be tolerated.

INTRODUCTION

The issue of styrene utilization in CIPP installation is recently become controversial within the United States stirring
debate within and outside of the Trenchless Construction Industry {1]. Experis point to the five year lag in
technology implementation between Europe and the United States arguing that today’s snapshot overseas would
demonstrate less usage of styrenated resins in favor of UV and Remote Impregnated Epoxy Technologies. In this
country the increasing use of CIPP bas been an adaptive process while solving the gamut of trenchless application
ranges from small to large and non-circular diameter, pressure rated, storm drain, industrial sewer and process pipes
has largely been accomplished with little or no effect being attributed to the use of a common, inexpensive, and in
CIPP, practical solvent known as styrene.

On the other hand; as we strive to become more environmentally responsible; what were once novel process are
coming under increased scrutiny for the monitoring, exposure to, installation and transport of VOC laden
constituents.

Additionally; the need to contain, shield, absorb or eliminate solvents needs to compare with cost 10 provide the user
with an end result that is both cost effective and practical.



Exhibit #1: Non Styrenated Gravity Sewer Rehabilitation at Indoor Casino:
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(Figure#1 Trappers Alley, Detroit Michigan)

Greek town was selected for downtown survival and revival in the seventies. Part of this effort was the development
of Trappers Alley as a brick mall encasing of a street whose history dated back to the fur trading days of the
eighteenth century.

Seemingly unconsidered in this development was the existence of a one hundred (100) year old 18” to 15” transition
sewer some twenty feet below the surface of what was now a full service gaming casino and restaurant complex.

When numerous complaints emanating from ongoing backups, odor jssues, and flow restrictions failed to be satiated
with routine and ongoing cleaning and plumbing efforts; CIPP became the solution of choice,

One of the parameters made pecessary was the zero tolerance for Casino Closing during the rehabilitation effort.
Additionally, the two hundred plus foot instaliation with an inline transition and multiple service reinstatements
would require an around the clock installation schedule. The issue of styrene emissions were discussed and deemed
by the mansgement company to be unacceptable.

A styrene free resin was selected and approved based on its property where during exotherm it remained virtually
odor free. Fully deteriorated structural properties along with comman cycle times and installation method mede the
selection an easy one fo make.



Exhibit 2: Non Styrenated Pressure Pipe in Water Fountain Application at Detroit’s Rensissance Center:

(Figure #2 Renaissance Center Fountain overlooking the Detroit River)

At the same time the Casino Project was being constructed a call came in from the Management Company
responsible for the Renaissance Center in Downtown Detroit. A pressure pipe bencath the plaza facing the Detroit
River had become deteriorated causing shutdown of & critical and decorative centerpiece of the complex also the
focal point of each summer’s Downtown Detroit’s multi heritage festival schedule,

While there wes no declaration of NSF 61 water main requirement; the fact that children commonly come in contact
with this water during the summer festivities gave the owner csuse 10 seek a “green resin”. In fact, the styrene free
resin used at the Greek town Casino project had recently been submitted to NSF 61 for leach testing in accordance
with the UL/NSF 61 certification process. This rendered substantial chemical analysis available for submission to
Engineers reviewing the project offering comfort with regard to the fountain application.

The project required CIPP lining of twin twelve (12”) inch water fransmission lines rated at 100 psi. The ASTM F
1743 (pull and invert) method implemented during installation allowed for a successful installation, pressure test and
return to service within one week of project commencement.



Exhibit 3: UV Cured Trank and Collection Sewer Interceptor:

(Figure #3 Light Train inserted into a 30" Trunk Sewer on Division Street)

UV cured CIPP utilizes resin which while styrenated allows only minimal emissions since:

¢  There is no Process Water release upon conclusion of the lining process
¢ The tube is encapsulated in a protective black plastic which acts as a UV shield
e  Fully deteriorated design refies more heavily on Tube Reinforcement than resin during wall selection [2]

During installation of the Division Street Interceptor Project for the City of Dover over five (5,000°) thousand feet of
trunk transmission and residential collection sewers were lined on an extremely tight schedule within and around the
Downtown area. Cycle time to install was significantly reduced in that the typical iofiate/ cure/cool/ process water
release was sidestepped in favor of the Air inflate/UV Cure steps used with UV methodology. Additionally; there
were no residential complaints or calls from residents concemning the matier of Styrene Odors which may be
ordinarily be expected during the implementation of standard styrenated polyesters and vinyl esters.

Exhibit # 4: Remote Impregnated NSF 61 Certified Epoxy Water main:

Remote Impregnated Epoxy looms as a highly desirable CIPP methodology. This method aliows for the transport of
the entire wet out procedure to the respective jobsite; while using the beneficial properties of 100% solids, 0 VOC’s,
structural epoxy which has tremendous structural, adhesion, and life span benefits. The process is applicable to
Gravity, Pressure, High Corrosion, and NSF 61 Potable Water application. This process enjoys widespread
acceptance within Europe and has proven to be an Engineers favorite since it is so repeatable, recordable, and
controllable.

A 3,000 If NSF 61 Residential Distribution Water main of 8" through 12" was installed tested at 100 psi on
Theodore in Clinton Township, Michigan and using this technology [3]). Remate Impregnated Epoxy methods
include products such as Norditube, Aquapipe, and Blue Line Citi Liner by RS Tecknik.



Exhibit #5: Non Styrensted Gravity Storm Sewer Culverts in Environmentally Sensetive Wetlands:

A styrene free resin was selected and approved based on its property that no styrene could be relessed into the
environment which might pose a risk to Fish and Wildlife. Fully deteriorated structura) properties and a fifty (50)
year service life expectation were desired using the direct inversion methods described in ASTM F 1216, No
styrene was rcleased since none existed in the products dclivered to this environmentally sensitive Wetland
application. On another note in the wetland application thermal shock must also be considered prior to process
water release. While ASTM F 1216 discusses cooling to 100°F prior to release, process water might be cooled
further, transported out, or pumped onto adjacent ground in an effort to eliminate any chance for Fish kills or other
undesirable environmental effect. Several installations of 36" & 48™ Non Sytrenated CIPP were installed in culverts
throughout the Loxahatchee Water Reclamation District during this project

Exhibit #6: NSF 61 Certified Carbon Fiber/ Epoxy Matrix Sectional Lining in Cylinder Pipe Watermains:

In the late Seventies (70°s) and Early Eighties (80°s) a large quantity of defective Prestressed Concrete Cylinder
Pipe became distributed to major municipalities throughout North America. This pipeline product became depended
on for Potable Water distribution in High Pressure Transmission Mains. Only recently have these utilities become
“condition assessed” for potential to allow catastrophic line break and failure. The utilization of a Space age process
involving sequential Carbon Fiber wrapping technology altows for the implementation of NSF 61 certified internal
sleeving to preempt line breaks given pressure ratings of 150psi or more. One such installation of this technology
was & 54" 150 psi Water Transmission Line in Metro Dade County. The strict UL certified NSF guidelines atlow
for no harmful solvents to remain residual in what will become the rehabilitated water supply. This technology
shows great promise for growth as the Nation prepares to forge forward with new Federal mandates for Water
Infrastructure Rehab and Renovation.

Other means and methods:

A reagent known as “Sty Redux” has also been utilized on certuin projects where strict limits have been placed on
concentrations of styrene in the process water released. This compound, when added to the process water within a
water cured inversion column, causes the styrene present to polymerize for easy collection upon release of the
cooling water that was utilized. The implementation of a Pre Liner should be added if the concems include Styrene
emissions in a gas phase up through the lateral stacks of the sanitary applications being rehabilitated.

Frac Tank water collection, Pre liner utilization, and closed system containment are all ways which can be utilized to
diminish any levels of styrene which ultimately become released into the environment,

The Numbers:

Regarding Styrene; the author of this paper has been associated with over eight Million (8,000,000) lineal feet of
CIPP installation using styrenated resins during which time we are not aware of one individual whose health has
been directly impacted by exposure to the styrene emissions prevalent using conventional methods described in
ASTMF 1216 or F 1743. Styrene concentrations as they pertain to recognized levels are:

Human recognition 2ppm
Monitored during Wet out 17ppm
TWA (NIOSH) 50ppm [4]

IDLH (NIOSH) 5000ppm



Putting this in perspective then; the Human Nose can detect 2 parts per million of styrene while in accordance with
OSHA guidelines the “Time Weighted Average” for exposure is 50 parts per million during a forty (40) hour
workweek. The Immediately Dangerous to Life and Health exposure limit tops 5000 parts per million, While in the
mixing room within a CIPP wet out facility it is uncommon to monitor concentrations greater then 17 parts per
miltion. Given this insight; it is safe to say that odors associated with styrene in and around the CIPP process as we
presently know it; may represent more nuisance than hazard, However; certain individuals may possess seasitivities
to this or any other solvent which is perhaps why the potential for eliminating its use is compelling. Additionally,
the implementation of Styrene taden resins in wetlands and waterways may pose risk to wildlife if one or more of
the methods listed in this paper are not utilized.

Cost:

The bottom line is that what we as a society are willing to pay to “go green”, eliminate solvents, or minimize
sensitivities. When so many millions of feet have been successfully installed within The United States and
clsewhere; using an efficient, cheap, and proven styrene based material such as iso polyester and vinyl ester resins;
those leading us into the next generation of Rehab methodology or toward the European Madel will need to provide
persuasive guidance,

Estimate Cost of comparative technologies eliminating or minimizing Styrene Exposure

Conventional Styrenated Resin Application $ 4-3 8 per diameter inch [5)
Non Styrenated Resin Application $ 6- 310 per diameter inch
Remote Epoxy Impregnated Application $ 8- $12 per diameter inch
UV Light Cured Application $10- 816 per diameter inch
Sequential Wraped Carbon Fiber / Epoxy Matrix $75-$100 per diameter inch

Many factors must be weighed along with these crudc estimates such as site specific information, access, cycle time
allowable and others.

Conclusions:

The intent of this paper was fo discuss and compare methods where the use of styrene emissions needed to be
sidestepped, minimized or eliminated. The use of styrene continues in the face of Federal Initiative suggesting
against its use along with the persistent nuisance represented by emissions of adors and release of chemicals within
our environment and at the home sites of the unsuspecting public at large.

For purposes of this presentation the facts surrounding the applications listed: made selection a non styrenated or a
reduced emission styrenated product, &s opposed to solvent styrene based product forthright and justifiable.

Simply adding these products to the specifications will no more insure their utilization then the specification of
“silver plating” as an equal alternate to “‘galvanized” in storm drain culvert manufacture,

Objectives such as the removal of styrene, elimination of the nuisance and risks associated with solvents, or the
desire for properties such as reduced cycle time and higher physical properties; will only be achieved by direct
specification of the Owner/Engineer.
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LANZO COMPANY HISTORY

Lanzo has been a leading competitor in the construction industry for over 45 years. Lanzo was founded in Rosevilie,
Michigan with offices presently in Detroit, Michigan, Atlanta, Georgia and Deerfield Beach, Florida. Lanzo employs a
highly diversified staff of over 400 people providing a full range of construction services with contracting capabilities
including:

Professional Services Heavy Construction
» Construction Management + Road & Highway Construction
+ Engineering Design/Build - Site Work/Civil Construction
- Water Transmission
Trenchless Technologies « Wastewater Collection Systemns
» Cured-in-Place Pipe Lining - Water/Wastewater Treatment Facilities
« “Over the hole” Application » Marine Construction
- Noncircular, Box Culvert and Large Bore CIPP - Demolition
« NSF61 Certified Waterline Rehabilitation
- Air Duct/Plenum Reconstruction Land Development
« Lateral Rehabilitation - Acquisitions
« Interface seal technology - Design Build

At Lanzo, we value our employees and the residents of the communities within which we serve. Our mission at
Lanzo is to provide safe, high quality, cost-effective and on-time construction, Lanzo is an equal opportunity employer
meeting all Federal, State and Municipal health & safety regulations. We hold the highest level of ethics and are
committed to ensuring the safety of our employees along with both the convenience and safety of the residents of
the communities we service.
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Trenchless renovation in storm drain application Environmentally friendly “Green Resin Formulations®
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FORWARD

At the time of this publication, Lanzo Lining Services marks seventeen years serving the municipal, industrial, and
public works rehabilitation marketplaces with a quality cured-in-place pipe (CIPP) liner. Having installed over 6,000,000
linear feet of sanitary sewer, force main, storm drain, NSF 61 potable water transmission, large diameter, and non-
circular CIPP, we offer this newly revised second edition of the Lanzo Lining Services Design Guide as continued
confirmation of our experience with design and application.

With millions of feet of CIPP in service throughout the world, it is not necessary to state the applicability or validity of
CIPP as a proven rehabilitation technology. Over the years the industry has witnessed the introduction of many new
products competing for a portion of the pipeline rehabilitation market. Severai seemingly logical technologies have
dissipated due to a number of reasons that include short term failure, lack of marketplace support, poor installation
practices, and inexperienced contractors. Some products have failed in aggressive environments unanticipated by the
designer or installer.

Lanzo Lining Services success can be attributed to five primary directives:
1. An emphasis on safety

Consideration of the community.

Quality installation by experienced crews.

A conservative design approach and superior resins.

Third party testing of each liner run.

ok wN

DAILY THIRD PARTY TESTING vs. CATEGORIC LONG-TERM TESTING

The mere use of long-term testing for product selection is inadequate. The participation in a long-term testing
program, while notable, does not insulate the customer from workmanship flaws, inferior resin or batch irregularities,
or day-to-day jobsite fluctuations. There is no better way to prove quality and product reliability than to take a test
specimen from the actual installation being lined and have it tested by a third party laboratory. For instance, the ability
to retrieve samples from CIPP installations with properties in excess of 350,000 psi flexural modulus demonstrates
that the submitted design basis has been validated. This additionally proves out the quality of the liner wet out, the
adherence by the installer to ASTM installation practices, and the quality of the resin actually used on the day of the
installation. 1 he existence of over six million feet of Lanzo installed CIPP in service throughout the United States and
Canada may serve to qualify our technology as viable, conservative, and safe.

INNOVATION

Our service is the daily solution of problems and pursuit of a quality installation. This is not simply the installation of a
product, but rather the accomplishment of a complete sequence of events ranging from resin preparation and wet
out to installation, utility reinstatement and jobsite cleanup with minimal disruption to the surrounding community.
In the evolution of our company, many new product developments, installation tools, and refined practices have
combined to make the use of our service a practical occurrence, Our conservative use of the highest design standards
and field proven methods have been applied to diameters as large as 120, circular and non-circular storm drain
applications, pressure rated force main and NSF 61 certified water main “stand alone” pipe liner installations.

1 © 2010 Lanzo Lining Services, Inc.  All Rights Reserved
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INTRODUCTION

OBJECTIVE OF THE MANUAL

This manual is intended to serve both as a general reference as well as an educational tool for the owner or project
engineer designing infrastructure rehabilitation projects. The technology presented includes cured-in-place pipe, NSF61
certified water main transmission and potable water distribution pipeline rehabilitation, lateral lining, large diameter
circular and non circular structural pipeline repair as installed by Lanzo Lining Services.

Cured-in-place pipe is prepared and installed by first saturating a specially fabricated tube with a thermosetting resin. The
flexible, resin-saturated tube is installed by pulling it in place or inverting the liner into itself directly through the host pipe
using either an existing or constructed access point. With the use of a static head of water, steam pressure, or pressurized
air; the resin-saturated tube is pressed tightly against the existing “host” pipe. The water or steam is then continuously
circulated through a heater in order to quickly polymerize the thermoset resin which forms a new pipe within the existing
“host”pipe. Lateral connections are easily identified where the finer dimples and may quickly be reinstated robotically. All
of these steps are typically accomplished without the need to excavate demonstrating truly trenchless technology.

Members of both the public and private sectors are finding the benefits of cured-in-place pipelining immeasurable, This
trenchless rehabilitation technology allows placement of pipe within a pipe with “stand alone” structural characteristics
while eliminating infiltration and exfiftration at a lower cost, in less time, and with fewer inconveniences to the owners
and the communities served.

LANZO LINING SERVICES CONSTRUCTION EXPERIENCE
Lanzo Lining Services is among a handful of companies proven competent in the use of a wide array of cured in place
pipelining technologies to rehabilitate deteriorated water, sewer, and drainage pipelines.

Lanzo Lining has successfully installed over six million (6,000,000) linear feet of cured-in-place pipe throughout the
United States and Canada, in pipe sizes ranging from 6" to 144" Our specialties include farge diameter, non-circular,
pressure, high temperature, and corrosive environments in collection, transmission, treatment plant, industrial, NSF 61
potable water main, environmentally sensitive,”green”and storm drain applications. [1,2].

Lanzo Lining Services has installed over 1,000,000 feet of large bore CIPP, of which over 250,000 feet has been placed
using “over the hole"wet out/installation technology; where factory liner preparation or transport to the remote jobsite
location was not possible, We have installed non-styrenated polyester, non-styrenated vinyl ester, and epoxy resin
impregnated tubes where environmentally sensitive, potable water transmission or air plenum ventilation application
prohibits the use of styrene or other VOC’s,

s

e

“Over the hole”wet out and installation of large bore circular, non-circular, and box cubvert applications
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THE CORROSIVE PIPELINE ENVIRONMENT

Accelerated aging caused by hydrogen sulfide-related corrosion has generally caused premature failure of our nation’s
sanitary sewer infrastructure. Awareness of the existence of corrosion and concern about its effect on the sewer
system has been an issue since concrete and ductile iron first started displacing clay and brick as the primary materials
in sanitary sewer construction. Even though it was known that some corrosion would take place, precautions taken in
the sewer design and pipe thickness were intended to produce the 100+ year life expectancy of the sewer system [3].
However, within the last 25 years, hydrogen sulfide-related corrosion has accelerated at an alarming rate throughout
the US. and has been documented by the Environmental Protection Agency (EPA) in a number of studies [3,4,56]. The
primary cause of the accelerated corrosion has been attributed to the proliferation of several strains of Desulfiobrio
bacteria in response to the reduction of cyanide and other heavy metal pollutants regulated by the EPA [3,4]. An
anaerobic bacteria living in the slime layer on the lower hemisphere of the pipe reduces sulfur-containing compounds
to hydrogen sulfide {(H25). An aerobic strain living in the slime on the crown of the pipe oxidizes hydrogen sulfide
to sulfuric acid (H2504). Routine wastewater pH measurements often indicate the effluent to remain in a range of
pH 5-8, which would not ordinarily be of concern. However, the area of most concern with materials having low
acid resistance is in the slime layer itself where the aerobic bacteria live. The aerobic bacteria have been observed to
produce sulfuric acid up to 5% by weight (i.e,, pH ~ 0.28) and remains viable in concentrations as high as 7% (i.e., pH
< 0.15) {4,7]. At these acid concentrations unprotected concrete or ferrous metals are readily decomposed, producing
holes in the top of the pipe commonly found during inspection.

ADMINISTRATIVE ORDER/CONSENT DECREE

Sewage overflow restrictions, overflow monitoring, and stiff penalties for non-compliance imposed by the EPA and
state water agencies have motivated municipal sanitation departments to develop aggressive programs to maintain
and/or rehabilitate their systems [4]. These programs have fostered the growth and acceptance of number of trenchless
pipe rehabilitation techniques, as well as creative maintenance solutions [4,6,8]. The most popular current ongoing
maintenance program utilized by many sanitation districts is the development of chemical treatment protocols and
inventive application technigues to control hydrogen sutfide corrosion [4,6,8]. Depending on the program objectives,
regular addition of one or more chemicals can reduce existing hydrogen sulfide, neutralize the acids, temporarily shock
the bacteria, or accomplish all three. Chemicais commonly used for this purpose includes strong oxidizing agents
(i.e., hydrogen peroxide, sodium hypochlorite (active ingredient in bleach), chlorine, potassium permanganate), weak
oxidizing agents (i.e., oxygen and air injection), acid neutralizing bases (i.e, sodium hydroxide), and iron salts [4,6]. Use
of magnesium hydroxide has been utilized as a thick alkaline chemical coating on the crown of cementitious pipe in
order to neutralize the acid gases and kill the acid forming bacteria.

In general, this nation’s sanitation system has changed dramatically within the last several decades and will continue
1o evolve. Studies demonstrate that decreased flows related to water conservation efforts increase the corrosive
environment in sewer systems {9]. It is suggested that municipal efforts to reduce inflow and infiltration (/1) through
rehabilitation will also increase hydrogen sulfide-related corrosion and concentrate all other chemical agents present
[10). These and other unpredictable changes may necessitate lining to fortify existing pipelines against an increasingly
aggressive corrosion environment [11].

Finally as the nation’s infrastructure becomes tighter and additionally rehabilitated; the concentration of the many

chemicals contributing to system deterioration will naturally increase, This will further emphasize the need to
completely renovate our systems and finish the job started.
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ALLOWABLE LEAKAGE BY SPECIFICATION

tnfiltration & inflow reduction Maximum flow capacity

As a continuous and joint free pipe material, CIPP has been part of a"Green Revolution”even before the environmental
community first coined this phrase. The evolution of specified materials has allowed the Engineering Community to
reduce the allowable passage of effluent through the joints of newly installed or rehabilitated pipelines, thus improving
the overall environment. As late as the 1980's a leakage level of 200 gallons per inch-mile-day was commonly found
in new vitrified clay pipe installations and this has now been reduced to a level of 50 gallons per inch-mile-day
available with Unibell installations of PVC pipe today. The impact of a zero leakage system such as CIPP should prove
instrumental as efforts to move towards a “greener” society remain emphasized. CIPP offers the luxury of a “pressure
rated” sewer pipe where leakage either in or out of the system was previously commonplace in new installations.

CIPP BACKGROUND AND APPLICATION

NSF 61 Certified water main rehabflitation ASTM F1743 Pull & invert technology

The full technology development of cured-in-place pipe as an industry is attributed to Insituform Technologies back
in the early 70's in the United Kingdom. As the technology grew, installation techniques, materials advancements
and product marketing were all combined to spawn the international multibillion-dollar business it is today. Recent
estimates place the total number of cured in place pipe feet installed at over 100 million feet woridwide. At the
present time the North American market has become the largest in the world for CIPP as for many other trenchless
technologies.

Cured-in-place pipe has achieved wide popularity and acceptance because it is one of the most versatile methods of
trenchless pipeline renewal that exists today. Many of the key features of CiPP are summarized as follows:
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i. CIPP is able to span a diameter range of 4 inches to over 120 inches.

2. CIPP has been used to rehabilitate sections of pipe over 3000 feet in length.

3 CIPP can rehabilitate non circular pipe configurations such as ovals, boxes, bends and transitional diameters
without digging.

4. Used to rehabilitate partially, as well as, fully deteriorated pipe.

5. Used for gravity, internal pressure and vacuum applications.

6. CIPP is used in extremes of temperature and pH.

7. Specialized products meet NSF61 certification for potable water pipe distribution, green resin applications
in sensitive environmental areas, and ventilation applications where styrene use is prohibited

8. CIPP eliminates inflow and infiltration, as well as exfiltration.

9. The smooth inner surface of CIPP increases the flow capacity of the existing pipe.

10. CIPP has ASTM F1216 [12] and ASTM F1743 [13] installation specifications.
11. CIPP tube and resin materials are specified by ASTM D5813 [14].

CIPP INSTALLATION DETAILS

In this section of the manual a general description of the various installation techniques will be described for both the
direct inversion and pulled-in-place Installation techniques. The descriptions and figures detailed are not intended to
encompass all aspects of any given installation. Variable job site, underground piping, and climatic conditions may
necessitate a variety of modifications to these descriptions that are intended to produce the same installed product.
The basic categories involved with CIPP installation involve the following steps:

Inspection

Pipe and job site preparation

Tube preparation

Tube installation

Tube curing and cool down

Lateral reinstatement and finishing steps

o ;o w N =

Inspection - Initially before any lining tubes are prepared the existing pipe must be CCTV inspected for debris, roots,
damage, offset joints or any other anomaly that does not allow for proper CIPP installation. Inspection also involves
measurement of the pipe diameter, pipe length, manhole depths and records of pipe location and other job site
conditions (i.e. overhead power lines, or railway, backyard easement, excessive sewerage flows, etc) that can be
properly planned for to help the project proceed efficiently. CIPP can easily be installed over dirt and debris, through
severely offset joints or around protruding iaterals, and in multiple bends as severe as 90" CIPP will not eliminate
existing pipe defects, but rather will contour the configuration of the host pipe being lined. it must be determined
that later inspection with CCTV or water jet cleaning may occur and that bumps or fins in the liner will not disallow
equipment from passing through the rehabilitated pipeline.

Pipe Preparation - Preparation for lining may Involve Internal mechanical cleaning and grinding to remove roots,
protruding laterals, or other obstructions in the pipe. Collapsed pipe or severely offset joints (i.e. 40% of the diameter)
typically require point excavations at those locations. Loose dirt, debris, or tuberculation may require high pressure
water or mechanical cleaning with a final pre-lining inspection showing the full circumference of the pipe.

Tube Preparation - After the engineered tube of proper diameter and thickness for the pipe being rehabilitated has
been matched to the host pipe length; it is ready for resin-impregnation. Most liner preparation and resin saturation
takes place in the controlled environment of a workshop where the resin and tube temperatures are controlled to
desired conditions. The resin and resin-saturated tube may be refrigerated to slow the chemical reaction and provide
an additional factor of safety during the transportation and installation of the liner. The tube is prepared by first
evacuating the air from it to create a condition for vacuum impregnation. Secondly, the catalyzed resin is introduced
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into the tube under vacuum so that air is completely displaced with resin while saturating the fabric. The tube is
moved through pinch rollers calibrated to the proper thickness so that a controlled amount of resin is introduced into
the tube. The tube is then loaded into a refrigerated truck for transportation 1o the job site. For projects where either
the diameter is large and/or the length of the liner is long, this process will take place at the construction site and the
liner will go from wet out directly into the pipe being rehabilitated. When properly handled and stored, resin-saturated
tubes can be stable for up to a week or more.

Tube Installation - The following installation descriptions are intended to be a generalized overview of common
direct inversion and pulled-in-place installations. Since there are so many variables associated with each project and
the job site conditions on projects, an overview is provided here to familiarize the reader with general knowledge of
this technology. While direct inversion and pulled-in-place installations are performed in a different manner and require
different equipment, the decision te choose one installation method over another is related to the project, job site and
piping conditions. On a single project it may be advantageous to use both techniques, as well as variations of each to
maximize quality and efficiency of the installed product. Both techniques have been used successfully for pipe diameters
from 4inch to greater than 120 inch. The installation techniques described below use water as the installation and curing
media since it is by far the most common and reliable method of installing CIPP. However, steam and air pressure may
also be used as job conditions dictate. Each technique can be considered a too! in the toolbox of a CIPP installer. As such,
each one has its place at the appropriate time to successfully complete a project safely, on time and within budget.

Direct inversion of CIPP is installed to meet or exceed the requirements of specification ASTM F1216 . Initially the tube is
attached to a top ring or pulled through a column and turned inside out and attached to an elbow. In both cases, the tube
is turned inside out with the use of a hydrostatic head of water as shown in Figure 1. As the water is carefully introduced
into a column, the resin-saturated tube is allowed to invert upon itself and progress longitudinally through the pipe in a
continuous and controlled manner.

o —
e ——————t
figure1: Direct inversion installation per ASTM F1216 figure 2: Liner pulled-in-place per ASTM F1743
e ——————————
memy Ty
figure 3: Calibration hose or pre liner utilization figure 4: Curing liner with hot water or steam
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The direct inversion method is the most popular method, available in virtually all sizes, and especially suited to the ‘over the
hole"technigue.

Pulled-in-place CIPP installation is installed to meet or exceed the requirements of specification ASTM F 1743, For this
technique a cable is strung through the existing pipe and attached to the tube. Once attached, the tube is carefully pulled
into position as shown in Figure 2. In order to reduce potential friction between the pipe and the liner, hydrant water may be
introduced into the pipe through the manhole, allowing the tube to easily slide down the pipe. Through the choice of tube
materials and careful pulling techniques, pulling forces rarely exceed 10-20% of the maximum tensile properties of the fabric
tube. Tube stretch is less than the maximum 5% specified in ASTM F1743, but is usually less than half that value. For a more
detailed estimation of maximum tensile strength of a tube and estimated pulling forces, contact Lanzo Lining Services.

Pull in place employs a second installation step. A calibration or retractable hose is inverted into the center of the resin-
saturated tube by a hydrostatic head of water. This hose sequentially inflates the resin-saturated tube from one access point
to another and holds it tight against the existing pipe as shown in Figure 3. Any residual water trapped in the pipe is directed
downstream as the calibration hose inflates and longitudinally progresses within the tube sequentially from one end of the
pipe to the other.

Pullin place is extremely instrumental in the many special applications such as Pressure pipe, transitional sizes, NSF 61 water
main, ventilation plenum rehabilitation, and large diameter applications where particular placement challenges exist.

CIPP Curing and Cool Down - Once instalied by direct inversion or pulled-inplace the tube is cured through the use of
circulating heated water, introduction of steam, or the use of an ultraviolet (UV) light.

When water is used, it is taken into the water heater from the column and discharged out into the center of the installed
tube at the downstream end. The heated water circulates back to the column at the upstream end where the cycle in

Robotic reinstatement of house connection or “lateral” sewer
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continued throughout the curing process as shown in Figure 4.

When stearn is used as a heat source, the steam is typically introduced at one end and flows through the length of the liner
and out the downstream end through a specialized manifold that helps control temperature and internal pressure. New
innovations in steam generation technology allow for dryer steam and can also allow the installer to cure at much higher
temperatures than circulating hot water.

UVlight isathird method of curing CIPP and requires specialized resins and photo sensitive initiators. UV light curing technology
is relatively new in North America, but has been used for many years overseas and is proving to have advantages for many
different applications. Liners can be stored and transported without refrigeration and still be viable months. When the lights
are turned on, curing takes place within minutes.

Whether cured with water or steam, the process must be carried out in a controlled manner with the temperature monitored
at both ends of the tube with thermocouples placed between the liner and the host pipe. In addition, the water/steam
temperature is monitored at the heater and may also be monitored at the downstream end of the liner. Where intermediate
access points exist, the curing process of the tube may also be monitored at those locations also.

Most often the tube is cured in a two-staged heating process and cooled down in a controlled manner to a temperature
below 100F. The times and temperatures of these different stages are highly variable based on tube diameter, length,
thickness, resin type, catalyst formulation, size of the water heater, environmental and job site conditions. In general, thick
tubes require extended curing and cooling times, while thinner tubes may be cured more rapidly. The variable cure times and
tube thickness relate to the slow heat transfer into and out of the tube, as well as the requirement to control the exothermic
(i.e. heat producing) reaction that occurs when the thermoset resin in the tube polymerizes.

Laterat Reinstatement and Finishing Steps - Once installed, cured and cooled down the CIPP is fully opened on both ends
while any lateral connections leading to the pipe are then reinstated. When the pipe is too small for a man entry, CCTVis used
to re-locate lateral connections and remotely operated cutting machines are used to re-open the lateral connection. At the
manhole connections an end sealing procedure may be utilized which helps eliminate infiltrating water from tracking down
or around the host pipe and/or PP and re-entering the collection system at the manhale. Where there is heavy groundwater
some type of lateral sealing technology is recommended where the fateral connects to the main line. Top hats or interface
seals may be applied remotely from inside the finer using a robot without the need to introduce a cleanout or other above
ground access. Other trenchless sealing technigues inciude chemical grouting, lateral lining at the connection and/or up
the entire lateral, or robotic placement of polymer putty. Alternatively, laterals may be opened and sealed by making a point
excavation to place a new saddle connection at each lateral.

Final Inspection - As with any project, final CCTV inspection provides the documentation for the project engineer that the
CIPP was properly installed. ideally CIPP is smooth and wrinkle free throughout the tength of the installation. However, CIPP
cannot eliminate piping irregularities and will mirror pre-existing problems in a defective pipe being lined to eliminate I/1,
exfiltration, or improve structural integrity. In addition, fins in the CIPP can occur when the pipe diameter decreases
to less than the nominal diameter of the existing pipe. During the engineering and design phase of a contract, tubes
are commonly specified with an undersized diameter (i.e. 4-8% undersized) to anticipate host pipe diameter changes
and moderate bends. When encountering crushed pipe, PVC pipe used for point repairs, and clay pipe the host pipe
diameter can decrease to the point where these measures cannot prevent fins. Fins are also unavoidable in sharp
bends where the inner radius bunches going around the bend. Wrinkles such as these are cosmetic defects in an
otherwise defective host pipe and prevalent in all CIPP construction. Since most all fins run along the length of the
pipe they typically increase the physical properties like that of a built-in I-beam and do not affect flow. Typically fins in
the CIPP are of little concern to the overall performance objectives of the rehabilitation project.
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CIPP PROJECT SPECIFICATION

To insure the desired results from a CIPP rehabilitation project, proper specifications must clearly outline the objectives.
With any rehabilitation project it is recommended that the collection system be evaluated as a whole and pipeline
sections be segregated for repair using the appropriate rehabilitation technology(s) most suited for the stated project
objectives. A project may be put out to bid with multiple technologies (i.e. CIPP, sliplining, open cut replacement,
lateral lining) to achieve the desired end result. Exclusive rehabilitation with CIPP is recommended in areas where any
or a combination of the following conditions may exist:

1 Suspect structural characteristics in the host pipe are manifested in the form of radial or longitudinal cracks,
offset and/or displaced joints.
2. Ovality sufficient to predude sliplining or folded and re-formed products from reaching a full round

configuration consistent with ring compression support theory (see Design Section).

Pipes where sections are completely missing.

Pipe subject to highway loading in shallow or live loads.

Deeply buried pipe where high external hydrostatic pressure may exist.

Pipe with line and/or grade differentials (.e. existing bellies in the pipe run) that may produce friction for
sliplining and/or not allow folded products to reach their fully rounded state after installation.

oW

Once it has been determined that CIPP is the proper choice for pipeline rehabilitation there are many aspects of
specification that will determine the success and quality of the completed project. Prequalification factors such as
threshold contractor experience, minimum installed footage, same liner size or larger, key employee resumes and local
wet out facility are significant items that may be taken into account prior to bid. Contact Lanzo Lining Services for a
sample specification that can be used as a template for your specific CIPP project.

ASTM SPECIFICATION

ASTM standardization is extremely important to insure consistency in materials and installation practices, while
minimizing owner liability in ongoing construction work. It may take as long as five (5) years to obtain a ratified
specification. After initial publication ASTM standards are kept current through a mandatory review process that is
required every seven years, If there is no interest to review a standard it is dropped from publication. Standards exist
for virtually every pipe rehabilitation product, including CIPP. ASTM does not purport to cover all the details of every
project or installation, but does provide a valuable framework and set of guidelines that are absclutely necessary for
the underground rehabilitation industry In general.

ASTM D5813 *Specification for Cured-In-Place Thermosetting Resin Sewer Pipe” covers material requirements for the
resins and fabric tube materials used for CIPP. ASTM D5813 also outlines test methods for evaluating installed CIPP.

ASTM F1216*Practice for the Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-
Impregnated Tube” provides guidelines for the installation of CIPP with the direct inversion method.

ASTM F1743 “Standard Practice for Rehabilitation of Existing Pipelines and Conduits by Pulled-in-Place Instaliation of
Cured-in-Place Thermosetting Resin Pipe (CIPP)”is an installation standard practice for the pulled-in-place method of
installation. ASTM F1743 references both ASTM F1216 and ASTM D5813 for designing and specifying CIPP.

Aswith any technology there are critics withinand outside the CIPP industry regarding the validity of the aforementioned
standard practices. Two areas that have come under extreme sarutiny are the design criteria and pre-qualifying materials
for chemical resistance testing. CIPP gravity sewer design is divided into “Partially and Fully” deteriorated existing
piping criteria. Based on the pipe classification, the CIPP is designed to either withstand hydrostatic loading only, or
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all possible external loads that the CIPP may be exposed to. In addition, some municipalities have developed their
own chemical resistance and design criteria, which is much more severe than that specified in ASTM (i.e. The California
Green Book [15]). Proponents and supporters of these specifications argue that CIPP has performed admirably in the
U.S. for over 40 years and has not failed as a technology because the approach taken has been conservative and aimed
at long term performance for the product(s).

Lanzo Lining Services supports the more conservative approach to specification selection. With over six miilion
(6,000,000) feet of failure free installation, primarily in fully deteriorated design basis, serves as testimony to the
confidence attainable in a conservative approach.

CIPP APPLICATION GUIDELINES

Since the publication of our premier Design Guide ten (10) years ago there has been an absolute transformation within
the CIPP marketplace with respect to comfort with this technology and a relative boom in the range of application
for composite felt/resin liner systems.

Lanzo has remained an innovator and pioneer installer of CIPP in many cutting edge applications such as:

« |/l reduction in sanitary collection systems

- Large Diameter and Non Circular sewers, storm drains, and box culverts
- “Over the Hole" wetout and installation

+ High temperature chemical concentrations and industrial sewers

- Pressure rated force main sanitary sewer transmission

+ NSF 61 certified water main rehabilitation

« Green resin utilization in wetland or environmentally sensitive areas
- Air duct ventilation repair and vacuum pressure line

- Contaminated soil remediation prevention

« Flood control structure rehab

- Submerged or canal enclosure pipeline rehabilitation

CIPP has been installed by Lanzo in diameters ranging from 6" through 144"

The utilization of direct inversion, pull in place, and hand lay-up methods are application dependant but generic
in terms of the design parameters presented in this guide. Additionally, both gravity and pressure rated design is
presented herein, while an abundance of information has been accumulated on each of these methods available for
informational or specification writing purposes by contacting Lanzo.

COMPETING TRENCHLESS PIPELINE REHABILITATION TECHNOLOGIES

In general, trenchless pipeline rehabilitation technologies have proliferated and gained extraordinary acceptance
because of the changing chemical environment previously described, enforcement of the clean water regulations,
inadequacies of traditional piping materials, and the rising social costs of traditional dig and replace methods. Social
costs include the direct and indirect costs that will impact the community surrounding the project. These costs might
include destruction of old trees, disturbance of a wetland habitat, disruption to businesses, and impact of traffic
congestion on side streets as people are forced to take alternative routes. A number of experts and engineering firms
have studied this more closely to develop generalized costs [16). Pipe repair alternatives include chemical grouting,
point repairs/excavation, internal robotic repairs, sectional liners, sliplining, CIPP liners, fold and form liners, and pipe
bursting. Acceptance of new technologies has increased competition and pushed the cost down to the point where the
cost of a trenchless repair is generally less costly than trenching, even without taking social costs into consideration.
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Table 1. Generic costs of Pipeline Construction and Repair Methods [16].

Method Cost/Inch Diameter/Foot Type of Installation
Sliplining $4-%6 Rehab
Grouting $4-56 Rehab
Cured-In-Place Pipe $4-58 Rehab

Pipe Bursting $8-$10 Rehab

Over the Hole large diameter CIPP $10-928 Rehab
Trenching $15-$30 Rehab or New
NSF 61 Water main CIPP rehab $20-530 Rehab
Sectional CIPP Liner $50-985 Rehab

Each method of repair has a niche where it is most applicable. These technologies are briefly reviewed with the understanding
that the incduded summary cannot encompass the full scope of each technology.

Chemical Grouting - Chemical grouting is a technigue primarily used to seal leaks in pipes or lateral connections in pipe
diameters typically in the range of 6 inch to 24 inch. It has been used for years and includes material selection options such as
acrylamide gel, acrylic additives, urethane gels or foam. These products are typically injected under pressure with a specialized
packer that forces the liquid grout through the hole in the pipe into the surrounding soil envelope. There it polymerizes to form
a solid or seml-solid gel that pervades the solf envelope serving to non-structurally seal the pipe. Grouting is economical and
effective but temporary in sealing leaks and not a structural repairto a damaged pipe. The estimated effective lifetime of various
grouts is an ongoing point of debate which points to a range from 3 to 7 years.

Sectional or Part Liner - Developed as a repair technigue for CIPP defec, this method has seen expanded application and
is perhaps ‘over used” to repair damaged pipe. It can be designed as a structural repair to a fully deteriorated host pipe. This
method is essentially a short CIPP repair that may be fumished in lengths ranging from 3 feet 1o as long as necessary, depending
on diameter and location of the repair. The primary issue in electing to utilize this technology is the selection of an adequate
repair length. Pre video inspection reports revealing target defects do not offer insight into the underlying cause of the failure
orextent of soil envelope detericration. Consequently, a seemingly adequate repair may not prevent crack propagation outside
of the limits of the sectional repair after a refatively short time. It is judicious to select a sectional repair length which takes this
phenomenon into account by extending the repair to several joints in either direction beyond the target defect. Additionally, a
maintenance program should exist to monitor these repairs over time as post cure shrinkage as well as other effects may cause
movement of the short liner.

This method is most typically used for pipes 8 inch to 24 inch in diameter, but is available in diameters as large as 120 Fabric
tubes constructed of woven and/or non-woven materials (i.e. polyester felt and/or fiberglass) are manufactured for the project
and saturated with a variety of resins which have been modified for a reactive cure with low heat or UV light. The sectional liner
is typically pulled into position on a carrier or packer which is then pressurized causing the short CIPP segment to expand tightly
against the host pipe then allowed to cure in place.

A practical alternative to this method is an installation technique called a“blind shot”or a sectional CIPP liner section which only
requires access to the pipe at one end for a starting point. Although Part Liners typically do not run manhole to manhole, this
variety of sectional pipe repair offers the additional benefits of:

- a solid connection to a manhole-pipe interface
- arepair which is readily visible from the manhole
- the ability to line past the defect by several joints thus clearing the suspect soil envelope by a more conservative distance
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Service Connection Reinstatement, Repair, interface Seal and Lateral Lining Lanzo has become proficient in
providing several technologies to repair lateral connections and lateral pipes both remotely from within the mainline,
as well as, from a cleanout located at the property line. These repair technologies require specialized liner materials
and equipment, but can successfully seal the lateral-mainline connection and rehabilitate the smaller lateral pipe up
to the house or business. These methods require experienced field technicians with an understanding of varying host
pipe materials, resin cure, remote camera and robotic equipment operation, variable temperature, flow and piping
conditions to complete a successful time sensitive repair.

Different technologies exist in the marketplace which utilizes either water or air as placement media with either water,
steam, or UV light for curing the resin systems. There exist several proprietary technological approaches while the end
user should be cautious to insulate themselves from sole source specification which may drive cost unduly higher as
they become embroiled in trade issues such as full wrap vs. lateral region adhesion, or minimum length of interface
seal dimension.

An interface seal is intended to eliminate annular space or shear condition, while lateral lining serves to seal and
structurally repair the lead to a determined length within the service. Although certain lateral lining technologies
may be remotely launched from within the main, a cleanout is routinely necessary to insure the removal of root
manifestation and mineral deposits while visually inspecting defects within the lateral to be rehabilitated. The notion
that a lateral may be routinely lined without a cleanout is therefore flawed.

Robotic Repairs - This is a highly speclalized technology that can also be used as a trenchless point repair method
to seal cracks and leaking lateral connections. Through the use of grinding tools and epoxy resins or chemical grouts
a wide variety of pipe defects can be repaired. Widespread use of this method has been hampered by the initial
purchase and maintenance expense of the robotic equipment employed which also requires highly trained personnel
for a small portion of the repairs typically being addressed in a comprehensive system rehabilitation project.

Repairs consist of employing a remote cutter head to ream, gouge, or machine a channel into an existing defect which
then is more receptive to an epoxy which may be robotically troweled or pumped into place. Typical repairs apply to
pipes in the 8-inch to 24 inch robotic equipment are repaired with these techniques.

Point Excavation for Repair - When a pipe is severely damaged or crushed it may be most cost effective to dig at that
location to repair the section of pipe. This method is often used in conjunction with trenchless lining techniques to
replace collapsed sections so the existing pipe may then be inspected, cleaned and subsequently lined from manhole
to manhole. All sizes, shapes, and varieties of pipe have been repaired with this method to effect a conventional open
cut repair.

Sliplining and Segmental Sliplining - These methods can be used to either pull or push new plastic or composite
system into the existing host pipe. Traditional or "discrete” sliplining typically either pulls a high-density polyethylene
(HDPE) pipe or pushes a reinforced thermoset resin (RTR) or reinforced plastic mortar (RPM) through one access pit to
another. Depending on site conditions, sections of pipe of 1000 feet or more may be pulled or pushed at one time.
The pull method of pipe repair is most typically used on pipe 8 inch to 24 inch in diameter, but larger sizes have been
installed. In 48 inch and larger applications, segmental sliplining with thermoplastic or composite pipe can become
more cost effective depending on site conditions at the entry and receiving pit along with the costs associated with
bypass pumping.

Segmental sliplining is performed by lowering individual sections of pipe into an access pit and hydraulically jacking
each into the host pipe towards a receiving pit while maintaining pipe flow.
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Hard pipe material slipline methods are limited by the frictional forces of the slipline material against the host pipe,
which will determine the shot length or allowable distance between pits.

Sliplining reduces the overall hydraulic radius significantly and may reduce the capacity of the pipe rehabilitated.
Factors such as pipe joint articulation , mineral deposits, bends and line obstructions must be thoroughly investigated
prior to method selection. Reinstatement of lateral connections requires external point excavations.

Pipe Bursting - Pipe bursting is a technology where the existing pipe is sheared or cracked while a new pipe is
pulled behind (sliplining) a specialized bursting tool. Many types of tools have been developed with hydraulic or
pneumatic bursting capability and include pulling only, pulling and pushing, and so on. This method enables the
owner 10 actually increase the size of the existing pipe by one or more diameters and actually increase the hydraulic
radius. Pipe bursting has been used to up-size 8 inch to 10inch or 12 inch and has been used to increase pipe up to 36
inch or larger, from smaller diameters. The technique works most efficiently on brittle host pipe materials, such as clay,
concrete, asbestos cement and “pit” cast iron. HDPE is most often used as the replacement pipe, but PVC, composite
pipe, and even clay have been used. The limitations to this technology invoive use of the bursting tools when the
pipe is close to structures such as foundations or utilities that cross the line being burst. Where these structures can be

point excavated, bursting can proceed without incident. Reinstatement of lateral connections requires external point
excavations.

Fold and Form Lining - This process uses plastic pipe that has been folded into a "U” shape allowing it to be steam
softened then pulled into the existing pipe. Using steam heat and internal pressure the liner is reshaped to meet the
existing pipe. Fold and form has been attempted in diameters ranging from 6 inch to 24 inch, but is most applicable
in the range of 8 inch t012 inch. HDPE and modified PVC are the piping products used for fold and form. This method
is a low cost rehabilitation technology that is used where the existing pipe can provide structural support to the liner
for gravity flow applications. Potential problems exist where the liner does not fully unfold, making it susceptible to
collapse under externa! groundwater pressure. For some products the modified PVC materials are often experimental
in nature without extensive long-term property research behind them. Therefore, prior to use the owner should review
all products carefully. In most cases lateral connections can be reinstated by remote cutting tools, but may require
point excavation and typically require grouting to guard against flow tracking through an annular space. There is no
reliable *adhesion” or “mechanical bond” between a thermoplastic material and a host pipe.

Pipe Preparation - Most of the technologies listed have the common need for pre-installation inspection, cleaning,
and other forms of preliminary pipe preparation, For most applications by pass pumping is of minor concern in
diameters up to 15 inch. In the range of 18 inch and above by pass pumping can become a significant portion of
project planning and cost. Depending on site conditions pipes greater than 48 inches may be rehabilitated during
flow diversions and using technigues that minimize the reliance on by pass pumping.

Lanzo Lining Services brings experience with dig and replace, new pipe construction and multiple rehabilitation
technologies while adding value to the project. The Lanzo Companies can combine construction capabilities to
optimize the allocation of municipal dollars while streamlining coordination efforts on any given project.
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CIPP ENGINEERING AND COMPOSITE MATERIAL PROPERTIES

Since 1993, Lanzo Lining Services representatives have actively participated in national organizations such as ASTM,
NASTT, AWWA, APWA and NASSCO in an effort to assist owners, municipal and plant engineers maintain the most
current material specifications. Lanzo Lining Services’ abjective is to provide a competitive CIPP product that will meet
or exceed the EPA mandated fifty-year design life. To satisfy ASTM and municipal/industrial specifications it is critical to
select tubes, resin, and catalyst products from qualified suppliers providing the highest quality materials and services.
Lanzo Lining Services only uses the finest quality manufactured products and supplies from ISO 9000 certified sources.
In the following sections, minimum and typical property values for the fabric and resin products are provided. in order
to remain competitive while providing the highest quality CIPP; Lanzo Lining has continued to review and update the
following published criteria, as the industry and job conditions necessitate.

FABRIC TUBE MATERIALS

The flexible fabric tube is one of several key elements of the CIPP process. The materials used to construct tubes
must possess chemical resistance, flexibility, an ability to stretch and conform to irregular piping, and be durable
to withstand the rigors of underground construction. Currently, the most commonly used fabric tube material in
North America is composed of thermoplastic polyester fibers needled into a dense felt. However fabric tubes made of
combinations of needled polyester and polypropylene fibers and needled polyester with various fiber reinforcements
are also available. Depending on fiber orientation, liners constructed of fiberglass tubes can easily produce a flexural
modulus that would exceed 1,000,000psi and flexural strength values over 15,000psi. At the time this criteria was
placed in the referenced ASTM specifications the targeted material(s) were needled polyester felt and coated polyester
felt. Many coatings may actually enhance the properties of a tube. Table 2 includes typical values for plain polyester
felt and coated polyester felt.

Table 2. Typical tensile properties for polyester felt and plastic coated felt.

Material % Elongation at Failure Ultimate Tensile Strength
Felt 85-95 800-1000 psi
Plastic coated felt 70-75 1200-1500 psi

THERMOSET RESINS

Resins Overview and Properties

The thermosetting resins used for CIPP are the most important component to the short- and long-term performance
of the product. First, there is a distinction between initial or short-term properties and the long-term performance that
dictates the life span of a product. Short-term properties include parameters such as flexural, tensile, and compressive
properties, Long-term properties include parameters such as chemical resistance, creep, and strain corrosion. Most all
these parameters are important for the qualification, design, and performance of CIPP.

There are three main groups of thermoset resins used for CIPP and they consist of polyester, vinyl ester and epoxy
resins. Within each of these three categories exist hundreds of combinations of products with their own characteristics
that distinguish their performance. A number of papers have been published that generally review the short- and
long-term performance of these three classifications of thermoset resins. In general epoxy and vinyl ester resins are
higher performance products compared to polyester resins. They have higher strength, elongation, elevated thermal
and chemical resistance compared to polyesters. However, not all pipe rehabilitation applications require the elevated
performance of a vinyl ester or epoxy resin. The vast majority of standard gravity flow sewer pipe rehabilitated has
been accomplished with polyester resins. However, since there are so many types of products within each category
typical properties provided are given as a range of values that could be expected. Table 3 provides some typical
properties of neat resins formulated for CIPP that have not’been combined with any fabrics or specialty fillers.
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Table 3. Typical neat physical properties.

Test Property Epoxy Resin Epoxy Vinyl Ester Isophthalic Polyester
Flexural Modulus', psi 500,000-550,000 500,000-570,000 500,000-570,000
Flexural Strength, psi 15,000-25,000 15,000-25,000 10,000-18,000
Maximum Strain, % 4-7% 4-7% 3-5%

Tensile Modulus?, psi 490,000-540,000 490,000-560,000 490,000-560,000
Tensile Strength, psi 8,000-10,000 8,000-10,000 5,000-8,000
Tensile Elongation, % 4-7% 4-7% 2-5%

1 Flexural properties determined by ASTM D790
2 Tensile properties determined by ASTM D638

Resin/Felt and Resin/Fiber Composite Properties

When the aforementioned thermaoset resins are combined with the flexible fabric of a tube, material properties can
be dramatically changed, as previously overviewed in the FABRIC TUBE MATERIALS section. The following discussion
will focus primarily on the effects of needled polyester felt tubes on the material properties of a thermoset composite.
There are several reasons for the observed effect on physical properties. First, the randomly oriented needled fibers of
a felt tube are not oriented in a manner that can become foad bearing. Therefore, modulus or stiffness and strength
values are often reduced 30-50% compared to the neat resin properties. However, it is not as simple as it appears, since
fiber types, sizes, orientation, and felt density can also affect material properties. In addition, felts made of combinations
of polyester, polypropylene, and/or polyethylene fibers have varying performance due to the level of resin adhesion
to the fiber(s). Polyester fibers tend to slightly solvate when exposed to styrene based resins (i.e. polyester and vinyl
ester) and bond extremely well. Tubes made with a combination of polyester felt and fiberglass fibers or entirely
with fiberglass can produce extremely high physical properties. By so doing, the designer can produce CIPP with a
reduced wall thickness, but still perform extremely well for either external hydrostatic pressure or internal pressure
applications.

The resin component of the resin/felt or resin/fiberglass composite can also be modified with fillers to effect the
processing parameters and the mechanical properties of the composite. The viscosity of thermoset resins developed
for CIPP are modified with specialty fillers called thixotropes. Thixotropic fillers are added at small levels (i.e. 1-3%)
to increase the viscosity of the resins so that they stay in the tube fabric during processing and installation and do
not drain out of the tube and into the host pipe, ground, lateral connections, etc. Thixotropes typically do not effect
physical properties since they are added at such low guantities.

Other mineralfillers such as aluminumtrihydrate (ATH) are also added toresin to enhance the overall material properties.
Newer formulations with calcium carbonate and calcium carbonate/ATH combinations have been developed and
have recently been introduced to the market. ATH and other fillers are added to significantly increase the modulus
(i.e. stiffness) of the overall composite without diminishing the resins’ processability, or decreasing the strength or
the chemical resistance of the CIPP. Increasing the modulus of the composite can provide some cost advantages
when designing CIPP and this is reviewed in the ENGINEERING DESIGN section of the manual. In addition to design
advantages, resins with fillers have an increased thermal conductivity and therefore heat up mare uniformly through
the entire thickness of the tube which is especially helpful when working in cold climates. Fillers reduce resin and
tube shrinkage during curing and cool down, which provides a tighter fit to the host pipe after the CiPP is installed. To
illustrate the effects of resin/felt composite properties in Table 4 is provided with typical properties. As consistent with
Table 3, these properties are generated from experimental panels made in laboratory conditions and should not be
misconstrued to be typical of all installed CIPP.
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Table 4. Typical property ranges for resin/felt composites consistent with CIPP construction,

Test Property Epoxy Resin Data EpoxyVinylEster  Isophthalic Polyester  Filled Isophthalic
Data Data Polyester Data
Flexural Modulus, psi 480,000-550,000 480,000-570,000 480,000-570,000 550,000-750,000
Flexural Strength, psi 10,000-12,000 10,000-12,000 7,000-9,000 7,000-8,5500
Maximum Strain, % 3-5% 3-5% 2-4% 2-4%
Tensile Modulus, psi 490,000-540,000 490,000-560,000 490,000-560,000 550,000-750,000
Tensile Strength, psi 7,000-10,000 7,000-10,000 6,000-9000 5,000-8000
Tensile Elongation, % 2-4% 2-4% 1-3% 1-3%

Minimum Recommended Design Properties

Typical properties of neat and resin/fett composites produced in the laboratory are not typical of the product produced
in the field. When all the parameters of the preparation, installation, curing, and sampling are carefully monitored and
controlled the properties of installed CIPP fall within the median range of data provided in Table 4. However, there
are many uncontroliable variables of an underground construction project that can negatively affect the end product.
The net overalt result is that variability is increased and the variability in the test data also increases. Therefore, minimum
property values have been established within the industry to provide a conservative minimum value for flexural and
tensile properties of installed CIPP. Table 5 provides recommended minimum design values for standard CIPP. The values
in Table 5 are relatively low compared to the values of Table 4, but the median value of installed CIPP is typically 15-25%
higher than minimums. However, cold weather, high groundwater, poor water or steam circulation and/or equipment
failure can produce reduced properties just above the minimum standards. In effect, the majority of all CIPP installed
essentially has an additional factor of safety due to the conservative design practices that have been adopted in ASTM
standards. Minimum properties are given for both flexural and tensile properties, but it should be pointed out that tensile
properties are only used in the design of fully deteriorated (stand-alone) internal pressure pipe.

Although not emphasized in this design guide, minimum properties using fiberglass reinforced liners might be
specified with a flexural modulus that would exceed 1,000,000psi and strengths that would exceed 10,000psi for
gravity flow applications. With proper fiber orientation, tensile properties can also be greatly enhanced for internal
pressure applications like NSF 61 potable water pipe rehabilitation and/or sewer force mains.

Table 5. Minimum recommended design properties for CIPP.

Test Property Epoxy Resin Data EpoxyVinylEster  Isophthalic Polyester  Filled Isophthalic
Data Data Polyester Data
Fiexural Modulus, psi 250,000-300,000 350,000-450,000 250,000-350,000 400,000
Flexural Strength, psi 5,500 5,500 5,500 5,500
Tensile Strength, psi 3,000-5,000 3,000-5,000 3,000-5,000 3,000-5,000

Creep Properties of Thermosetting Resins

Engineering materials of all kinds deform when placed under a load and this is a basis for careful engineering
and design for any structural application. When materials such as thermoset and thermoplastic resins are
subjected to low loads relative to their ultimate breaking point they will experience incremental deformation
occurring over a period of time. These deformations occurring over the design life of a product is referred to
as creep. Creep is affected by many factors that include the type of material being analyzed, the degree of
cure (for thermoset resins), environmental conditions (temperature, chemical agents}, and the amount of load
applied. For the thermoset resins used for CIPP creep is an important design parameter that must be taken intc
account to provide an adequate factor of safety over the design life of the pipe. Loading on CIPP occurs when it
is installed under the water table and uniform hydrostatic pressure pushes uniformly around the circumference
of the CIPP. Additional forces can occur where CIPP is installed in unstable soil conditions and/or live loads act
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on the pipe. In these cases the loads may not be uniform, but would push down on the upper half of the CIPP
creating a combination of complex loading conditions.

in order to understand long-term creep performance of common resin/felt composites mechanical tests have
been developed to characterize the performance of CIPP. The typical expected design life of CIPP is fifty{50)
years so testing is performed in a way to estimate long-term performance and produce a safety factor that
can be applied to the design of CIPP. Tests include hydrostatic buckling and three point bend tests performed
under constant loading conditions. Tests are typically performed over a time period of 10,000 hours. The data
is statistically fit to a line and extrapolated out 1o fifty (50) years for the design life of the CIPP. The reduction of
stiffness due to creep is applied to the short-term flexural modulus (as given in Table 5) to estimate a long-term
modulus (EL). Many confidential research projects have been conducted without publication until Louisiana
Tech University carried out a research program to evaluate the long-term performance of a number of pipe
lining products [17]. The results of this study have been highly controversial due to criticism over uncontrolied
variables and statistical data treatment. However, this research created a basis for additional analysis and
comparison between hydrostatic testing and three-point bend testing as specified in ASTM D2990 [18].

Published results of the aforementioned testing indicate factors like degree of cure, loading level, thermal and
chemical environment, and type of resin and/or reinforcement will affect the amount of creep that may be
experienced over the life of installed CIPP. Therefore, test results have been analyzed to develop a conservative
recommendation for creep. When all conditions are set equal it is generally understood that there are
differences between resin types. Therefore, the minimum recommendations in Table & given for the different
resin categories used for CIPP are multiplied times the short-term modulus or strength to obtain the estimated
EL (long-term modulus), sL (long-term flexural strength), or stL (long-term tensile strength) used for long-
term CIPP design. For special applications such as pressure pipe, industrial chemical exposure, and/or elevated
temperature consult Lanzo Lining for creep recommendations.

Table 6. Recommended minimum factors for creep
Epoxy* Resin Epoxy Vinyl Ester  Isophthalic Polyester Filled Isophthalic Polyester
Creep Factor 0.25-06 05-06 0.4-05 04-05
*The creep factor of epoxy resins is quite variable depending on the curing agent chosen. Consult Lanzo Lining
technical services for proper recommendations.

Thermal Properties of Thermoset Resins

The thermal properties of thermoset resins are measured by the heat distortion temperature (HDT). The HDT is not the
only method of determining the performance of resins at elevated temperature, but is a commonly used indicator.
Thermoset resins have what is called a glass transition temperature (Tg) where their properties changing from a glassy
or rigid state to a softer or rubbery state. When the temperature reaches and goes beyond the Tg of a particular resin
its physical properties diminish significantly. However, as temperatures approach the HDT physical properties remain
fairly constant. The Tg and HDT of resins are determined by the inherent chemistry of the resin and the degree of cure.
Typical HOT values are provided for the different categories of thermoset resins in Table 7. When pipe rehabilitation
products will be required to perform continuously at elevated temperatures alternative resins and/or additional factors
of safety may be required to compensate for the resulting reduction of stiffness and/or strength.

Table 7. Typical heat distortion temperatures (HDT) for thesmoset resins used for CIPP.

Epoxy Resin EpoxyVinylEster  Isophthalic Polyester Filled Isophthalic Polyester
HDT 150-225F 200-245F 190-225F 190-225F
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Chemical Resistance Properties of Thermosetting Resins

By the nature of the application, most CIPP will be exposed to some type of chemical environment. Since most
applications involve a combination of chemicals at varying concentrations it is difficult to evaluate all the possibilities
that may be necessary to define the exact performance. To simplify this analysis standard chemicals are chosen at
higher than normal concentrations. Testing can also be done at elevated temperatures to accelerate the effects of
these chemicals on the resin/felt composites. To date there is no defined test method for specifically evaluating CIPP
composites. The standard practice currently used is to adopt a modified version of ASTM C581, which was developed
for fiberglass/resin composites. By so doing, four resin/felt coupons are submerged into the chemical of interest. At
intervals of 30, 90, 180 and 360 days a coupon is removed from the chemical, weighed, measured, and tested for
flexural properties. At the end of one year these separate evaluations are compared to a control coupon that was not
exposed to the chemical. The one aspect of this test method that can create anomalies arises when the test coupons
are not uniform. In other words, all five coupons should initially have identical physical properties before the testing
starts. If one or several coupons had significantly higher or lower physical properties initially, this may adversely effect
of the outcome of the protocol with an anomalous data point(s). For such cases it is common to eliminate that data
point from the data set and use the remaining data as an indication of the overall performance.

Table 8 provides a set of chemical resistance performance for the different types of thermoset resins used for CIPP ina number
of different chemicals. This set of chemical data was performed at an elevated temperature of 120F. The one-year data was
statistically fit and extrapolated out to obtain a prediction of performance at 25 years. From the data it is clear that different
resin categories perform differently in groups of chemicals. isophthalic polyester resins generally perform extrermely well in
acidic chemicals (.e. sutfuric, nitric, hydrochloric acids), but perform moderately in oxidizing agents (i.e. sodium hypochlorite,
potassium permanganate, hydrogen peroxide), and poorly in basic chericals (i.e. ammonium hydroxide, sodium hydroxide).
Epoxy resins generally perform extremely well in basic chemicals, but also can withstand acidic and oxidizing chemicats.
Epoxy vinyl ester resins have excellent overall chemical resistance to all three categories of chemicals.

Table 9 provides and estimate of the retention of physical properties of resin/felt composites using the chemical agents
specified in ASTM F1216. The data obtained in Table 9 was run at room temperature and evaluated for a period of one (1)
year. Several different resin types were tested and the 1, 3,6 and 12 month data was averaged to obtain an overall estimate of
the one-year retention of physical properties. This set of tests indicates a high level of chemical resistance to all the chemicals
when evaluated at the aforementioned conditions. There also appears to be no significant difference between the standard
polyester and the filled polyester resins.

When specifying a resin for CIPP it is obvious one must consider the chemical environment of the application. Since most
sewerage applications are acidic in nature, isophthalic polyester resins typically are adequate and work well in this environment.
However, itis often difficult to predict what may be introduced into a municipal sewer or industrial piping system. For example,
odor~educing chemicals commonly used in municipal sewers could be potentially damaging to polyester resins, while
not effecting epoxy or epoxy vinyl ester resins. As the environment and managing personnel change over YEars, comman
practices also change, thereby changing the requirements of the CIPP.

Large bore trenchless
renovation in
“tight quarters’
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Table 8. Chemical Resistance of Thermoset Resins Used for CIPP. Estimated Percent Retention of Flexural
Properties.

Percent Retention of Flexural Properties

Epoxy Vinyl Ester Epoxy Isophthalic Polyester

Flexural 1Year 25 Years 1Year  25Years 1 Year 25 Years
ChemicalTested Property Actual Estimated Actual Estimated Actual Estimated
2.5% Sodium Modulus 100 99 30 42 0 0
Hypochlorite Strength 100+ 100+ 42 45 0 0
5%Hydrogen Modulus 9 94 76 84 75 65
Peroxide Strength 100 100 66 84 83 76
5% Potassium Modulus 100+ 100+ 90 83 84 77
Permanganate  Strength 98 97 83 60 62 49
5% Sodium Modulus 74 65 78 88 0 0
Hydroxide Strength 79 71 75 72 0 0
5% Ammonium  Modulus 76 65 66 65 35 22
Hydroxide Strength 72 61 64 54 38 25
25% Sulfuric Modulus 100+ 100+ 93 93 92 89
Acid Strength 97 95 90 100+ 93 9
20% Hydrochloric  Modulus 100+ 100+ 93 89 84 78
Acid Strength 100+ 100+ 99 95 79 70
5% Nitric Modulus 100+ 100+ N 85 86 79
Acid Strength 100+ 100+ 100+ 82 82 75

Note: 100+ indicates the curve fit would predict physical property retention greater than 100%.

Table 9. Average Chemical Resistance of Typical Thermoset Resins Evaluated for One Year Using Chemicals
Specified in ASTM F1216.

Percent Retention of Flexural Properties

Physical Epoxy Vinyl Isophthalic Filled I1sophthalic
Chemical Tested Property Ester polyester Polyester
10% Sulfuric Modulus 92 98 90
Acid Strength 920 87 94
5% Nitric Modulus 98 95 86
Acid Strength 93 87 99
10% Phosphoric Modulus 87 94 87
Acid Strength 89 90 99
100% Gasoline Modulus 107 98 90
Strength 94 94 95
100% Vegetable Modulus 102 99 95
Qil Strength 100 94 100
Tap Water Modulus 92 95 85
Strength 90 85 99
0.1% Detergent Modulus 110 94 90
Strength 108 90 94
0.1% Soap Modulus 99 93 85
Strength 95 89 98
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CIPP installation at Joe Louis Arena - Home of the Detroit Red Wings

Rehabilitation of 900 feet of 72-inch sanitary trunk sewer at “The Joe”
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STRUCTURAL DESIGN OF CIPP

In the previous sections of this Engineering Design Manual ASTM specifications F1216 and F1743 have been reviewed
and the design equations utilized in this manual will conform to the requirements of these specifications. Alternative
designs for CIPP have merits and potentially offer more accurate predictions of performance. However, it is not the
purpose of this Design Manual to advocate or implement the use of these alternative design equations until they have
been accepted and adopted by specifying organizations such as ASTM. In order to provide a basis for theses design
models a review of the development of the design theory used in the ASTM standards will be discussed. To put these
theories into perspective an overview of some recently introduced modeling alternatives will also be discussed in this
manual.

DESIGN BACKGROUND

The objective of buried pipe design evolves around the ability to develop a set of equations that can take forces of
ground water, soif loading and other pressures such as live loads into consideration. Through practical experience and
scientific study it was determined that cylindrical structures such as tubes or pipe failed by buckling when exposed to
an external load. Some of the earliest proven buckling theories published were carried out by Timoshenko and others
in the early 1900's {19]. This work focused on buckling behavior of thin wall tubes. These equations were subsequently
modified to take into account long tubes having a practical thickness consistent with the building materials available
at the time. One of the first practical applications of this work was the successful development of the first submarines.
The unrestrained buckling equation that was developed for long thin tubes is given as follows:

Pw = 2E® (1
(1-v?) D’
where, Pw = Hydrostatic water pressure
E = Modulus of elasticity of the pipe
t = Pipe wall thickness
v = Poisson’s ratio, typically = 0.3
D = Mean pipe diameter (Do - t)
Do = Mean outer CIPP diameter

In the 1940's Spangler published work that was conducted on flexible piping systems[20]. This work was the basis
by which pipe stiffness of flexible pipes was derived. The measurement of pipe stiffness has been standardized with
ASTM D2412[21] and is determined at a pipe deflection of 5%. This is a relatively simple test and is performed on free
standing, unsupported pipe placed between two parallel plates that are pressed towards each other at a controlled
rate. Spangler's also developed a model for the deflection of buried flexible pipe that took into account factors such
as dead load forces, pipe bedding, and soil modutus{20 }.

Work by these early pioneering engineers was extremely important in laying the foundation that is the basis of the
design equations used for CIPP. However, it is important to understand that there is very little similarity between the
loading experienced by installed CIPP and that of buried rigid or flexible pipe. CIPP is installed into existing pipe that
has typically been buried for many years. As such, the soil has long since consolidated and the soil pipe system Is
typically very stable. Therefore, instalied CIPP is supported by the soil pipe system and subsequent pipe deflections
can be expected to be minimal. When CIPP is installed into an existing pipe the surrounding pipe provides constrained
ring support to the CIPP under the influence of uniform hydrostatic water pressure. When CIPP is exposed to this type
of loading the CIPP is under compression. If the load increases to a critical level the CIPP will eventually deform and
fail by buckling. Hydrostatic buckling experiments carried out by Aggerwal and Cooper[22], Lo and Zhang[23], and
Kleweno[24] have clearly demonstrated practical ranges of the enhancement that can be obtained by the support
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provided by the host pipe. These studies demonstrated that supported CIPP can buckle at pressures that are seven to
fifteen times greater than that of unrestrained CIPP. In order to account for this support in the development of buckling
equations used in the design of CIPP this phenomenon was characterized as an enhancement factor and assigned
the variable “K" The enhancement factor is the ratio between the restrained buckling pressure and the unrestrained
buckling pressure, By applying a statistical treatment of the data generated by Aggerwal and Cooper the value of
K was assigned a value of seven (7). In other words, there is high statistical confidence that the restrained buckling
pressure will be at least seven times greater than the unrestrained buckling pressure. By applying the enhancement
factor and appropriate safety factors to the buckling equation attributed to Timeshenko, CIPP can be designed to
easily withstand the hydrostatic forces that are prevalent around the pipe. In most practical applications, CIPP is
installed in conditions where the hydrostatic pressure is significantly less than the critical buckling pressure. As such
CIPP failure may still occur, but would occur over a very long period of time. This type of long-term buckling failure
occurs as a result of plastic creep deformation. Materials such as thermoset and thermoplastic resins wili undergo
slight deformations over time when exposed to a constant load, such as hydrostatic water pressure, Given enough
pressure and a long enough period of time, the CIPP can deform to the extent that it will produce catastrophic failure
by buckling. In order to take the long term effects of creep into account the modulus of elasticity in the buckling
equation attributed to Timeshenko was modified to a fong-term modulus. in addition, a safety factor and correction
for pipe ovality was also added to obtain the restrained buckling equation. By substituting the dimension ratio (DR}
for the mean diameter and rearranging, the equation reduces as given below:

Pw=  2KE 1 c @
(1-v) (DR-1® N

where, E = Long-term modulus of elasticity of the pipe material
K = Enhancement factor, typically K=7
DR = Do/t, Do = mean outside diameter of the CIPP
N = Safety factor
C = Ovality correction factor (See Appendix Table 12)
C = [Domin/(Domax)?)* =[(1 - 9/100) / (1 + q/100)?® = (r/re)* (3)
q=100x (D - Dmin), or 100 x (Dmax - D) (4)
D D
where, C = Ovality reduction factor

Percentage of ovality of the original pipe

D = Inside diameter of the original pipe

Dmin Minimum inside diameter of the original pipe
Dmax Maximum inside diameter of the original pipe

Lo
]

The effects of long-term hydrostatic buckling of installed CIPP was studied by the Trenchless Technology Center (TTC)
at Louisiana Tech University by Guice in 1994(17]. The study carried out by the TTC was an investigation into the long-
term structural performance comparing the critical buckling behavior of several pipe rehabilitation systems (i.e, five
cured-in-place pipe (CIPP) and one PVC fold and form (FNF)) from a number of commercial product manufacturers.
These pipe rehabilitation products were installed in sections of round steel pipe that were sealed with gaskets on the
ends.. The annular space between the steel pipe and the liner were pressurized with water at a number of different
pressures and monitored over time as the products creeped, deformed, and eventually failed by buckling. Although the
report was extensive the data produced had significant scatter and has been the subject of many subsequent papers
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that questioned the inability to control experimental variables. Subsequent reports and presentations (McAlpine,
1996[25), 1996[26]) have pointed out the flaws of the testing program. These flaws include: 1) testing carried out
in perfectly round steel pipe, 2) the CIPP was manufactured above ground under highly controlled conditions, 3)
tested under controlled temperature and humidity conditions, 4) no influence of chemicals typically found in sanitary
sewer conditions, and 5) lack of detailed statistical analysis. In recent years long-term tests have been extensively
analyzed in an attempt to develop experimental protocols that can carefully control variables for long- and short-
term hydrostatic buckling. In addition, there has been considerable research to define the relationship between EL
and K, and/or to develop alternative buckling models that correlate more closely with data. The model developed by
Glock[27] has gained considerable support (Guice & Li, 28], Schrock & Gumbel, [29]) as a more accurately representing
existing data. New models being proposed are refinements that can represent pipe imperfections (Moore([30]) and
ovality (Omara[31])) more accurately. With all the potential problems pointed out by a number of authors regarding
the modified buckling equation that is currently used in ASTM F1216 and ASTM F1743, this equation appears to be
providing a conservative design basis for pipe lining systems as evidenced by the lack of failures over the 30+ years
of its use.

Since there is currently no single design equation that can be used for all the different conditions that must be taken
into account for the proper design of CIPP it is necessary to divide these conditions into different groups. For both
gravity flow and internal pressure design equations have been divided into categories of “partially deteriorated” and
*fully deteriorated” conditions of the existing pipe to be rehabilitated. These piping conditions are defined as follows:

Partially Deteriorated Piping Condition

A partially deteriorated gravity flow pipe is one in which the existing pipe may have displaced joints, cracks or
corrosion, but is structurally able to support all soil and surface loads. In this case the existing pipe is intended to
provide structural support over the full circumference of the CIPP. When assuming a pipe is partially deteriorated, the
CIPP will be designed to withstand uniform hydrostatic pressure over the full circumference of the CIPP. In addition, as
a conservative approach, this design does not assume that the CIPP is attached to the existing pipe in any way.

A partially deteriorated pressure pipe is one in which the existing pipe may also have minor corrosion, leaking joints,
and/or small holes, and should be free of any longitudinal cracks. in this case the existing pipe is assumed to be able
to withstand the specified internal design pressure over the expected lifetime of the pipe. When assuming a pressure
pipe is partially deteriorated, it is assumed that the CIPP will conform tightly against the host pipe everywhere (i.e. in
bends or diameter changes, etc.) and uses the strength of the existing pipe to support the stresses. The thickness of
the CIPP can be compensated to span small holes or leaking joints, but will not be of sufficient thickness to withstand
design pressures. In addition, if the partially deteriorated pressure pipe is assumed to be leaking the designer must
also be aware of external hydrostatic pressure to insure that the minimum CIPP thickness is sufficient to withstand
these forces over the design life of the product.

Fully Deteriorated Piping Condition

A fully deteriorated gravity flow pipe is one in which the existing pipe has insufficient strength to support all soil and
surface loads. A fully deteriorated pipe is characterized by severe corrosion, missing pipe, crushed pipe, longitudinal
cracks, and severely deformed pipe. When assuming a pipe is fully deteriorated, the CIPP is designed as a pipe able to
withstand all hydrostatic, soil, and live loads that may exist in the CIPP-soll system with adequate soil support.

An alternative strategy for fully deteriorated gravity flow pipes is available to the designer in areas where there are
isolated sections of missing or severely offset pipe that would otherwise cause it to be classified as fully deteriorated.
In these areas it may be possible to carry out point repairs, and rehabilitate the pipe as a partially deteriorated
classification. However, each situation must be considered separately.
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A fully deteriorated pressure pipe is one in which the existing pipe has failed and/or has insufficient strength to
operate at specified design pressures, A pipe may also be classified as fully deteriorated if it Is determined that it will
not be able to withstand design pressures at some point during the expected lifetime. A fully deteriorated pressure
pipe is characterized by significant loss of wall thickness due to severe corrosion, large holes, missing sections of pipe,
and leaking longitudinal cracks. When assuming a pipe is fully deteriorated, the CIPP is designed as a stand alone
pipe able to withstand all internal pressure. in addition, the designer must also be aware that fully deteriorated CIPP
pressure pipe must be capable of withstanding external hydrostatic pressure.

PARTIALLY DETERIORATED GRAVITY FLOW CIPP DESIGN

When rehabilitating existing pipe that has been classified as partially deteriorated in a gravity flow condition the
restrained buckling condition applies. In this case the classical buckling equation that has been described previously
Is re-arranged to solve for CIPP thickness as follows:

t= Do (5)
( 2KE.C )1'3
PwWN(1-v3) ] +1
where, Do = Mean outer CIPP diameter, inches
K = Enhancement factor, typically K= 7
E, = Long-term modulus of elasticity of the pipe material
C = Ovality correction factor (See Appendix Table 12)
Pw = External water pressure measured above the pipe invert
{See Appendix Table 13)
= Safety factor, typically N=1.5-2.0
Y = Poisson’s ratio, typically v= 0.3

For partially deteriorated design conditions where the groundwater is below the invert of the pipe the hydrostatic
pressure is equal to zero and the restrained buckling equation cannot be used to calculate CIPP thickness. For this
special design case the calculated thickness of the CIPP must be equal to or greater than that which will produce a
maximum dimension ratio of DR = 100. When this special design condition exists, CIPP thickness is determined by the
following equation:

t=Do/100 6

When designing for circular partially deteriorated pipe the CIPP is under constant compressive hoop stresses. If the
existing pipe is out of round or has localized ovalization, bending moment forces may predominate on the CIPP. For
this special case the CIPP must be checked to insure that the bending forces do not exceed the long-term flexural
strength of the CIPP. To make this determination the bending stresses on the CIPP are determined by the following
equation:

S = [1.5q/100 (1 + g/100)DR? - [0.5(1 + q/100)DR] )
PwN

where q is defined by Equation 4 and the other parameters have been defined previously.

Partially Deteriorated Design Example

Determine the minimum wall thickness required of the following piping condition:
1) Existing pipe classification = Partially deteriorated

2) Mean outer CIPP diameter (Do) = 24 inches
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3) Minimum pipe diameter (Dmin) = 23.1 inches
4) External water above invert = 8 feet

5) Minimum CIPP modulus (E) = 350,000 psi
6) Minimum CIPP strength (s) = 5,500 psi
7) Long-term modulus (E,) = 175,000 psi
8) Long-term strength (s,) = 2750 psi

A.Determine hydrostatic pressure acting on CIPP
P = 8 ft x 0.433 psi/ft water = 3.46 psi

B.Calculate the pipe ovality
Determine q using Equation 4.
q=100(24 - 23.1)/24 = 3.75%
Determine ovality reduction factor using Equation 3
C=[(1-3.75/100)/(1 + 3.75/100)*P =0.715

C.Determine minimum CIPP design thickness using buckling Equation 5
t= 24 = 0.36 inches
(2(7)175,000(.715) )'/’ +1
(3.46)2(1 - .32)

D. Because the pipe is out of round, bending stresses must be calculated to insure they do not exceed the long-
term flexural strength of the CIPP

Determine S using Equation 7

DR = Do/t = 24/0.36 = 66.6

$/(3.46)2 = [1.5(3.75/100)(1 + 3.75/100)66.6%] — {0.5(1 + 3.75/100)66.6]

S=1552.2 psi

E. The minimum CIPP design thickness is 0.36 inches because the bending stresses are less than the long-term
CIPP flexural strength. However, if the bending stresses had exceeded the long-term flexural strength then this
equation would control the design. In this case solving for the proper thickness can be accomplished by trial and
error.Start by choosing dimension ratios {DR) that are smaller than previously used until the bending stress is less
than the long-term flexural strength of the CIPP.

FULLY DETERIORATED GRAVITY FLOW CIPP DESIGN

When rehabilitating existing pipe that has been classified as fully deteriorated in a gravity flow condition ASTMF1216
and ASTM F1743 specifies the use of a design equation from AWWA (€950 that has been modified by adding the
ovality reduction factor, and the consideration of long-term effects due to creep. In this case the modified AWWA C950
equation from ASTM F1216 has been re-arranged to solve for CIPP thickness as follows:

t =.721Do 7 (NP)? |7 (€]
(CELRVE'E’)
where, P, = Total pressure due to water, soil and live load acting on pipe, psi
Rw = Buoyancy factor, dimensionless
B’ = Empirical coefficient of elastic support, dimensionless
E’ = Modulus of elasticity of adjacent soils or soil reaction, psi
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The CIPP designed by the modified AWWA C950 formula is required to have a minimum stiffness (El/Do3) which is
50% of the specification. The AWWA C950 specification calls for EI/Do3 to be equal to 0.186 and 50% of this value is
0.093. In the following equation this means that pipe designed with a flexural modulus of elasticity E = 350,000 psi
would have a dimension ratio equal to 67 for fully deteriorated pipe. If the CIPP stiffness is too low, the wall thickness
must be increased accordingly to insure that the following design condition is met:

El/Do® = E/12(DR)* 2 0.093 (9)

where, E = Flexural modulus of elasticity of the CIPP, psi
] = Moment of inertia, in,in = t3/12

When designing fully deteriorated CIPP where the existing pipe is out of round or the CIPP may have localized ovalization,
bending moment forces may predominate on the CIPP. For this special case of the fully deteriorated design the CIPP must
be checked to insure that the bending forces do not exceed the long-term flexural strength of the CIPP. To make this
determination the bending stresses on the CIPP are determined by modifying Equation 7 and substituting total pressure
(Pt) to produce the following equation:

S. = [1.5q/100 (1 + q/100)DR? - [0.5(1 + q/100)DR] (10)
P:N

where q is defined by Equation 4 and the other parameters have been defined previously.
Total External Pressure on CIPP

Several new parameters are introduced for the design of fully deteriorated gravity flow pipe. This manual is intended
to provide simplistic explanations of these design parameters that have not been provided in ASTM F1216 or other
design guides currently available. When determining fully deteriorated designs all loads acting on the CIPP must be
estimated to determine the total pressure (Pt). This is accomplished by estimating the contribution of each individual
load and adding them together. The total load is typically made up of hydrostatic water pressure (Pw'), buoyancy
corrected soil load (Ps), superimposed or live foads (PL), and other loads such a vacuum (Pv). Loading due to vacuum
is a special case and will not be handled here. Consult Lanzo Lining Services for recommendations related to vacuum
loading. The total pressure acting on the pipe can be represented as follows:

P =Pw+Ps+P.+Pv 1)

Hydrostatic Water and Soil Loads

Initially, groundwater and soil heights must be determined or estimated to begin the design process. For the fully
deteriorated design condition be careful to note that groundwater and soil heights are determined from the top of
the pipe and not the invert. The hydrostatic pressure is determined as follows:

Pw’ = Hw (.433psi/ft water) (12)
where, Hw = Water height above the top of the pipe, ft

The contribution related to soil loading involves many different parameters. The soil prism loading pressure is
determined as follows:
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Ps = wHsRw/144in/ft2 (13)

where, w = Soil density, Ib/ft? (See Table 14 for soil types and densities)
Hs = Soil height above top of pipe, ft.
Rw = Water buoyancy factor, dimensionless

Rw = 1-0.33(Hw/Hs) > 0.67 (14)

Other related design parameters are the modulus of soil reaction or elastic support (E) and the coefficient of elastic
support (BY). The modulus of soil reaction values used for CIPP design should typically represent stable undisturbed
soils that would have E’ values in the range of 700 to 3000 psi. Most typically a value of 700 psi is recommended for
unknown soil conditions. Where the pipe is buried deep and the soil condition is stable values of 1000 to 1500 psi
may be applicable. In areas known to have weak and unstable native soils a value of 200 psi may be appropriate. The
coefficient of elastic support (B') is determined with the following relationship:

B'= 1/(1 + 4e0065ts) (15)

Superimposed or Live Loads

For the fully deteriorated design condition dynamic live load pressures occur frequently and are a standard design
condition forthe parameter PL. Live loads may be classified as either concentrated or distributed, depending on the soil
pipe conditions and the depth the pipe is buried. In some cases the live load may be characterized by impact factors.
Impact loading is generally only applicable for pipes that are relatively shallow (ie. 2-5 ft). A number of maximum
live load conditions have bee studied and recommended for pipe buried beneath highways, rallways, and airport
runways. The generally accepted guidelines for determining these live loading conditions are provided by the ASSHTO
Standard Specifications for Highway Bridges[32], HS-20-44 highway loading, American Railway Engineers Association
(AREA) Cooper E-80 loading, and the Federal Aviation Agency criteria. The most frequently encountered design
condition is that for pipes buried under active roads or highways. For highway HS-20 loading the live load becomes
insignificant beyond seven feet of soil height cover over the top of the pipe. Live load pressures (PL) associated with
the aforementioned piping conditions are given in Table 18,

Fully Deteriorated Design Example
Determine the minimum wall thickness required of the following piping condition:

1) Existing pipe classification = Fully deteriorated
2) Mean outer CIPP diameter (Do) = 48 inches

3) Minimum pipe diameter (Dmin) = 47.04 inches

4) External water above pipe (Hw) = 8feet

5) Depth of soil cover above pipe (Hs) = 15 feet

6) Type of soil = Ordinary Clay (120lb/ft3)
7) Soil Modulus (E's) = 700 psi

8) Live load = Live load HS-20
9) Minimum CIPP flexural modulus (E) = 350,000 psi

10) Minimum CIPP flexural strength (s} = 5,500 psi

11) Long-term modulus (E.) = 175,000 psi

12) Long-term strength (S.) = 2750 psi
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A.Determine the total load
Hydrostatic water pressure
Pw = 0.433(Hw) = .433psi/ft(8ft) = 3.46 psi
Soil load
Ps = wHsRw/144in%/ft?
Rw =1 - 0.33(Hw/Hs) 2 0.67 = 1 - 0.33(8ft/15ft) = 0.824 which is > 0.67
Ordinary clay soil density = 120lb/ft?
Ps = 120lb/ft3(15ft)0.824/144in*/ft? = 10.3 psi
The soil pressure can also be determined by multiplying the Buoyancy Correction
Factor (Rw) times the Soil Prism Pressure give in Table 17.
Ps =0.824(12.5) = 10.3 psi
Live load (P,) (Table 18) ~ 0 psi
Total pressure load applied to the CIPP
P, =3.46 psi+ 10.3 psi=13.76

B.Calculate coefficient of elastic support
B'=1/(1 + 4e055Hs)
B'=1/(1 + 4e°%5(15ft)) = 0.40 (Table 16)

C.Calculate pipe ovality using Equation 4
g = 100(48 - 47.04)/48 = 2.0%
Determine ovality reduction factor using Equation 3
C=[{1-2.29/100)/(1 + 2.29/100)?]* = 0.84 (Table 12)

D. Determine the minimum CIPP thickness for buckling
t =.721 Dof (NP)* \7 _ .721(48) (2.0(13.76))? 3
(CELRWB'E') N ( (.84)(1 75,000)(.824)(.4)(700))
t=0.975inch

E. Check for minimum pipe stiffness
DR =48/0.975 =49.2
350,000/12(49.2)* = .26 2 0.093

F.Check for pressure limited due to bending stresses (Equation 10)
S, =13.76(2)[1.5(2)/100(1 + 2.0/100)487] - [0.5(1 + 2/100)48]]
S, = 1920 psi

G.The calculated bending stress (i.e. 1,920psi} is less than the estimated long-term bending strength of the resin
(i.e.2,750psi) so bending stress does not control the design thickness for this example.

Therefore, the final design thickness for the CIPP is:
t=.975inch
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PARTIALLY DETERIORATED INTERNAL PRESSURE PIPE

When designing for internal pressure, it is critical to obtain a proper evaluation of the condition of the pipe being
evaluated. Secondary to this is the requirement to understand the proper operating pressure. The third consideration
for the design of pressure pipe is an understanding of test pressures, surge pressures and/or water hammer that
may significantly exceed the standard operating or test pressures of the pipe. In addition, the project engineer and
contractor must be aware that pipe requiring heavy cleaning may change the condition of the pipe from a partially to
a fully deteriorated condition. After cleaning it is recommended that pipe classified as partially deteriorated be tested
for the operating or test pressure to verify the condition of the pipe prior to lining. If the pipe is able to maintain the
specified pressure then it can be classified as partially deteriorated without question. However, this may not always be
possible due to the presence of small holes in the pipe that will not allow it to maintain pressure, When the condition
of the pipe and/or the operating parameter is not well defined, it is recommended that the pipe be classified as fully
deteriorated. Pressure pipe presents a higher risk application of CIPP and it is recommended that the contractor have
experience in this area of technology to insure success{33].

The partially deteriorated design equation for internal pressure pipe given in ASTM F1216 was derived with the
assumption that the CIPP acts like a uniformly pressurized round flat plate with fixed edges covering an existing
hole in the pipe. The CIPP is designed with the assumption that the aforementioned condition prevails and that
bending stresses at and around the hole (if one exists) control the design thickness. This design assumption is more
conservative than that of a square or rectangular plate.

The equation given in ASTM F1216 has been incorrectly derived with the term DR-1 in the derivation instead of
the correct term DR. Although it may be argued that the difference is negligible to the outcome of the calculated
thickness, the technically correct derivation will be advocated for use in this engineering design guide. The technically
correct derivation for pressure acting on a flat circular plate covering a hole is given below. This equation has been
rearranged to solve for CIPP thickness:

t= Do (16)
[5.33/Pi (Do/Dh)*(S,/N)I°* +1

where, Do = Mean outer CIPP diameter, inches
Pi = Internal pipe pressure, psi
Dh = Hole diameter in the pipe, inches
S, = Long-term flexural bending strength for the CIPP, psi
N = Safety factor, N = 2 minimum

In order for the circular flat plate design condition to be valid the following criteria must be met. If this condition is
not met then the CIPP cannot be considered a circular flat plate and ring tension or hoop stress will dominate. For this
condition the internal pressure condition is designed as a fully deteriorated internal pressure pipe.

Dh/Do < 1.83(t/Da)s 17
The variables used in Equation 17 have been previously defined.

Once the CIPP thickness has been calculated this value must be compared with the thickness calculated from Equation
5 to confirm that external hydrostatic water pressure does not dominate the design condition. The larger thickness is
then selected for the design. Since design Equation 17 is conservative it may at times lead to a greater CIPP thickness
than if the CIPP is evaluated in ring tension as an unrestrained, stand-alone pipe. Any internal pressure pipe application
is higher risk so it is recommended that a Lanzo Lining Services representative be contacted for assistance in pressure
pipe design assistance.
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Partially Deteriorated Internal Pressure Pipe Design Example
1) Determine the CIPP thickness for the following piping conditions:

2) Existing pipe classification = Partially deteriorated
3) Existing pipe inner diameter (D) = 15 inches

4) Existing pipe maximum diameter (Dmax) = 15.2 inches

5) Internal pressure (Pi) = 80 psi

6) External water (Hw) = 5 ft above top of pipe
7) Maximum pipe hole diameter (Dh) = 1inch

8) Minimum CIPP flexural modulus (E) = 350,000 psi

9) Minimum CIPP flexural strength (s) = 5,500 psi

10) Minimum long-term modulus (E,) = 175,000 psi
11) Minimum long-term strength (5)) 2,750 psi
12) Minimum long-term tensile strength (S, ) 1,750 psi

1

A.Determine the pressure pipe thickness using Equation 16.

Do= D+Dmax=150+15.2
2 2
Do = 15.1 inches

t= 15.1
[5.33/80(15.1/1.0)3(2,750/2.0)]'2 + 1
t=0.10inches

B.Check thickness with Equation 17.
1/15.1 £ 1.83(0.1/15.1)'%
0.066 <0.149
The condition of Equation 17 is met

C.Check the thickness for external pressure using Equation 5.

q=100(15.2-15.0)/15.0=1.33%

C=[(1 - 1.33/100)/(1 + 1.33/100)?)* = 0.89

Pw = 5(,433) = 2.2psi

t=0.18 inches
The thickness for external pressure is greater than that required for internal pressure and the DR = 84, which is
less than 100, as specified in Equation 6.

D.Since the pipe is slightly out of round, the bending stresses must be checked using Equation 7.
S, =2.2(2.0)11.5(.0133){1 +.0133)842] - [0.5(1 +.0133)84]]
St = 440, which is less than the long-term flexural strength of the CIPP.Therefore, the final
CIPP thickness is t = 0.18 inches.
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FULLY DETERIORATED INTERNAL PRESSURE PIPE

As discussed previously, it is critical to understand the physical conditions of the pipe and the operating parameters of
the system when designing for the fully deteriorated pressure condition. This pipe classification assumes the existing
pipe has no capability to hold any of the pressure and the CIPP must be designed of a proper thickness to hold all
internal and external pressure.

For the design of pressure pipes it may assumed that pipes are either thick or thin walled cylinders with uniform
pipe wall thickness. Internal pressure produces an internal ring tension loading condition and tensile strength of
the resin/fabric matrix used to construct the CIPP is important to the design. As reviewed in the Materials section of
the Engineering Design Guide, high performance resins such as vinyl esters and epoxy resins are recommended for
pressure applications due to their high tensile strength and elongation properties. Contact Lanzo Lining technical
services for recommendations concerning the design and materials selection for pressure pipe.

The design equation for fully deteriorated pressure pipe given in ASTM F1216 assumes pressure pipe is a thick walled
cylinder as given below:

Pi=  2s

N

{DR-2)N {18)

The equation for a thin walled cylinder is given as follows:

Pi= 2s

.

(DR-1)N (19)
When rearranged to solve for thickness Equation 19 becomes:

t= Do {20)
[(2s./PiN) + 1]

The variables used in Equation 20 have previously been defined.

Although the differences are relatively small, the solution for a thin walled cylinder is a more conservative approach
than ASTM F1216. Therefore, design Equation 20 for a thin walled pressure cylinder will be used for fully deteriorated
pressure pipe. When the pressure pipe is underground the CIPP thickness for internal pressure should be checked against
Equations 8 and 9 for fully deteriorated gravity flow pipe. The greatest thickness is chosen for the pressure pipe.
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DETAILED SPECIFICATION
FOR
PROJECT SCHEDULE
1of2

DESCRIPTION

Examination of Plans, Specifications, and Work Site: Bidders shall carefully examine the Bid Form,
plans, specifications and the work site until the Bidder is satisfied as to all local conditions affecting the
contract and the detailed requirements of construction. The submission of the bid shall be considered prima
facie evidence that the Bidder has made such examination and is satisfied as to the conditions to be
encountered in performing the work and all requirements of the contract.

The entire work under this Contract shall be completed in accordance with, and subject to, the scheduling
requirements as outlined below, and all other requirements of the Contract Documents.

1. The Contractor shall begin the work of this project on or before December 15, 2020, and only upon
receipt of the fully executed Contract and Notice to Proceed. Appropriate time extensions shall be
granted if the Notice to Proceed is delayed beyond this date.

2. The entirety of work under this Contract, including but not limited to sanitary sewer inspection,
cleaning, televising, and rehabilitation (cured-in-place pipe [CIPP] lining); manhole rehabilitation; the
removal of any and all traffic control devices; and the installation/maintenance of the needed temporary
soil erosion and sedimentation control devices, shall be completed by the Final Completion date of
June 30, 2021.

The Contractor is expected to be furnished with two (2) copies of the Contract, for his/her execution, on or
before October 30, 2020. The Contractor shall properly execute both copies of the Contract and return
them, with the required Bonds and Insurance Certificate, to the City within ten (10) days. The Contractor
shall not begin the work before the applicable date(s) as describes herein without approval from the Project
Engineer, and in no case before the receipt of the fully executed Contract. City Council approval is expected
on November 16, 2020.

Time is of the essence in the performance of the work of this contract. The Contractor is expected to mobilize
sufficient personnel and equipment and work throughout all authorized hours to complete the project within
the specified time/date of this Contract. Should the Contractor demonstrate that work must occur on Sundays
in order to maintain the project schedule, they may do so between the hours of 9:00 a.m. and 5:00 p.m. with
prior approval from the City. The Contractor will submit authorization requests for any Sunday work a
minimum of three working days in advance of the day of the proposed work. There will be no additional
compensation due to the Contractor for work performed on Sundays.

Prior to the start of any construction, the Contractor shall submit a detailed progress schedule of work for
the Engineer's review and approval. Work shall not start until a schedule is approved in writing by the
Engineer. The Contractor shall update the approved work schedule upon request by the Engineer and
present it to the Engineer within seven days of said request.

The City's decision to delete locations, add locations, change the limits of construction limits at any
locations, or, the City's contribution to a delay of the construction at any one location shall not entitle the
Contractor to receive additional compensation for work on any other location(s), nor shall it relieve the
Contractor of any responsibilities for completion of work on any other location(s).
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DETAILED SPECIFICATION
FOR
PROJECT SCHEDULE

20f 2

The Engineer may delay or stop the work due to threatening weather conditions. The Contractor shall not
be compensated for unused materials or downtime due to rain, or the threat of rain. The Contractor is solely
responsible for repairing all damages to the work and to the site, including road infrastructures, road
subgrades, and any adjacent properties, which are caused as a result of working in the rain.

The Contractor shall not work in the dark except as approved by the Engineer and only when lighting for
night work is provided as detailed elsewhere in this contract. The Engineer may stop the work, or may
require the Contractor to defer certain work to another day, if, in the Engineer's opinion, the work cannot
be completed within the remaining daylight hours, or if inadequate daylight is present to either properly
perform or inspect the work. The Contractor will not be compensated for unused materials or downtime,
when delays or work stoppages are directed by the Engineer for darkness and/or inadequate remaining
daylight reasons. The Contractor is solely responsible for repairing all damages to the work and to the site,
including road infrastructures, road subgrades, and any adjacent properties, which are caused as a result of
working in the dark.

No work shall be performed or lane closures permitted during the holiday periods, as defined by the
Engineer.

Failure to complete all work as specified herein within the times specified herein, including time extensions
granted thereto as determined by the Engineer, shall entitle the City to deduct from the payments due the
Contractor, $500.00 in Liquidated Damages, and not as a penalty, for delays in the completion of the work
for each and every calendar day beyond any “Complete Work™ date for each location, and beyond the
overall project completion date as required by this Detailed Specification.

Liquidated Damages will be assessed until the required work is completed in the current construction
season. If, with the Engineer’s approval, work is extended beyond seasonal limitations, the assessment of
Liquidated Damages will be discontinued until the work is resumed in the following construction season.

If the work required by this construction contract is not completed by the specified date(s) including any
extensions of time granted thereto, at the sole discretion of the City of Ann Arbor, this Contract may be
terminated with no additional compensation due to the Contractor, and the Contractor may be forbidden to
bid on future City of Ann Arbor projects for a period of at least three (3) years. If the Engineer elects to
terminate the Contract, contract items paid for on a Lump Sum basis shall be paid up to a maximum
percentage equal to the percentage of the contract work that has been completed.
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DETAILED SPECIFICATION
FOR
COORDINATION AND COOPERATION WITH OTHERS
AND
WORK BY OTHERS

lofl

The Contractor is reminded as to the requirements of article 104.07 of the 2012 edition of the MDOT
Standard Specifications, “Cooperation by the Contractor.”

The Contractor shall directly coordinate his/her work with individual City Departments/Divisions/Units.

No additional compensation will be paid to the Contractor, and no adjustments to contract unit prices will
be made, due to delays and/or the failure of others in the performance of their work, nor for delays due to
the encountering of existing utilities that are, or are not, shown on the Plans.

The following Utility Owners, and others not listed specifically, may have overhead and/or underground
facilities located within the Right-of-Way/Public Easements:

The City of Ann Arbor

University of Michigan (UM)

Michigan Department of Transportation (MDOT)
AT&T

Comcast

DTE Energy - Detroit Edison Company (Edison)
DTE Energy - Michigan Consolidated Gas Company (Michcon)
Fiber Link Inc.

Light Core (Century Tel)

MCI Communications

Windstream Communications

On all projects:
“3 Working Days before you Dig - Call MISS DIG - Toll Free” Phone No. 1-800-482-7171.

The Owners of public or private utilities which will not interfere with the completed project and which do
not present a hazard to the public or an extraordinary hazard to the Contractor's operations will not be
required to move their facilities on or from the street right-of-way.

During the life of this contract, other public authorities and utility companies may be performing work
within or adjacent to the project limits, including, but not limited to; construction of adjacent projects,
underground utility work, permanent signing and traffic signals work, traffic control improvements, street
maintenance and snow removal, etc. The Contractor shall cooperate and coordinate construction activities
with these agencies in accordance with Article 104.08 of the 2012 edition of the MDOT Standard
Specifications for Construction.

Stoppages created solely by the operations of the utility companies which delay utility revisions on any
portion of this project may be considered as a basis of claim for an extension of time for project completion.

Costs for this work will not be paid for separately, but shall be included in the bid price of the Contract
Item “General Conditions.”
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DETAILED SPECIFICATION
FOR
MAINTENANCE OF TRAFFIC
1lof2

DESCRIPTION

Traffic shall be maintained in accordance with the City of Ann Arbor Public Services Department Standard
Specifications and as specified in Sections 104.11, 812, and 922 of the Michigan Department of
Transportation (MDOT) 2012 Standard Specifications for Construction, the 2011 Michigan Manual of
Uniform Traffic Control Devices (MMUTCD), and as described herein.

The Contractor shall furnish, erect, maintain and, upon completion of the work, remove all traffic control
devices and barricade lights as required on the project for the safety and protection of local traffic. This
includes, but is not limited to, temporary advance, regulatory, and warning signs; barricades and
channelizing devices at intersections and on streets where traffic is to be maintained; barricades at the ends
of the project and at right-of-way lines of intersecting streets, and traffic control devices for moving
construction operations.

MATERIALS

The materials and equipment shall meet the requirements specified in the corresponding sections of the
MDOT 2012 Standard Specifications for Construction and the 2011 MMUTCD.

Maintenance of Local Traffic

Unless otherwise indicated on the plans, all side roads shall not be closed to through traffic except during
construction operations of short duration and only upon written approval of the Engineer.

Local access shall be maintained at all times for emergency vehicles, refuse pick-up, mail delivery, school
buses, and ingress/egress to public and private properties.

Contractor must accommodate the safe access to the residential buildings and businesses located within
construction area.

Driveways shall not be blocked for extended periods of time unless arrangements can be made with the
affected property owner(s). When it becomes necessary to temporarily block driveways, the Contractor
shall notify the affected property owners in advance to coordinate the work and allow sufficient time for
vehicles to vacate from properties. It may be necessary to allow for vehicles to temporarily park in the
roadway at locations that do not interfere with the Contractor’s work. During these periods the owners of
the respective vehicles must be available to, with proper notice, move their vehicles if it becomes necessary
to accommodate the work.

At times, when it becomes necessary to temporarily obstruct local traffic during the performance of the
work, the Contractor shall provide traffic regulator control in conformance with Chapter 6E of the
MMUTCD, Sections 6E.01 thru 6E.08. A minimum of two traffic regulators are required. The cost of
traffic regulator control shall be included in the contract pay item “Minor Traffic Control, Modified,
Maximum $50,000”.

A lane-closure permit shall be obtained by the Contractor from the Engineering Department, at least 48
hours in advance of any proposed lane or street closing.
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No lane closures shall be permitted during the Independence Day and Labor Day holiday periods, as defined
by the Engineer.

The hours of work on all Local streets are 7:00 a.m. to 8:00 p.m., Monday through Saturday, or as specified
on the lane-closure permit. No equipment will be allowed in the street before or after these hours. Local
streets may only be closed to through traffic (local access only) with written authorization of the Engineer.
Work must be completed each day such that all streets are re-opened to through traffic by 8:00 p.m. unless
otherwise specified, directed, or authorized in writing by the Engineer. All major changes in traffic control
shall be made either between 9:30 a.m. and 3:30 p.m. or between 7:00 p.m. and 6:30 a.m. in order to
minimize interference with rush-hour traffic. All traffic controls must be in-place and ready for traffic each
day by 6:30 a.m. and 3:30 p.m.

The Contractor shall temporarily cover conflicting traffic and/or parking signs when directed by the
Engineer.

The Contractor shall use quantities of dust palliative, maintenance aggregate, and cold patching/HMA
mixtures for use as temporary base, surfacing, and dust control at utility crossings, side roads and driveways
(wherever required to maintain traffic), and where directed by the Engineer to maintain local access. The
cost for the use of dust palliative, maintenance aggregate, cold patch and/or hot mix asphalt 36 A mixture,
as required and directed by the Engineer for maintenance of traffic and local access, shall be included in
contract pay item "General Conditions," and it will not be paid for separately.

The work of maintaining and relocating existing warning, regulatory and/or guide signs; and of removing,
salvaging and reinstalling existing signs and supports is included in the bid price for the contract pay item
“Minor Traffic Control, Modified, Maximum $ 50,000 .

Mailboxes and newspaper boxes that are in the way of the construction shall be removed and reset
immediately in a temporary location approved by the Engineer. Mail and paper delivery shall not be
interrupted during the construction. Upon completion of the construction, all mailboxes and newspaper
boxes, including their supports, shall be repositioned in their permanent locations as approved by the
Engineer. This work shall be included the contract unit price for the contract pay item “General
Conditions,” and it will not be paid for separately.

The Contractor shall perform the work of this Contract while maintaining traffic in accordance with the
Contract Documents as specified herein. No traffic shall be allowed on newly placed asphalt surfaces until
rolling has been satisfactorily completed and the surface has cooled sufficiently to prevent damage from
traffic. This is to be accomplished by flag persons and by relocating traffic control devices to prevent traffic
from entering the work area until such time that it can be safely maintained without damaging the new
construction. The Contractor shall provide traffic regulators in sufficient number to maintain traffic as
described herein, and to keep traffic off sections being surfaced, and provide for safe travel at all times as
directed by the Engineer.

The Contractor shall furnish, erect, maintain, and upon completion of the work, remove any and all traffic
control devices utilized on the project.

Each pressure distributor, paver and roller shall be equipped with at least one approved flasher light which
shall be mounted on the equipment so as to give a warning signal ahead and behind.
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The Contractor must submit a detailed progress schedule at the Pre-construction meeting which is to be
approved by the Engineer. Unless an alternative sequence is requested by the Contractor and approved in
writing by the Engineer, the work shall be performed in the order as shown on the schedule. This outline
does not detail the full range of materials and processes needed to complete the work under this Contract.
At each location the Contractor shall:

1. Install the required temporary traffic control devices in accordance with the construction plans,
as detailed in the specifications, and as directed by the Engineer.

2. Install the soil erosion control measures in accordance with the plans and as directed by the
Engineer.

3. Obtain approval for, set up, and activate by-pass pumping.

4, Clean & videotape sewer to be lined.

5. Construct the proposed sewer lining. The new sewer shall be tested in accordance with the
plans and specifications.

6. After all the new sewer has passed the required testing, the contractor shall open all service
leads. Service leads shall not be out of service for more than 12 hours.

7. Deactivate and breakdown by-pass pumping equipment.

8. Perform final cleanup and restoration in accordance with the Contract documents.

9. Remove temporary soil erosion and sedimentation control measures.

10. Remove all temporary traffic control devices.

Reference the plans for additional construction sequencing requirements.
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DETAILED SPECIFICATION
FOR
HOURS OF WORK

a. General Restrictions.- Hours of work shall be as stated in the Ann Arbor City Code Title IX,
Chapter 119, Page 9.363, Monday through Saturday, between the hours of 7:00 a.m. and 8:00 p.m.

b. Exceptions.- During installation of the cured-in-place pipe (CIPP) lining, the Contractor may
choose, in some cases, to perform nighttime work to facilitate construction during the inversion and curing
processes. Additional requirements regarding this work are contained in Detailed Specification “CIPP
Sewer Lining” and elsewhere in the Contract Documents. The Contractor shall include this work in their
progress schedule, notify, and submit a request to the Engineer for permission to perform the nighttime
CIPP work a minimum of 5 working days prior to beginning the work.

Maintenance of the sewer flow control may also require working outside the allowable hours of work
(“off-hour” work). The Contractor shall provide anticipated off-hour work as part of their Sewer Flow
Control Plan submittal(s) as contained in the Detailed Specification for “Sewer Flow Control.”

Additional work restrictions are contained in the Detailed Specifications for “Project Schedule,”
“Maintenance of Traffic,” “Working Space,” “Construction Sequencing,” and elsewhere in the Contract
Documents. These work restrictions shall take precedence over the General Restrictions and Exceptions
listed above.

The Contractor shall only perform work at night or on Sundays as required by the Contract Documents,
unless there is a special need and the work is approved by the Engineer. All requests to work during
off-hours shall be included in the Contractor’s progress schedule and submitted to the Engineer for approval
a minimum of 5 working days prior to beginning the work.

c. Noise Control. - All noise generated by construction activities shall not exceed 71 decibels (dBA)
beyond the property line of the property on which the work is being conducted between 7:00 a.m. and 8:00
p.m., Monday through Saturday. The Contractor shall provide screening, noise absorption, and level 11
sound attenuation as required on equipment to meet the noise limitations set herein. Any “off-hour” work
will require a temporary exemption from the City of Ann Arbor City Administrator. A temporary
exemption may be granted in accordance with each respective entities’ code of ordinance.

d. Method of Payment.- The costs of night work, whether required by the Contract Documents or
requested by the Contractor, shall not be paid for separately, but shall be considered included in the cost of
the affected contract pay items.
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DETAILED SPECIFICATION
FOR
WORKING IN THE RAIN

Portions of the work to be performed under this contract are weather sensitive. Contractor shall be
responsible for coordinating and scheduling their work in anticipation of the weather.

Sewer flow control must cease during wet weather conditions. Wet weather conditions are as defined in
Detailed Specification “Sewer Flow Control.”

In the event of a wet weather event, Contractor shall remove plugs installed for sanitary flow diversion.
Plugs shall be reinstalled upon cessation of the wet weather event and as approved by the Engineer.

The Contractor shall not be compensated for the time and/or effort spent removing the temporary flow
diversion plugs and the lateral bypass pumping system or for unused materials or downtime caused as a
result of a wet weather event. The Contractor is solely responsible for repairing all damage to the work and
to the site, including road infrastructure, road subgrades, underground utilities, any adjacent properties, and
the like, which are damaged as a result of working in the rain or working in areas that are wet from recent
precipitation.

The only exception to the above is as indicated in Detailed Specification “Extension of Time, Additional
Compensation.”

The costs of complying with this requirement shall not be paid for separately but shall be considered
included in the cost of the affected contract pay items.
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DETAILED SPECIFICATION
FOR
EXTENSION OF TIME, ADDITIONAL COMPENSATION

The Contractor shall notify the Engineer of their intent to submit a claim for additional compensation
or an extension of time in accordance with the requirements of Section 104.10 of the 2012 edition of the
Michigan Department of Transportation (MDOT) Standard Specifications for Construction. Failure to do
so may be a basis for not approving the request for additional compensation or extension of time. The
notification will allow the Engineer an opportunity to influence, keep records, and monitor the work.

Extensions of time will not be authorized due to delays caused by, or stemming from, the weather for
the period between November 14th and April 16th unless any of the following conditions are present:

1. Air temperature (as measured from a thermometer provided, maintained, and installed by
the Contractor in a location on the worksite, as mutually agreed upon between the Contractor and the
Engineer) is below 15°F for a period of time longer than 48 consecutive hours.

2. Accumulations of snow in excess of 12 inches occur in any 24 hour period.
3. Freezing rain in excess of 1/4-inch occur in any 24 hour period.
4. Wet weather event, as defined in Detailed Specification “Sewer Flow Control” requiring

the temporary removal of flow diversion plugs and lateral bypass pumping system.

Should the above mentioned weather conditions occur, and the Contractor requests an extension of
contract time, the time extension shall only be for the realized delay to the controlling work operation.

The above weather delays shall not be considered as a basis for additional compensation on this project.
The only exception shall be that if the temporary removal of the flow diversion plugs and lateral bypass
pumping system occurred after the sewers had been cleaned, televised, prepped for lining, and approved by
the Engineer for lining before the sewers were lined. In such an event, the Contractor may request
compensation for the re-cleaning and re-televising of the affected pipes only. The re-cleaning must first be
approved by the Engineer prior to the work beginning. No compensation shall be provided for the removal
and re-installation of the plugs.

In addition, if delays resulting from air temperature, snow accumulation, and/or freezing rain occur and
the Contractor has their bypass pumping system in place and operational, the Contractor shall still be
responsible to continuously protect and maintain in operation the complete sewer flow control system.
Expenses related to maintaining the bypass pumping system shall not be considered to be additional costs
or extra expenses during an authorized extension of time due to these weather-related time extensions.

The Contractor shall anticipate underground utility complications arising from the proposed utility
work, unknown and/or fragile utilities, and utilities requiring investigation and or relocation. These utilities
may be shown on the Drawings, correctly or incorrectly, or not at all, and may delay a controlling operation.

Additional compensation is defined as additional work, extra work, upward unit price adjustments,
payments for down time, and the like.
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DETAILED SPECIFICATION
FOR
ITEM #200 - GENERAL CONDITIONS, MODIFIED, MAXIMUM $100,000

1of2

DESCRIPTION

This item shall include all work described and required by the Plans and Specifications for which no item
of work is listed in the Bid Form, including but not limited to:

Scheduling and organization of all work, subcontractors, suppliers, testing, inspection, surveying,
and staking

Coordination of, and cooperation with, other contractors, agencies, departments, and utilities
Protection and maintenance of Utilities

Placing, maintaining, and removing all soil erosion and sedimentation controls, including stone
inlets filers (as shown on project plants)

Maintaining drainage

Maintaining driveways drive openings, sidewalks, bike paths, mail deliveries, and solid
waste/recycle pick-ups. This includes the placement and maintenance of gravel in driveway
openings as directed by the Engineer

Storing all materials and equipment off lawn areas

Temporary relocation and final replacement/re-setting of mailboxes

Site clean-up

Coordination efforts to furnish various HMA mixtures as directed by the Engineer

Coordination efforts to furnish and operate various-size vehicles/equipment as directed by the
Engineer

Furnishing and operating vacuum-type street cleaning equipment a minimum of once per week or
more frequently as directed by the Engineer

Furnishing and operating vacuum-type utility structure cleaning equipment

Furnishing and operating both vibratory plate and pneumatic-type (“pogo-stick’”) compactors
Furnishing and operating a backhoe during all work activities

Furnishing and operating a jackhammer and air compressor during all work activities

Noise and dust control

Mobilization(s) and demobilization(s)

Furnishing submittals and certifications for materials and supplies

Disposing of excavated materials and debris - The Contractor shall dispose of, at the Contractor’s
expense, all excavated material. Costs for this work will not be paid for separately.

All miscellaneous and incidental items such as overhead, insurance, and permits.

Meeting all requirements relating to Debarment Certification, Davis Bacon Act, and Disadvantaged
Business Enterprise, and providing the necessary documentation.

Data pertaining to existing soil borings and pavement sections which are included in Appendix B, of these
Contract Documents are provided to help the Engineer and Contractor determine the soil conditions existing
within the construction area. The City in no way guarantees existing conditions to be the same as shown
in the data. The Contractor is solely responsible for any and all conclusions he/she may draw from the data.

Quantities as given are approximate and are estimated for bidding purposes. Quantities are not guaranteed
and may vary by any amount. While it is the City's intent to complete the project substantially as drawn
and specified herein, quantities may be changed or reduced to zero for cost savings or other reasons. The
City reserves the right to change the quantities, and no adjustment in unit price will be made for any
change in any quantity.
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DETAILED SPECIFICATION
FOR
ITEM #200 - GENERAL CONDITIONS, MODIFIED, MAXIMUM $100,000
20f 2

MEASUREMENT AND PAYMENT

This item of work will be paid for on a pro rata basis at the time of each progress payment. Measurement
will be based on the ratio between work completed during the payment period and the total contract amount.
When all of the work of this Contract has been completed, the measurement of this item shall be 1.0 Lump
Sum, minus any deductions incurred for inadequate performance as described herein. This amount will not
be increased for any reason, including extensions of time, extras, and/or additional work.

The completed work as measured for this item of work will be paid for at the Contract Unit Price for the
following Contract (Pay) Item:

PAY ITEM PAY UNIT
General Conditions, Modified, Maximum $100,000 Lump Sum

The unit price for this item of work shall include all labor, material, and equipment costs to perform all the
work specified in the Standard Specifications and as modified by this Detailed Specification.
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DETAILED SPECIFICATION
FOR
ITEM #201 - PROJECT SUPERVISION, MODIFIED, MAXIMUM $50,000
1of3

DESCRIPTION

The Contractor shall designate a full-time Project Supervisor to act as the Contractor's agent/representative,
and to be responsible for scheduling and coordination of all subcontractors, suppliers, other governmental
agencies, and all public and private utility companies.

The Project Supervisor shall not be an active crew member of the Contractor, shall not be an active member
or employee of any subcontractor's work force, and shall not perform general or specialized labor tasks.

The Project Supervisor shall work exclusively on this project, and shall put forth his/her full effort
into the organization and coordination of the work of this project.

Prior to the pre-construction meeting, the Contractor shall designate a proposed Project Supervisor by name,
and shall furnish the City with a current, thorough, detailed summary of the proposed Project Supervisor's
work history, outlining all previous supervisory experience on projects of a similar size and nature. The
detailed work history shall include personal and professional references (names and phone numbers) of
persons (previous owners or agents) who can attest to the qualifications and work history of the proposed
Project Supervisor. Proposed candidates for Project Supervisor shall have a demonstrated ability to work
harmoniously with the City, the public, subcontractors, and all other parties typically involved with work
of this nature. The Supervising Professional will have the authority to reject a proposed Project Supervisor
whom he/she considers unqualified.

The Project Supervisor shall be available 24 hours-per-day to provide proper supervision, coordination and
scheduling of the project for the duration of the Contract. The Contractor shall furnish the City with
telephone numbers of the Project Supervisor in order to provide 24 hour-per-day access during business
and non-business hours, including weekends and holidays.

The Project Supervisor shall be equipped by the Contractor with a mobile telephone to provide the City

with 24 hour-per-day access to him/her during daily construction activities, during transit to and from the
construction site, and during all non-business hours including weekends and holidays.

The Project Supervisor shall be equipped with assistants as necessary to provide project supervision as
specified herein, and in accordance with the Contract.

DUTIES AND RESPONSIBILITIES

The Project Supervisor work harmoniously with the City, the public, subcontractors, and all other parties
typically involved with work of this nature.

The Project Supervisor shall have a thorough, detailed understanding and working knowledge of all
construction practices and methods specified elsewhere herein, as well as the handling, placement, testing
and inspection of aggregates, aggregate products, HMA concrete, and Portland cement concrete materials.

The Project Supervisor shall be responsible for all of the work of all of the Contractor's, subcontractors' and
suppliers' work forces.
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DETAILED SPECIFICATION

FOR
ITEM #201 - PROJECT SUPERVISION, MODIFIED, MAXIMUM $50,000

20f3

The Project Supervisor shall be responsible for proper and adequate maintenance (emissions, safety, and
general operation) of all of the Contractor's, subcontractors' and suppliers' equipment and vehicles.

The Project Supervisor shall be responsible for the legal, proper and safe parking/storage of all of the
Contractor's, subcontractors' and suppliers' equipment, work vehicles, and employee's vehicles.

The Project Supervisor shall schedule and coordinate the work of all parties involved in the project,
including utility companies, testing agencies, governmental agencies, all City departments (such as Utilities
and Transportation), and City inspectors.

The Project Supervisor shall coordinate and schedule the work of any independent survey crews that may
be retained by the City to witness and reset existing and new geographic/benchmark monuments. Failure
to have existing monuments witnessed and reset may result in delays to the Contractor's work. Costs for
such delays will be the Contractor's sole responsibility.

The Project Supervisor shall coordinate and schedule both testing inspectors and City inspectors in a timely
manner, to assure proper and timely testing and inspection of the work.

The Project Supervisor shall review the Inspector's Daily Reports (IDRs) for accuracy, and shall sign all
IDRs on a daily basis as the representative of the Contractor. Items to be reviewed include descriptions,
locations and measurements of quantities of work performed, workforce, equipment, and weather. The
Project Supervisor shall also be responsible for its subcontractors’ review and initialing of IDRs containing
work items performed by each respective subcontractors.

The Project Supervisor shall submit to the Engineer, an updated, detailed schedule of the proposed work
on a weekly basis, and an update of all proposed changes on a daily basis, all in accordance with the Detailed
Specification for Project Schedule contained elsewhere herein.

The Project Supervisor shall schedule and chair a weekly progress meeting with the Engineer and all
subcontractors to discuss the work. Upon the completion of each meeting, the Project Supervisor shall
prepare and distribute, to all present, a written summary of the meeting's minutes. Those in attendance shall
review the minutes and, if necessary, comment on any deficiencies or errors prior to or at the next scheduled
progress meeting.

ADDITIONAL PERFORMANCE REQUIREMENTS

If, in the sole opinion of the Supervising Professional, the Project Supervisor is not adequately performing
the duties as outlined in this Detailed Specification, the following system of notices will be given to the
contractor with the associated penalties:

First Notice — A warning will be issued in writing to the contractor detailing the deficiencies in the
Project Supervision. The contractor must respond within 7 calendar days in writing
with a plan to correct the stated deficiencies. Failure to respond within 7 calendar days
will result in the issuing of a second notice.
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DETAILED SPECIFICATION
FOR
ITEM #201 - PROJECT SUPERVISION, MODIFIED, MAXIMUM $50,000

30f3

Second Notice — A second warning will be issued in writing to the contractor further detailing the
deficiencies in the Project Supervision. The contractor must respond within 7 calendar
days in writing with a plan to correct the stated deficiencies. Failure to respond within
7 calendar days will result in the issuing of a third notice. A deduction
of 10% will be made from the original Project Supervision contract amount. At this
time, the City reserves the right to meet with personnel with the necessary authority
within the Contractor’s organization to discuss the deficiencies in the Project
Supervision.

Third Notice — An additional deduction of 25% will be made from the original Project Supervision
contract amount, and the Project Supervisor shall be removed from the project, and
replaced immediately with another individual to be approved by the Supervising
Professional.

Should, in the sole opinion of the Supervising Professional, the Project Supervisor fail to perform his/her
duties and responsibilities as described herein to such a degree that the successful completion of the project
is put in jeopardy, the above system of notices may be foregone, and the Contractor shall immediately
replace the Project Supervisor upon receipt of written notice. Failure to provide adequate project
supervision, as determined by the Engineer, shall be considered basis for the Supervising Professional to
suspend work without extension of contract time or additional compensation.

MEASUREMENT AND PAYMENT

This item of work will be paid for on a pro rata basis at the time of each progress payment. Measurement
will be based on the ratio between work completed during the payment period and the total contract amount.
When all of the work of this Contract has been completed, the measurement of this item shall be 1. 0 Lump
Sum, minus any deductions incurred for inadequate performance as described herein. This amount will not
be increased for any reason, including extensions of time, extras, and/or additional work.

The completed work as measured for this item of work will be paid for at the Contract Unit Price for the
following Contract (Pay) Item:

PAY ITEM PAY UNIT
Project Supervision, Maximum $50,000 Lump Sum

The unit price for this item of work shall include all labor, material, and equipment costs to perform all the
work specified in the City Standard Specifications and as modified by this Detailed Specification.
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DETAILED SPECIFICATION
FOR
ITEM #202 — AUDIO VISUAL TAPE COVERAGE, MODIFIED
1of3

DESCRIPTION

This work shall include digital audiovisual record of the physical, structural, and aesthetic conditions of the
construction site and adjacent areas as provided herein. This work will be performed for the entire project
limits prior to the start of construction.

The audio-visual filming shall be:
1. Of professional quality, providing a clear and accurate audio and visual record of existing
conditions.

2. Prepared within the four (4) week period immediately prior to the start of construction

3. Furnished to the Engineer a minimum of one (1) week prior to bringing any materials or
equipment within the areas described in this Detailed Specification.

4. Carried-out under the supervision of the Engineer.
The Contractor shall furnish one (1) copy of the completed audiovisual record to the Engineer. An index of
the footage shall be included, which will enable any particular area of the project to be easily found. This

includes indexing the files according to street and Station number as applicable. The Contractor shall
retain a second copy of the audiovisual record for his/her own use.

Any portion of the film determined by the Engineer to be unacceptable for the documentation of existing
conditions shall be filmed again at the Contractor’s sole expense prior to mobilizing onto the site.

PRODUCTION

The audio-visual filming shall be completed in accordance with the following minimum requirements:

1. DVD Format, No Editing - The filming shall be done in color using equipment that allows audio
and visual information to be recorded. Splicing or editing of the tape shall not be allowed and the
speed and electronics of the videotaping equipment and DVD shall be equal to that which is
standard to the videotaping industry.

2. Perspective / Speed / Pan / Zoom - To ensure proper perspective, the distance from the ground to
the camera lens shall not be less than 10 feet and the filming must proceed in the general direction
of travel at a speed not to exceed 48 feet per minute. Pan and zoom rates shall be controlled
sufficiently so that playback will ensure quality of the object viewed.

3. Display - The recording equipment shall have transparent time, date stamp and digital annotation
capabilities. The final copies of the tape shall continuously and simultaneously display the time
(hours:minutes:seconds) and the date (month/date/year) in the upper left-hand corner of the frame.
Accurate project stationing, where applicable, shall be included in the lower half of the frame in
standard format (i.e. 1+00). Below the stationing periodic information is to be shown, including
project name, name of area shown, street address, direction of travel, viewing direction, etc. If in
the event, the stationing has not been established on-site, refer to the plans and approximate the
proposed stationing.
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DETAILED SPECIFICATION
FOR
ITEM #202 - AUDIO VISUAL TAPE COVERAGE, MODIFIED

20f 3

Audio Commentary / Visual Features. Locations relative to project limits and landmarks must be
identified by both audio and video means at intervals no longer than 100 feet along the filming
route. Additional audio commentary shall be provided as necessary during filming to describe
streets, buildings, landmarks, and other details, which will enhance the record of existing
conditions.

Visibility / Ground Cover - The filming shall be performed during a time of good visibility. Filming
shall not be performed during periods of precipitation or when snow, leaves, or other natural debris
obstruct the area being filmed. The Contractor shall notify the Engineer in writing in the event that
the weather or snow cover is anticipated to cause a delay in filming.

COVERAGE

The audio-visual film coverage shall include the following:

1.

General Criteria - This general criteria shall apply to all filming and shall include all areas where
construction activities will take place or where construction vehicles or equipment will be operated
or parked and or where materials will be stored. The filming shall extend an additional 50 feet
outside of all areas. The filming shall include all significant, existing man-made and natural features
such as driveways, sidewalks, utility covers, utility markers, utility poles, other utility features,
traffic signal structures and features, pubic signs, private signs, fences, landscaping, trees, shrubs,
other vegetation, and other similar or significant features.

Other Areas - The Contractor shall film at his sole expense other areas where, in his/her opinion,
the establishment of a record of existing conditions is warranted. The Contractor shall notify the
Engineer in writing of such areas.

The Engineer may direct the filming of other minor areas not specified herein at the Contractor’s sole
expense.

AUDIOVISUAL FILMING SERVICES

The following companies are known to be capable of providing the filming services required by this
Detailed Specification and shall be utilized, unless the Contractor receives prior written approval from the
Engineer to utilize another company of comparable or superior qualifications.

Construction Video Media

Midwest Company

Topo Video, Inc.

Video Media Corp.

Paradigm 2000, Inc.

Finishing Touch ~ Photo and Video
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DETAILED SPECIFICATION
FOR
ITEM #202 - AUDIO VISUAL TAPE COVERAGE, MODIFIED
30f3

MEASUREMENT AND PAYMENT

The completed work as measured for these items of work will be paid for at the Contract Unit Prices for
the following Contract (Pay) Items:

PAY ITEM PAY UNIT
Audiovisual Tape Coverage, Modified Lump Sum

Audiovisual Tape Coverage shall include all labor, equipment, and materials required to perform the
filming and to provide the finished videotape the Engineer. The unit price includes filming the entire project
limits, for each and every street, as described above.
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DETAILED SPECIFICATION
FOR
ITEM #203 - MINOR TRAFFIC CONTROL, MODIFIED, MAXIMUM $75,000
lof5

DESCRIPTION

The work shall include, but is not limited to the following:

e The furnishing and operating of miscellaneous signs, warning devices, traffic regulators, flags,
paddles, and cones;

The operation of additional signs furnished by the City;

Furnishing and installing meter bags;

Coordinating with the City to have meter heads removed and reinstalled;

Maintaining pedestrian traffic;

Temporarily covering traffic controls;

Temporarily covering existing signs as directed;

Any and all other miscellaneous and/or incidental items which are necessary to properly perform
the work.

This work shall consist of protecting and maintaining vehicular and pedestrian traffic, in accordance with
Sections 104.11and 812 of the of the Michigan Department of Transportation (MDOT) 2012 Standard
Specifications for Construction; Part 6 of the 2011 Edition of the Michigan Manual of Uniform Traffic
Control Devices (MMUTCD); and the City of Ann Arbor Standard Specifications for Construction, except
as modified herein.

MATERIALS, EQUIPMENT, AND CONSTRUCTION METHODS

Materials and equipment shall meet the requirements specified in the above designated sections of the
MDOT 2012 Standard Specifications for Construction.

The Contractor shall maintain two-way traffic on major streets, access for local traffic on local streets, and
keep all intersections open to traffic at all times, unless specifically authorized in writing by the Engineer.

The Contractor shall maintain traffic such that no vehicle shall be required to drive into active work areas.
Patch areas which extend more than halfway across the roadway shall be removed and replaced so as to
provide a minimum of half the pavement width at all times for maintaining traffic.

The Contractor shall keep all driveways open at all times, unless specifically authorized in writing by the
Engineer.

The Contractor shall maintain pedestrian traffic at all times. For maintaining normal pedestrian traffic
while performing sidewalk and driveway repair, Plastic Drum, High Intensity, Lighted shall be placed by
the Contractor as directed by the Engineer. The Contractor, when directed by the Engineer, shall place
"Sidewalk Closed" and/or "Cross Here" signs and the cost shall be included in this pay item and will not be
paid for separately.

All temporary traffic/pedestrian control devices furnished by the Contractor shall remain the property of
the Contractor. The City shall not be responsible for stolen or damaged signs, barricades, barricade lights
or other traffic maintenance items. The Contractor shall replace missing traffic control devices
immediately, at no additional cost to the Contract or City.
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DETAILED SPECIFICATION
FOR
ITEM #203 - MINOR TRAFFIC CONTROL, MODIFIED, MAXIMUM $75,000

20f5

All existing signs, and signs erected by the City of Ann Arbor on this project shall be preserved, protected,
and maintained by the Contractor. The City will repair any existing City owned signs, at the Contractor’s
expense, which are damaged by the Contractor during the work.

The Contractor shall obtain a Traffic Detour or Lane Closure Permit from the City’s Project Management
Services Unit, at least 48 hours in advance of any proposed lane or street closing.

Traffic on major streets should not be impacted between the hours of 7:00 a.m. to 9:00 a.m. and from 3:30
p-m. to 6:00 p.m. without written permission from the Engineer or as specified on the Lane Closure Permit.
All major changes in traffic control shall be made either between 9:00 a.m. and 3:30 p.m. or between 7:00
p-m. and 6:30 a.m. in order to minimize interference with rush hour traffic. All traffic controls must be in
place and ready for traffic each day by 6:30 a.m. and 3:30 p.m.

The hours of work on all local streets are 7:00 a.m. to 8:00 p.m., Monday through Saturday, or as specified
on the Lane Closure Permit. No equipment will be allowed in the street before or after these hours. Local
streets may only be closed to through traffic (local access only) with written authorization of the Engineer.
Work must be completed each day such that all streets are re-opened to through traffic by 8:00 p.m. unless
otherwise specified, directed, or authorized in writing by the Engineer.

The Contractor shall temporarily cover conflicting traffic and/or parking signs when directed by the
Engineer.

Parking violation citations issued to the Contractor, subcontractor, and material suppliers including each of
their respective employees shall be enforced under appropriate City Code.

The Contractor shall replace missing or damaged traffic control devices as directed by the Engineer. When
traffic control devices have been damaged by, or due to, the negligence of the Contractor, its subcontractors
or material suppliers, the traffic control devices shall be replaced at the Contractor's expense.

The work for Minor Traffic Control, Modified shall include: furnishing and operating of miscellaneous
signs and warning devices; furnishing cones; operating additional signs furnished by the City throughout
the life of the Contract; furnishing and operating pedestrian traffic control devices; maintaining a safe trench
during all non-working hours; maintaining access to all drives; covering conflicting existing signs and
removal of these covers; and any and all other miscellaneous and/or incidental items which are necessary
to properly perform the work.

Where there is metered parking, the Contractor shall either rent and install meter bags, or, with the
Engineer's authorization, coordinate with the City Field Services to have meter heads removed and
reinstalled.

The Contractor shall maintain vehicular and pedestrian traffic during the work by the use of traffic
regulators, channelizing devices and signs as necessary, as directed by the Engineer, and in accordance with
2011 Edition of the MMUTCD. Typical applications for maintaining pedestrian traffic in accordance with
the 2011 Edition of the MMUTCD are included in this detailed specification.
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DETAILED SPECIFICATION
FOR
ITEM #203 - MINOR TRAFFIC CONTROL, MODIFIED, MAXIMUM $75,000
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In order to maintain areas of on-street parking available for residents, the Engineer may direct the contractor
to cover and uncover temporary “No Parking” signs within the project limits multiple times throughout the
course of the project. Such repeated covering and uncovering of signs shall be included in this item of work
and shall not be paid for separately.

MEASUREMENT AND PAYMENT

All temporary traffic/pedestrian control devices furnished by the Contractor shall remain the property of
the Contractor. The City shall not be responsible for stolen or damaged signs, barricades, barricade lights
or other traffic maintenance items. The Contractor shall replace missing traffic control devices
immediately, at no additional cost to the City.

Costs for transporting barricades and other temporary traffic control devices shall be included in the bid
prices for the individual items of work.

Minor Traffic Control, Modified, Maximum $25,000 will be paid for on a pro rata basis with each progress
payment. Measurement will be based on the ratio between work completed during the payment period and
the total contract amount. When all of the work of this Contract has been completed, the measurement of
this item shall be 1.0 Lump Sum minus any deductions incurred for inadequate performance as described
herein. This amount will not be increased for any reason, including extensions of time, extras, and/or
additional work.

The completed work as measured for these items of work will be paid for at the Contract Unit Price for the
following Contract (Pay) Items:

PAY ITEM PAY UNIT
Minor Traffic Control, Modified, Maximum $50,000 Lump Sum

The unit price for this item of work shall include all labor, material, and equipment costs to perform all the
work specified in the MDOT and City Standard Specifications for Construction, and as modified by this
Detailed Specification.
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Typical Application 28

Mote: See Tables 6H-2 and 6H-3 for the meaning
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2009 Edition Pagze 691

Figure 6H-29. Crosswalk Closures and Pedestrian Detours (TA-29)
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DETAILED SPECIFICATION
FOR
ITEMS #204/205 - BARRICADE, TYPE Ill, HIGH INTENSITY, DOUBLE SIDED,
LIGHTED, FURN/OPER
ITEMS #206/207 - CHANNELIZING DEVICE, 42 INCH, FURN/OPER
ITEMS #208/209 - LIGHTED ARROW, TYPE C, FURN/OPER

ITEMS #210/211 - PLASTIC DRUM, HIGH INTENSITY, LIGHTED, FURN/OPER

ITEMS #212/213 - SIGN, TYPE B, TEMP, PRISMATIC, FURN/OPER

1of3

DESCRIPTION

This work shall consist of protecting and maintaining vehicular and pedestrian traffic in accordance with
Sections 140.11, 812, and 922 of the Michigan Department of Transportation (MDOT) 2012 Standard
Specifications for Construction; Part 6 of the 2011 Edition of the Michigan Manual of Uniform Traffic
Control Devices (MMUTCD); and the City of Ann Arbor Standard Specifications for Construction, except
as modified herein.

MATERIALS, EQUIPMENT, AND CONSTRUCTION METHODS

Materials and equipment shall meet the requirements specified in the above designated sections of the
MDOT 2012 Standard Specifications for Construction.

The Contractor shall maintain traffic such that no vehicle shall be required to drive into active work areas.
Patch areas which extend more than halfway across the roadway shall be removed and replaced so as to
provide a minimum of half the pavement width at all times for maintaining traffic.

The Contractor shall maintain pedestrian traffic at all times. For maintaining normal pedestrian traffic
while performing sidewalk and driveway repair, Type III Barricades and/or Plastic Drums shall be placed
by the Contractor, as directed by the Engineer. "Sidewalk Closed" and/or "Cross Here" signs shall be
placed, by the Contractor, when directed by the Engineer.

All temporary traffic/pedestrian control devices furnished by the Contractor shall remain the property of
the Contractor. The City shall not be responsible for stolen or damaged signs, barricades, barricade lights
or other traffic maintenance items. The Contractor shall replace missing traffic control devices
immediately, at no additional cost to the City.

All existing signs, and signs erected by the City of Ann Arbor on this project shall be preserved, protected,
and maintained by the Contractor. Existing City owned signs which are damaged by the Contractor during
the work will be repaired by the City at the Contractor's expense.

Parking violation citations issued to the Contractor, subcontractor, and material suppliers including each of
their respective employees shall be enforced under appropriate City Code.

The Contractor shall replace missing or damaged traffic control devices, as directed by the Engineer. When
traffic control devices have been damaged by, or due to, the negligence of the Contractor, his subcontractors

or material suppliers, the traffic control devices shall be replaced at the Contractor's expense.

Lighted Plastic Drums, Type III Barricades, and Type B Temporary Signs

The Contractor shall furnish and operate these items as directed by the Engineer.
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DETAILED SPECIFICATION
FOR
ITEMS #204/205 - BARRICADE, TYPE Ill, HIGH INTENSITY, DOUBLE SIDED,
LIGHTED, FURN/OPER
ITEMS #206/207 - CHANNELIZING DEVICE, 42 INCH, FURN/OPER
ITEMS #208/209 - LIGHTED ARROW, TYPE C, FURN/OPER

ITEMS #210/211 - PLASTIC DRUM, HIGH INTENSITY, LIGHTED, FURN/OPER

ITEMS #212/213 - SIGN, TYPE B, TEMP, PRISMATIC, FURN/OPER
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Type Il Barricades shall have standard orange-and-white stripes on both sides of the barricade.

Sufficient signs shall be provided by the Contractor to insure the safety of the workers and the general
public in accordance with the 2011 Edition of the MMUTCD.

"Construction Ahead" warning signs shall be placed, as indicated on the Plans, or as directed by the
Engineer, prior to the start of work, regardless of the nature, magnitude or duration of the work.

MEASUREMENT AND PAYMENT

All temporary traffic control devices furnished by the Contractor shall remain the property of the
Contractor. The City shall not be responsible for stolen or damaged signs, barricades, barricade lights or
other traffic maintenance items. The Contractor shall replace missing traffic control devices immediately,
at no additional cost to the City.

Costs for transporting barricades and other temporary traffic control devices shall be included in the bid
prices for the individual items of work.

Barricade, Type III, High Intensity, Double Sided, Lighted, Furn/Oper

Payment for furnishing and operating lighted Type III barricades shall be for the maximum quantity in-
place at any one time during the work of the entire project (all streets).

Channelizing Device, 42 inch, Furn/Oper

There will be a one-time payment for each street for the maximum number of channelizing devices in-place
(operated) at any one time, as directed by the Engineer.

Lighted Arrow, Type C, Furn/Oper

Payment for lighted arrow shall be for the maximum quantity used on each street.

Plastic Drum, High Intensity, Lighted, Furn/Oper

There will be a one-time payment for each street for the maximum number of plastic drums in-place
(operated) at any one time, as directed by the Engineer.

Sign, Type B, Temp, Prismatic, Furn/Oper

Payment for temporary signs shall be for the maximum quantity used on each street.
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FOR
ITEMS #204/205 - BARRICADE, TYPE Ill, HIGH INTENSITY, DOUBLE SIDED,
LIGHTED, FURN/OPER
ITEMS #206/207 - CHANNELIZING DEVICE, 42 INCH, FURN/OPER
ITEMS #208/209 - LIGHTED ARROW, TYPE C, FURN/OPER

ITEMS #210/211 - PLASTIC DRUM, HIGH INTENSITY, LIGHTED, FURN/OPER

ITEMS #212/213 - SIGN, TYPE B, TEMP, PRISMATIC, FURN/OPER
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The completed work as measured for these items of work will be paid for at the Contract Unit Price for the
following Contract (Pay) Items:

PAY ITEM PAY UNIT
Barricade, Type IlII, High Intensity, Double Sided, Lighted, Furn Each
Barricade, Type IlII, High Intensity, Double Sided, Lighted, Oper Each
Channelizing Device, 42 inch, Furn Each
Channelizing Device, 42 inch, Oper Each
Lighted Arrow, Type C, Furn Square Foot
Lighted Arrow, Type C, Oper Square Foot
Plastic Drum, High Intensity, Lighted, Furn Each
Plastic Drum, High Intensity, Lighted, Oper Each
Sign, Type B, Temp, Prismatic, Furn Each
Sign, Type B, Temp, Prismatic, Oper Each
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DETAILED SPECIFICATION
FOR
ITEM #214 — “NO PARKING” SIGN
lofl

DESCRIPTION

This work shall consist of installing, maintaining and removing of "No Parking" signs and posts as outlined
herein and as referenced on the plans. "No Parking" signs shall be installed in accordance with the Public
Services Department Standard Specifications and the 2011 Michigan Manual of Uniform Traffic Control
Devices (MMUTCD).

MATERIAL

All materials for this work shall conform to the requirements of the Public Services Department Standard
Specifications.

CONSTRUCTION METHODS

Prior to the commencement of any construction activity, the Contractor shall place “No Parking” signs as
directed by the Engineer. The Contractor shall obtain a permit for “Temporary Permission of Reserve
Parking Lane for Work Related Purposes” from the City’s Project Management Services Unit. This permit
shall be obtained a minimum of 5 business days prior to the posting of “No Parking” signs.

The City will furnish "No Parking" signs to the Contractor at no cost. The Contractor shall furnish the
signposts and shall securely bolt the signs to the signposts as directed by the Engineer. The Contractor
shall install the signposts at least two feet deep into the ground, and there shall be a minimum of six feet
and maximum of seven feet of clearance maintained between the bottom of the sign and the ground. The
signs are to be placed at intervals no more than 150 feet and as necessary to eliminate parking in the
construction area.

The installation of "No Parking" signs shall be in accordance with the permit. "No Parking" signs shall be
installed by the Contractor, as directed by the Engineer, at least 48 hours prior to the proposed start-of-
work/enforcement date. "No Parking" signs shall be covered by the Contractor, thereby allowing on-street
parking, until between 48 and 24 hours prior to the start of the work. "No Parking" signs shall be covered
by the Contractor whenever there is no work being performed for a period of time longer than 72 hours.
"No Parking" signs shall be returned to the City upon the completion of work. The cost of unreturned signs
will be back charged to the Contractor.

MEASUREMENT AND PAYMENT

The unit price for this item of work shall include all labor, material, and equipment costs to perform all the
work specified in the Standard Specifications and as modified by this Detailed Specification.

PAY ITEM PAY UNIT
“No Parking” Sign Each

"No Parking" signs will be measured as the maximum number installed on each street at any one time. The
unit price includes the removal and return of "No Parking" signs to the City upon completion of the project.
The Contractor shall be back charged for the replacement costs for damaged or unreturned signs.
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DETAILED SPECIFICATION
FOR
CLEANING AND TELEVISING MANHOLES
1of2

DESCRIPTION

This work shall consist of the cleaning and video inspection of manholes, and providing the required
documentation as described herein. All work shall be performed in accordance with the City of Ann Arbor
(City) Standard Specifications, except as modified herein, and as directed by the Engineer.

The Contractor is responsible for inspecting all manholes and chambers as indicated on the Drawings in
accordance with NASSCO Manhole Assessment and Certification Program (MACP) Level 2 requirements.

SUBMITTALS

The cleaning and televising plan shall be submitted to the Engineer for review and approval in accordance
with Section 104.02 of the 2012 edition of the Michigan Department of Transportation Standard
Specifications for Construction. No work shall begin until all provisions and requirements have been
reviewed and accepted by the Engineer.

CONSTRUCTION

The Contractor shall carry out their operations in strict accordance with all Occupational Safety and Health
Administration (OSHA), Michigan Occupational Safety and Health Administration (MIOSHA), and
manufacturer's safety requirements.

Safety. — The Contractor shall be solely responsible for safety of all those involved with the work during
the performance of all work. The Contractor shall not enter into any sewer segment where hazardous
conditions may exist until such time as the source of those conditions is identified and eliminated by the
Contractor. The Contractor shall perform all work in accordance with the latest OSHA confined space
entry regulations. The Contractor shall coordinate their work with local fire, police, and emergency rescue
unit.

The Contractor shall be responsible for any damage to public or private property resulting from their
televising and cleaning activities and shall repair or otherwise make whole such damage at no cost to City
and owner of the property.

Manhole and Chamber Cleaning.- All sanitary manholes shall be cleaned to a degree sufficient to
perform the Level 2 MACP manhole inspection and as acceptable to the Engineer. The manhole structures
shall be cleaned below their invert elevations with a power vacuum, or other Engineer-approved method,
to remove all sediment to allow for the inspection of the bottom of the structures.

The Contractor shall assume the manholes require heavy cleaning with multiple passes to achieve a clean
manhole. Manhole cleaning shall be incidental to the sewer cleaning and no additional payment shall be
provided.

Manhole Inspection.- All sanitary manholes shall be Level 2 MACP inspected. The Level 2 MACP
inspections shall gather detailed information to fully document all defects, determine condition of the
manhole, and provide specific information needed to recommend corrective action. Level 2 MACP
inspection shall use the established defect coding system found in the PACP to the extent possible.
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DETAILED SPECIFICATION
FOR
CLEANING AND TELEVISING MANHOLES
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Documentation.- The Contractor shall use the City’s manhole numbering system on all project
documentation. The City will provide the Contractor with utility maps or Drawings showing the manhole
numbers.

The Contractor shall provide color photographs of all problem areas.

A color DVD and suitable log with voice and/or computer generated description for both pre- and
post-rehabilitation inspection shall be made by the Contractor and kept for later reference by the Engineer.

The Contractor shall supply the Engineer with two electronic copies of the entire and final televised

program, including PACP database, MACP database, video pipe recordings, reports on two separate flash
drives or portable hard drives.

MEASUREMENT AND PAYMENT

The completed work shall be paid for at the contract unit price for the following contract pay item:

PAY ITEM PAY UNIT
Level 2 MACP Inspect Manhole..........ooooiiiiiiiiiiii e Each

The unit prices for these items of work shall include all labor, material, and equipment costs to perform all
the work specified herein.
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DETAILED SPECIFICATION
FOR
CIPP SEWER LINING
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DESCRIPTION

This work shall consist of rehabilitating pipelines by the insertion of a resin impregnated flexible lining and
cured-in-place to form a pipe. The cured-in-place pipe (CIPP) shall be saturated with a thermosetting resin
and inserted into the existing pipeline. Curing shall be accomplished by circulating hot water only to harden
the resin into a hard impermeable pipe. When cured, the hardened CIPP shall be a tight fitting watertight
pipe within a pipe. The CIPP shall be continuous from manhole to manhole with no circumferential joints
or seams. Except as otherwise specified herein, all work shall be performed in accordance with the City of
Ann Arbor (City) Public Services Area Standard Specifications, and as directed by the Engineer.

For a CIPP system to be considered acceptable, the CIPP system must have at least two million lineal feet
of successful, documented installations, a minimum of 250,000 lineal feet of which shall have been in
Midwestern United States or Canada.

When requested by the Engineer, the Contractor shall submit test results from previous field installations
of the same resin system and tube materials as proposed for this installation. The test results must verify
that the CIPP physical properties specified in this Detailed Specification have been achieved in the field.

The lining operation shall not begin until the sewer has been cleaned and video inspected in accordance
with the Detailed Specification “Cleaning and Televising Sewer and Manholes” and authorization to begin

by the Engineer has been granted.

DESIGN CONSIDERATIONS

The required structural CIPP wall thickness shall be based, at a minimum, on the physical properties of the
cured composite and per the design of the Professional Engineer. The finished liner shall be designed per
ASTM F1216 Appendix X1 for the following condition:

Condition.......ccceeeevveerveerieeeieeenns Fully deteriorated gravity pipe

Safety Factor ........cccoccveveervennnnnns 2

OVality ..eeeeeieieeeeeeeesee e, As measured by Contractor during sewer inspection, assume 2% for
bidding purposes

Soil Density ......cccccvevveereervennnnnns 130 pounds per cubic foot (Ibs/cft)

Soil Modulus .......c.ccccvvveevieeinnns 700 pounds per square inch (psi) for pipe inverts up to and including
15 feet deep, 1,000 psi for pipe inverts greater than 15 feet deep

Groundwater Depth: ................... As field verified

Surcharge Loading .........ccccceueee. HS-20 (Highway) when any part of the sewer is under any major
street, county road, or state highway; E-80 (Railroad) when under any
railroad.
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DETAILED SPECIFICATION

The acceptable resin system values to be incorporated into the formula for liner thickness shall not be

greater than the following:

FOR

20f11

CIPP SEWER LINING

Table 1
Polyester E:)Icl)lll;:sctz(rl Vinyl Ester Epoxy
Short Term Flexural Modulus (psi) 300,000 400,000 250,000 300,000
Long Term Flexural Modulus (psi) 150,000 200,000 125,000 150,000
Creep Retention Factor 50% 50% 50% 50%
Flexural Strength (psi) 4,500 4,500 4,500 5,000

Where the requirements of this specification conflict with ASTMF 1216 or ASTM D5813 this Detailed
Specification shall govern.

The Contractor shall determine the liner thickness and resin quantity for this project per ASTM F1216,
Appendix X1. Liner thickness, resin, and resin quantity shall be furnished to the Engineer for review and
approval prior to beginning work. The design calculations for wall thickness shall be completed by a
Professional Engineer proficient in the design of pipeline systems, licensed in the State of Michigan, with
design calculations signed and sealed. The CIPP design shall assume no bonding to the original pipe wall.

The Contractor shall submit, prior to installation of the lining materials, certification of compliance with
these specifications. Certified material test results shall be included that confirm that all materials conform
to these specifications. Materials not complying with these requirements will be rejected.

For each submittal and re-submittal, the Contractor shall allow at least 14 calendar days from the date of
the submittal to receive the Engineer’s acceptance or request for revisions. The Engineer’s comments shall
be incorporated into the re-submitted plans, calculations, and descriptions. The Engineer’s acceptance of
the submittal is required before beginning the work. Re-submittals shall be reviewed and returned to the
General Contractor within 14 calendar days. Required revisions will not be a basis of payment for
additional compensation, extra work, or an extension of contract time. The Contractor shall include time
for this entire review process in their schedule.

MATERIAL

All materials shipped to the project site shall be accompanied by test reports certifying that the material
conforms to the ASTM standards listed herein. Materials shall be shipped, stored, and handled in a manner
consistent with written recommendations of the CIPP system manufacturer to avoid damage. Onsite storage
locations shall be as indicated on the Drawings and approved by the Engineer.

Preliner Tube.- The preliner shall be a polyethylene material compatible with the lining system, and shall
be utilized where necessary to accommodate infiltration, damaged, or missing pipe.

Felt Liner Tube.- The tube shall consist of one or more layers of absorbent, flexible, non-woven felt
material. The tube shall be capable of carrying the specified resin, constructed to be able to withstand
installation pressures and curing temperatures, have sufficient strength to bridge missing pipe and stretch
to fit irregular pipe sections at all pipe locations, and be compatible with the resin used.
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The outer tube coating shall consist of an impermeable, flexible membrane that contains the resin and allows
for visual inspection and verification of proper resin impregnation (“wet-out”) procedure. The coating shall
hold the resin inside the tube without leakage, accommodate installation, and stretch to the size and shape
of the existing sewer, and shall not delaminate before, during, or after curing.

The tube shall have a uniform thickness that when compressed at installation pressures will meet, or exceed,
the design thickness. The thickness of the tube shall be calculated based upon the resin system values given
in this Detailed Specification.

The CIPP wall thickness shall be calculated from the equation in ASTM F1216, Appendix X1, based upon
the parameters given in this Detailed Specification. The minimum CIPP wall thickness shall be not less
than the value calculated by that equation. Any layers of tube that are not saturated with resin and capable
of being cured shall not be deemed to have been included in the calculated CIPP wall thickness.

The tube shall be fabricated to a size and length that when installed will fit sufficiently tight within the
existing pipe so as to not leak at manholes, at service connections, or through the wall of the installed pipe.
The tube shall be properly sized to the diameter of the existing pipe and the length to be rehabilitated and
be able to stretch to fit irregular pipe sections and negotiate bends. The Contractor shall determine the
minimum tube length necessary to effectively span the designated run between manholes. The Contractor
shall verify the lengths in the field prior to impregnation of the tube with resin, to ensure that the tube will
have sufficient length to extend the entire length of the run. The Contractor shall also measure the inside
diameter of the existing pipelines in the field prior to ordering liner so the liner can be installed in a
tight-fitted condition. Allowance for circumferential stretching of the tube during insertion shall be made
as per manufacturer's recommendations. Overlapped layers of felt in the longitudinal seam that cause lumps
in the final product shall not be utilized

The tube shall be homogeneous across the entire wall thickness containing no intermediate or encapsulated
elastomeric layers. No material shall be included in the tube that may cause delamination in the cured
CIPP. No dry or unsaturated layers shall be evident.

The wall color of the interior pipe surface of the CIPP after installation shall be a light reflective color so
that a clear detail examination with closed circuit television inspection equipment may be made. The hue
shall be dark enough to distinguish a contrast between the fully resin saturated felt fabric and dry or resin
lean areas.

Seams in the tube shall be stronger than the unseamed felt and shall meet the requirements of ASTM D5813.
Where the length of the tube to be installed requires joining along the circumference of the tube, the sewn
joint shall not be perpendicular to the long axis but spirally formed and sewn.

The outside of the tube shall be marked for distance at regular intervals along its entire length, not to exceed
5 feet. Such markings shall include the manufacturers name or identifying symbol. The tubes must be
manufactured in the USA.

The length of the tube shall be that deemed necessary by the Contractor to effectively carry out the insertion
and seal the pipe at the inlet and outlet points, plus that amount required to run-in and run-out for the
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installation process. The Contractor shall verify the lengths in the field before cutting the tube to length.
Lengths of sewer shall be lined over one or more access points as shown on the Drawings.

Resin.- Resin shall be a polyester, enhanced polyester, vinyl ester, or epoxy system including all required
catalysts, initiators, or hardeners that when cured within the tube creates a composite that satisfies the
requirements of ASTM F1216 and ASTM F1743, the physical properties herein, and those which are to be
utilized in the design of the CIPP for this project. Resin selected shall be resistant to the chemical
composition of the sewage and comply with the structural requirements of this specification.

Resin selected shall be Styrene-Free.

The resin shall be thermosetting resin that is compatible with the lining process and shall meet the
requirements of ASTM F1216 except as otherwise specified in this Detailed Specification. The resin shall
be able to cure in water with an initiation temperature for cure as required by the liner manufacturer, but
not greater than maximum temperatures required under ASTM F1216. The cured resin/felt system shall be
suitable for the expected conditions within the existing sanitary sewer.

The Contractor is responsible for choosing a resin system that is capable of meeting the physical and cured-
in-place properties and performance requirements as detailed in this specification.

Field Cured Line.- The completed liner as installed and fully cured-in-place shall meet the minimum
physical properties for short term flexural modulus and flexural strength as shown in Table 1.

Remote Temperature Sensing Devices-. Fiber optic probes shall be installed to monitor the average
temperature along the entire length of the tube as it cures. Devices shall be provided by VeriCure or an
Engineer-approved equal.

CONSTRUCTION METHODS

The Contractor shall carry out their operations in strict accordance with all Occupational Safety and Health
Administration (OSHA), Michigan Occupational Safety and Health Administration (MIOSHA), and
manufacturer's safety requirements. The Contractor shall be solely responsible for safety during the
performance of all work. The Contractor shall not enter into any sewer segment where hazardous conditions
may exist until such time as the source of those conditions is identified and eliminated by the Contractor
and/or the City. The Contractor shall coordinate their work with local fire, police, and emergency rescue
unit.

The Contractor shall be responsible for any damage to public or private property resulting from their sewer
lining or televising activities and shall repair or otherwise make whole such damage at no cost to the City.

Bypassing Flow — The Contractor shall provide un-interrupted sewerage service at all times and to prevent
sewage overflows.

It is the intent of this project to divert upstream sanitary sewer flow within the work zone to other City of
Ann Arbor (City) sanitary sewers by installing plugs in the sewer system. The flows from the various
laterals to the smaller diameter sewers connected to the sanitary sewer in the work zone shall be bypass
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pumped to a manhole either upstream of the plugs or downstream of the work zone. The design, installation,
and operation of the temporary sewer flow control system shall be the Contractor’s sole responsibility.

The Contractor shall manage, plan, and execute their operations such that there will be no backups, leaks,
or unauthorized discharges of sewerage. The Contractor shall be completely responsible for the proper
clean-up and any environmental remediation as may be required by the City and the Michigan Department
of Environmental Quality (MDEQ) for any backup, leak, spill, or sanitary sewerage overflow.

The Contractor shall provide a detailed Sewer Flow Control Plan to the Engineer for review and acceptance
prior to the start of any flow control work. The Contractor shall allow at least 14 calendar days from the
date of the submittal to receive the Engineer’s acceptance or request for revisions. This plan must include
descriptions outlining all provisions and precautions to be taken by the Contractor regarding the handling
of existing flow. The Sewer Flow Control Plan must be specific, including such items as schedules,
locations, elevations, capacities of the equipment, materials, and all other incidental items necessary and/or
required to ensure proper protection of the facilities, including protection of existing structures and pipes,
and compliance with the requirements and conditions specified in these Contract Documents. No
construction shall begin until all provisions and requirements have been reviewed and accepted by the
Engineer.

The Contractor shall provide materials and equipment suitable for, and known to be reliable to meet, the
flow diversion requirements as needed for the Contractor’s operations.

The plug shall be a temporary plug that allows for quick removal in case of emergency or wet weather
situation and re-installation after wet weather event has passed. Plugs shall be capable of withstanding
minimum static head pressure of 15 feet. Plugs shall include form or bracing, anchoring, or restraint to
keep plugs properly installed. Plugs should be of the type capable of being installed under live flow
conditions and in depths exceeding 35 feet as shown on the Drawings. Plugs should be able to be installed
in either the incoming or outgoing pipe in a manhole and allow for quick removal under surcharged
conditions.

Pressure gages shall be installed with the plugs to continuously monitor the plugs and adjust the air pressure
as needed to maintain full blockage of flow.

The Contractor shall provide materials and equipment suitable for, and known to be reliable to meet, the
bypass pumping requirements. The pumps must be capable of passing a minimum of a 3-inch solid. All
pumps must be constructed to allow dry running for long periods of time to accommodate the cyclical
nature of effluent flows. Equipment used for bypass pumping shall be sufficient to handle anticipated
average and peak flows from each sewer. The Contractor shall maintain sanitary sewer flows within their
bypass pumping system, including all wet weather flows. The Contractor is to arrange for and provide all
necessary temporary power, electrical service, board switches, etc. as required by DTE Energy and the
National Electrical Code (NEC) current edition to provide temporary bypass pumping.

The Contractor shall take into account seasonal variations and include a safety factor above the indicated
peak flow values in sizing pumping equipment.

For sanitary sewerage, bypass piping shall be PVC Schedule 80, or equivalent, with solvent welded joints;
or HDPE with butt fused joints. The Contractor shall perform hydrostatic testing of bypass pump discharge
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pipes in accordance with ASTM F2164 for HDPE or ASTM F2261 for PVC pipe, prior to operating bypass
pumping system to ensure structural integrity of pipeline. Any defects or leaks found during testing shall
be repaired and the pipeline shall be re-tested until results are satisfactory in accordance with the ASTM
standard, and as acceptable to the Engineer. All bypass pumping discharge pipes shall be protected from
the pipe header to the discharge structure. The Contractor shall provide necessary fittings or deflection in
pipe to route pipe as necessary to minimize environmental impact and conflict with pedestrian, construction,
and emergency vehicle traffic

The Contractor shall provide an adequate labor force and have designated personnel onsite for maintenance
and operation, and emergency back-up service, of the bypass pumping facility 24 hours per day 7 days per
week during bypass operations.

When a wet weather event occurs, the Contractor shall cease all operations in the sewer system and remove
all plugs. The plugs shall be removed as not to cause a surge downstream. It is the Contractor’s
responsibility to monitor the weather and verify weather conditions prior to the start of any work that could
have an impact on the capacity of the affected sewers. Any damage to the Contractor’s equipment, sewer
system, or delays to Contractor’s operations due to wet weather conditions shall be the Contractor’s sole
responsibility and no additional payment shall be provided.

All noise generated by the bypass pumping operation shall not exceed the sound limits, and shall follow
necessary procedures as required for temporary exemptions, as defined in Detailed Specification “Hours of
Work.”

Cleaning of Pipelines.- Prior to rehabilitation of any sewer, it shall be the responsibility of the Contractor
to remove all internal deposits from the pipeline. Each sewer section shall be cleaned to a degree sufficient
to allow video inspection and cured-in-place pipe (CIPP) lining to be completed in accordance with this
specification. The Contractor shall take precautions to protect the sewer lines from damage. The Contractor
shall assume the sewer will require heavy cleaning with unlimited passes to achieve a clean sewer and that
rodding and root cutting shall be required and are included in the contract pay item.

The Contractor must adhere to the requirements of ASTM F1216 or ASTM F1606 for the following types
of cleaning: hydraulic cleaning, high velocity hydro-cleaning, and mechanical cleaning.

Remove dirt, grease, rocks, sand, roots, and other solid or semisolid materials and obstructions from the
sewer line and manholes. Cleaning shall be of the entire reach between manholes and/or chambers.

It shall be the responsibility of the Contractor to clear the line of obstructions such as solids, dropped joints,
debris from collapsed pipe, sediment deposits, mineral deposits, stalactites, and all major blockages that
would prevent sewer rehabilitation work to be performed at no additional cost to the project.

The sewers shall be cleaned by using a high pressure water cleaning machine with minimum capability of
5,000 pounds per square inch (psi) at 80 gallons per minute (gpm). A high pressure hose with a jet nozzle
shall be introduced into the sewer so that a spray shall scour and clean the sewer line without applying
internal pressure and damaging the pipe. This will require an unlimited amount of passes of the jet nozzle,
or other cleaning measures to remove all debris. The hose shall be self-propelled by a minimum water
pressure of 1,000 psi. Cleaning pressures to 5,000 psi may be required to remove heavy tuberculation and
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adhered debris from the pipe interior. The jet nozzle hose, upon withdrawal, will scour the pipe (invert,
walls, and crown), flushing all materials into the downstream manhole for removal.

Material removal shall be performed at the identified-for-access manholes for the cleaning operation. At
no time during cleaning shall material be allowed to enter or flow in the sewer past the downstream access
manhole. Passing material from manhole section to manhole section shall not be permitted.

Waste material removed from the sanitary sewer system shall be disposed of by the Contractor at his
expense.

Mechanical root cutting shall be performed with powered equipment. The Contractor shall furnish suitable
power machinery which shall be used to remove tree roots and deposits remaining after jet cleaning that
prevent passage of television inspection equipment or prevent the lining of the sewer.

Sewer Television Inspection.- The initial “pre-rehabilitation” television inspection of the sewers pipes
shall be conducted within a week of the cleaning of each segment as long as the flow diversion and lateral
bypass pumping system has remained in operation. Should the flow diversion have been temporarily
suspended between the cleaning and the televising, or between the initial televising and the lining, then
both the cleaning and televising shall be repeated at no additional cost to the project. The Contractor shall
provide digital video on DVD, flash drive, or hard drive that verify that the sewer is clean and free of
sediment and debris to the satisfaction of the Engineer. If any sewer is not satisfactorily cleaned, it shall be
promptly cleaned and re-inspected by closed-circuit television camera and video provided to the Engineer
for review and approval.

The camera must be operative in 100% relative humidity conditions. The live image obtained by the camera
shall be transmitted to a color monitor of not less than 19 inches. The camera and monitor shall have a
minimum 500 line resolution. The monitor shall be located inside the mobile recording studio.

Lighting for the camera shall be adequate to allow a clear picture of the entire periphery of the sewer and
shall be varied as required to be effective for all pipe diameters inspected. Remote control of lighting
brilliance, camera focus, and camera movement shall be from a control panel inside the mobile recording
studio. Cables and equipment used to propel the camera shall not obstruct the camera view or interfere
with the documentation of the sewer conditions.

The camera shall be moved through the sewer line at a uniform rate, maximum 30 feet per minute.
Whenever possible, the camera shall move in an upstream direction. The camera shall be stopped for no
less than 10 seconds at the manhole entrances, each service lateral, exit manholes, and at all points where
the sewer is damaged or deficient. The camera shall pan and tilt to provide full view of each service lateral,
and at all points where the sewer is damaged or deficient.

If the camera fails to pass through a pipe section, the Contractor shall re-set the equipment and attempt to
perform the inspection coming back from the next upstream, identified-for-access, and manhole. If the
inspection cannot be completed from the next manhole, the inspection shall be considered complete and the
Engineer will provide written instructions to the Contractor describing how to proceed with the work in
that reach of sewer.
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Line Obstructions/Repairs.- It shall be the responsibility of the Contractor to clear the line of obstructions
such as solids, dropped joints, protruding branch connections or broken pipe that will prevent proper
insertion of the liner. If the pre-design video inspection reveals an obstruction that cannot be removed by
conventional cleaning equipment, then the obstruction shall be removed by equipment operating within the
pipeline.

Services which protrude more than 3/4 inch into the sewer lines shall be ground down as flush as possible
with the wall of the sanitary sewer. Grinding shall be done with equipment operating inside of the sewer
and shall not cause damage to the sewer or the service being ground.

If the protruding service is in such condition that grinding is not possible or if the condition of the sewer is
such that repairs cannot be performed from inside the sewer then the Contractor shall make a spot repair
excavation, to uncover and remove or repair the obstruction. Such excavation shall be approved in writing
by the Engineer prior to the commencement of the work.

If the pre-design video inspection reveals areas that require excavation, removal, spot repair, or grinding,
then these excavations, removals, spot repairs, and grinding shall be included in the Contractor’s bid. Such
excavations, removals, spot repairs, and grinding shall only be paid for separately when the condition of
the sanitary sewer has deteriorated to the point of making an excavation, removal, repair, and grinding
necessary, since the pre-design video inspection.

Pre-Rehabilitation Inspection of Pipelines.- Inspection of pipelines shall be performed after the pipe has
been cleaned, by experienced personnel trained in locating breaks, obstacles, and service connections by
closed circuit television.

The interior of the pipeline shall be carefully inspected to determine the location and extent of any structural
failures. The location of any conditions which may prevent proper installation of lining materials into the
pipelines shall be noted so these conditions can be corrected as specified in this Detailed Specification and
Detailed Specification “Cleaning and Televising Sewer, Manholes, and Chambers”.

Installation of Resin Impregnated Tube.- The Contractor shall designate a location where the uncured
resin in the original containers and the unimpregnated liner will be resin impregnated prior to installation.
The Contractor shall allow the Engineer to inspect the materials and procedure. A resin and catalyst system
compatible with the requirements of this Detailed Specification shall be used. The quantities of the liquid
thermosetting materials shall be provided in accordance with manufacturer's standards to provide the cured
liner properties specified. Sufficient resin shall be used to fill the volume of air voids in the liner with
additional allowance for polymerization, shrinkage, and loss of resin through cracks and irregularities in
host pipe wall. The Contractor shall ensure the proper amount of resin is uniformly distributed throughout
the entire length of the tube.

The wetting out, installation, and curing of the resin impregnated tube shall be in accordance with ASTM
F1216 and per manufacturer’s specifications. The tube shall be inserted through existing opening by means
of an inversion process, the application of a hydrostatic head sufficient to fully extend the liner to the next
designated access point, or other means as approved by the Engineer.

The process will be adjusted as necessary to ensure a complete lining without over-stressing or tearing the
lining, with sufficient pressure to hold the liner snug to the pipe wall, and to produce dimples at side
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connections and flared ends at the entrance and exit access points. The use of a lubricant is recommended
and if used, such lubricant shall be compatible with the rehabilitation process.

The manufacturer's standards shall be closely followed during the elevated curing temperature so as not to
over-stress the felt fiber and cause damage or failure of the liner prior to cure.

Curing.- Hot water is required for full length liners. After installation of the resin impregnated liner is
completed, the Contractor shall supply a suitable heat source and water recirculation equipment as
necessary to cure the liner. The equipment shall be capable of delivering hot water to the far end of the
liner through a hose, which has been perforated per manufacturer's recommendations, to uniformly raise
the water temperature in the entire pipe above the temperature required to affect a cure of the resin. This
temperature shall be determined by the resin/catalyst system employed.

For quality control during the CIPP lining operation, the Contractor shall utilize remote temperature sensing
devices placed between the host pipe and the liner to continuously monitor the liner cure incrementally

every 18 inches or less to verify that an exothermic reaction has occurred and that a full cure has taken
place along the full length of the CIPP liner. Measuring temperatures at the liner endpoints only will not
be permitted. The cure information must be taken from the bottom third of the pipe liner. Cure parameter
information shall be provided by the resin manufacturer.

Liner and/or host pipe interface temperature shall be monitored and logged during curing of the liner. The
monitoring system must have the ability to be remotely viewed live by the Engineer. Data collected shall
be provided to the Engineer in Excel spreadsheet and graphical viewer formats at the same time as the
post-lining inspection videos are provided.

Initial cure shall be deemed to be completed when the remote sensing devices reflect that the cure
temperature, as recommended by the resin/catalyst system manufacturer, have been achieved. The cure
period shall be of a duration recommended by the resin manufacturer, as modified for site-specific
conditions, during which time the recirculation of the water and cycling of the heat exchanger to maintain
the temperature in the liner continues.

Cool-Down.-The Contractor shall cool the CIPP in accordance with the CIPP manufacturer’s
recommendations, to a temperature below 100°F before relieving the static head in the liner. Temperatures
and curing data shall be monitored and recorded by the Contractor throughout the installation process to
ensure that each phase of the process is achieved in accordance with the CIPP manufacturer’s
recommendations. Cool-down may be accomplished by the introduction of cool water into the liner to
replace water being drained from the downstream end. Care shall be taken in the release of the static head
such that a vacuum will not be developed that could damage the newly installed liner. The cooled water
shall be released to the existing sanitary sewer at a rate that is approved by the Engineer and the City of
Ann Arbor’s Waste Water Treatment Plant (WWTP) superintendent.

Finish.- The cured liner shall be continuous over the entire length of an insertion run and be as free as
commercially practicable from visual defects such as foreign inclusions, dry spots, pinholes, and
delamination. The lining shall be impervious and free of any leakage.
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Any defects which will affect the integrity of the liner, or any deficiencies in required strengths or
thicknesses, shall be repaired or removed and replaced at the Contractor’s expense, in a manner acceptable
to the Engineer.

Sealing Liner at the Ends.- A seal, consisting of a hydrophilic sealing gasket compatible with the installed
CIPP, shall be installed at each manhole/pipe wall interface. The seal shall be a seamless molded tubular
design that swells in the presence of water. The seal shall be secured in place by a retaining ring.

Branch or Service Connections

After the liner has been cured, the Contractor shall reconnect the existing service connections. This shall
generally be done without excavation and in the case of non-man entry pipes, from the interior of the
pipeline by means of a television camera and a cutting device that re-establishes them to operational
capacity.

Reconnection of services shall begin immediately after curing of the CIPP has been completed. No service
shall be interrupted for more than 12 hours unless otherwise approved by the Engineer.

Post-Rehabilitation Television Inspection.- The completed sewer shall be television inspected and color
videotaped, by the Contractor, in accordance with Detailed Specification “Cleaning and Televising Sewer
and Manholes” No payment shall be provided for post rehabilitation television inspection.

Acceptance Tests.- The Engineer shall perform Acceptance Testing in accordance with ASTM F1216
(including appendices) and ASTM D5813.

The Contractor shall prepare plate test samples to be cured with the CIPP operation. The Contractor shall
capture and prepare sample specimens of the liner for the Acceptance Testing to be performed by the
Engineer for each section of sewer lined in accordance with Section 8 of ASTM F1216 for testing flexural
strength and delamination. The Contractor shall prepare the samples for shipment to the laboratory,
including cutting samples to proper length and width as described in the applicable ASTM test procedures.
Samples shall be labeled for date, diameter, section of sewer, and delivered to the Engineer for testing. The
cost of the sample postage, shipping, and testing will be paid for by the City. When tested, each sample
shall meet the physical properties for flexural modulus and flexural strength used in the design calculations.

Air testing on isolated sections of sewer (minimum of 2 to 3 feet in length) shall be required if
post-rehabilitation inspection indicates leaks in the liner. Air testing shall be performed on longer sections
or multiple sections of sewer as required to identify the location(s) and full extent of defects. Such testing
shall be performed by the Contractor at no additional expense to the project.

CIPP wall thickness shall be verified in accordance with Section 8.6 of ASTM F1216 and using test
methods consistent with Section 8.1.2 of ASTM D5813.

Should the test results indicate that the liner fails to meet the required physical properties as specified herein,
the work shall be rejected. The Contractor shall remove and replace or repair any defects in the installed
liner to the satisfaction of the Engineer at no additional cost to the project. Contract time will continue
during the period of time from the receipt of failing test results to the completion of the repairs.
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Clean-Up.- Upon completion of the installation work and after required testing indicates the linings are
acceptable, the Contractor shall restore the project area affected by their operation in accordance with
Detailed Specification “Project Clean-Up and Restoration, Special.”

Traffic Control.- During the entire rehabilitation process, the Contractor shall provide all necessary
barricades, signs, traffic regulators (flaggers), minor traffic devices, etc., to maintain both vehicular and
pedestrian traffic in accordance with the Michigan Manual of Uniform Traffic Control Devices, as shown
on the Drawings, and in accordance with Detailed Specification “Maintenance of Traffic.”

Warranty.- The materials used for the project shall be certified by the manufacturer for the specified
purpose. The Contractor shall warrant the liner material and installation for a period of 2 years. During
the Contractor warranty period, any defect which may materially affect the integrity, strength, function,
and/or operation of the pipe, shall be repaired at the Contractor’s expense in accordance with procedures
described in this Detailed Specification, Section d.15, “Liner Repair/Replacement,” and as recommended
by the manufacturer.

The Contractor shall conduct warranty CCTV inspection of sewers which were lined. This work shall be
completed at the Contractor’s expense, no sooner than 2 months prior to the expiration of the original
warranty period. The televising shall be performed in the presence of the Engineer. Television inspection
that is not performed within the presence of the Engineer will not be accepted and shall be performed again
at the Contractor’s sole expense. Any areas that do not meet the requirements of this Detailed Specification
will be repaired or re-lined at no additional cost to the City.

MEASUREMENT AND PAYMENT

The completed work as measured for this item of work will be paid for at the contract unit price for the
following contract item:

Pay Item Pay Unit
inch Diameter CIPP Sewer Lining..................ocoociiiiiiiiine. Lineal Foot

Rehabilitation of sanitary sewer will be paid for at the contract unit price per lineal foot. The contract unit
price paid shall be payment in full for all labor, material, and equipment required for rehabilitation of
existing sanitary sewers by insertion of a CIPP liner and shall include, but is not limited to; furnishing,
transporting, preparing, and installing the structural pipe liner and CIPP end seals; furnishing and installing
remote temperature sensing devices used during the liner curing process; reconnecting existing sewers or
leads; performing any needed liner repairs; gaining access to work site; removal and replacement of site
improvements; post-lining sewer televising; all required warranty work; and all other work and items
necessary to complete the work as detailed within this Detailed Specification.
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DESCRIPTION

This work shall consist of removing concrete curb, gutter, curb and gutter, integral curb, concrete pavement,
sidewalk, sidewalk ramps, drive openings, and drive approach pavements as shown on the plans, as detailed
in the Specifications, and as directed by the Engineer, in accordance with Section 204 of the Michigan
Department of Transportation (MDOT) 2012 Standard Specifications for Construction, except as specified
herein, and as directed by the Engineer.

CONSTRUCTION METHODS

Curb, gutter, curb and gutter, sidewalk, sidewalk ramps, drive openings, and drives shall be replaced within
24 hours of their removal.

The Contractor shall remove concrete curb, gutter, curb & gutter, integral curb, pavement, sidewalk,
sidewalk ramps, drive openings, and drives, all regardless of the type and thickness, and all as shown on
the Plans, as detailed in the Specifications, and as directed by the Engineer.

Prior to the start of removals, the Engineer and Contractor together shall field measure all removals. The
Engineer shall approve of all removal limits prior to any removals being performed by the Contractor.

The Contractor shall perform full-depth saw cutting at removal limits, including those necessary to
construct 2-foot wide MDOT Type M drive openings, and including those necessary to provide for the
partial removal of existing drive approaches as shown on the Plans, as directed by the Engineer, and as
marked for removal. The Contractor shall cut steel reinforcement bars as directed by the Engineer at all
areas of removal. All saw cutting shall be performed under wet conditions to prevent excessive airborne
dust. All resulting slurry and debris shall be cleaned up the satisfaction of the Engineer.

The Contractor shall remove, salvage, and deliver to any location within the City limits, or to any City-
owned property, and neatly stack/stockpile all bricks, if present, as directed by the Engineer.

The Contractor shall excavate, cut, remove stumps, remove brush, grade, and trim as needed and as directed,
and shall import, furnish, fill, place, grade, and compact granular material as needed to: construct new
concrete items; to repair or replace existing concrete items; to relocate existing concrete items to their new
specified/directed elevations/locations, including all necessary grading at elevation changes of curb and
gutter, sidewalks and ramps; and at locations where existing concrete items are to be removed and turf is
to be established in its place.

The Contractor shall coordinate with the City Forester prior to the removal of any tree roots.

At various times throughout the work, the Engineer may direct the Contractor to use smaller and/or lighter
equipment, and to defer certain work tasks, in order to protect the grade and/or adjacent areas. The
Contractor shall not be entitled to any additional compensation for the use of smaller equipment, lighter
equipment, or work task deferral.
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The Contractor shall re-shape, re-grade, and re-compact the existing roadbed materials to the cross-
section(s) as indicated on the Plans, as detailed in the Specifications, and as directed by the Engineer.

The Contractor shall use blade graders, maintainers, vibratory rollers, and/or other equipment as necessary,
and as directed by the Engineer. The use of each specific piece of equipment is subject to the approval of
the Engineer.

The Engineer may direct aggregate base materials to be either removed from or added to the job-site, to
properly complete the work. Where the Engineer directs the addition of such materials, they shall be paid
for as either the Item of Work: “Aggregate Base”. Where the Engineer directs such materials to be removed,
they will not be paid for separately, but shall be included in the appropriate concrete removal item.

Concrete pavement removals shall be performed in accordance with the MDOT 2012 Standard
Specifications, Section 603.03.B.1.b, Removing Pavement (Repair), except as modified herein. The item
of work “Remove Concrete Pavement (Repair) - Any Thickness” refers to the removal of existing concrete
pavement and concrete pavement base within the width of the street (i.e. edge-of-metal to edge-of-metal).
Concrete removal outside the edge-of-metal shall be paid for as the appropriate item of either “Remove
Concrete Curb or Curb & Gutter - Any Type, Modified”, or “Remove Concrete Sidewalk, Ramp and Drives
- Any Thickness, Modified”.

Where existing concrete curb or curb & gutter is to be replaced on a street with a concrete (or brick) base,
the Engineer may direct the Contractor to remove a 1-to-2-foot wide, full-depth section of pavement and
pavement base from immediately in front of the curb & gutter. As part of this pavement/base removal, the
Contractor shall perform additional (double) full-depth saw-cutting along the entire removal limits, and
shall take sufficient care so as not to damage and/or disturb any adjacent pavement, pavement base, and/or
any other site feature, all as directed by the Engineer. The removals shall be to a sufficient width and depth
to allow for the placement and removal of the curb & gutter formwork. After the removal of the formwork,
the Contractor shall replace the concrete base to its original thickness and elevation(s).

The Contractor shall remove composite pavement (HMA pavement overlaid on concrete/brick pavement
or concrete/brick pavement base) of any thickness(es) as directed by the Engineer. This work shall be paid
for as “Remove Concrete Pavement (Repair) - Any Thickness”. The work of removing HMA pavement
overlays where concrete/brick pavement or concrete/ brick pavement base is to be removed will not be paid
for separately.

Excavated/removal areas shall be adequately protected with barricades or fencing at all times.
Removed or excavated materials which are not incorporated into the work shall become the property of the
Contractor and shall be immediately removed and properly disposed of off-site. Removed or excavated

materials may not be stockpiled overnight on, or adjacent to, the site.

Subbase or subgrade removed without authorization by the Engineer shall be replaced and compacted by
the Contractor at the Contractor's expense, with materials specified by the Engineer.
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MEASUREMENT AND PAYMENT

Sidewalk ramp removal shall be measured and paid for as “Remove Concrete Sidewalk, Ramp and Drives
- Any Thickness, Modified”.

Integral curb and gutter that is removed as part of “Remove Concrete Pavement (Repair)” shall be measured
and paid for by the square yard, along with the pavement removal quantity.

All sawcutting required for removals shall be included in the appropriate item of work, and will not be paid
for separately. Payment for saw cutting to create or modify Type M openings and to allow for the partial
removal of existing drives shall be included in the price of the item of work, “Remove Concrete Sidewalk,
Ramp and Drives - Any Thickness, Modified”, and will not be paid for separately.

Concrete removal items shall be field measured and paid for at the Contract Unit Prices for their respective
Contract (Pay) Items as follows:

PAY ITEM PAY UNIT
Remove Concrete Curb or Curb & Gutter - Any Type, Modified Lineal Foot
Remove Concrete Sidewalk, Ramp and Drives - Any Thickness , Square Foot
Modified

The unit prices for these items of work shall include all labor, material, and equipment costs to perform all
the work specified in the Standard Specifications and as modified by this Detailed Specification.
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DESCRIPTION

This work consists constructing an aggregate base course on a surface approved by the Engineer. Work will be performed
in accordance with Section 302 of the Michigan Department of Transportation (MDOT) 2012 Standard Specifications for
Construction, and as directed by the Engineer.

MATERIALS

Aggregate Base material will be Dense-Graded Aggregate 21 AA in accordance with that specified in Section 902 of the
MDOT 2012 Standard Specifications for Construction.

CONSTRUCTION METHODS

Aggregate Base will be constructed in accordance with Section 302.03 of the MDOT 2012 Standard Specifications for
Construction, and as directed by the Engineer.

MEASUREMENT AND PAYMENT

The completed work will be paid for at the contract unit price for the following contract item (pay item).
PAY ITEM PAY UNIT
Aggregate Base Ton

Aggregate Base will be measured by the unit ton in accordance with Section 302.04 of the MDOT 2012 Standard
Specifications for Construction, and as directed by the Engineer, and will be paid for at the unit price per ton. The unit
price for this contract item includes all labor, material, and equipment costs required to perform the work.
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DESCRIPTION

This work consists of filling holes, depressions, joints, cracks, voids, and opens cut areas in HMA pavements. Work will
be performed in accordance with Section 501 of the Michigan Department of Transportation (MDOT) 2012 Standard
Specifications for Construction, and as directed by the Engineer.

MATERIALS

Materials will be in accordance with those specified in Section 501 of the MDOT 2012 Standard Specifications for
Construction, and as directed by the Engineer.

CONSTRUCTION METHODS

Hand Patching will be constructed in accordance with Section 501 of the MDOT 2012 Standard Specifications for
Construction, and as directed by the Engineer.

MEASUREMENT AND PAYMENT

The completed work will be paid for at the contract unit price for the following contract item (pay item).
PAY ITEM PAY UNIT
Hand Patching Ton

Hand Patching will be measured by the unit ton and will be paid for at the unit price per ton. The unit price for
this contract item includes all labor, material, and equipment costs required to place the HMA, by hand or other
methods, and compact the material.
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DESCRIPTION

This work shall consist of constructing concrete items including curb, gutter, curb and gutter, sidewalks, drive approaches,
and drive openings, all of any type and/or dimensions, all of either regular, fiber mesh reinforced, and/or high-carly concrete,
in accordance with Sections 801, 802, and 803 of the Michigan Department of Transportation (MDOT) 2012 Standard
Specifications for Construction, except as specified herein, as shown on the Plans, as described in this Detailed
Specification, and as directed by the Engineer.

The Contractor is responsible to construct all sidewalks, sidewalk ramps, curbs, and all other concrete items within
ADAAG compliance. All sidewalks and curb ramps must be constructed in accordance with MDOT Standard Plan R-28-
H or version of standard plan/detail in place at time of the bid letting if different.

In addition, all concrete items of work shall comply with the Detailed Specifications for Concrete Durability and Concrete
Placement and Protection.

MATERIALS

Concrete mixtures shall be as follows (or as directed by the Engineer), and concrete materials shall meet the requirements
specified in the referenced sections of the MDOT Standard Specifications for Construction:

Item Description Concrete Mixture MDOT Section
Concrete Curb or Curb & Gutter — Any Type P1, S2 601, 701

4" Concrete Sidewalk, Modified P1,P2,S2,S3 601, 701

6" Concrete Sidewalk, Ramp, Drive Approach, Modified P1,P2,S2,S3 601, 701

6" Concrete Sidewalk, Ramp, Drive Approach, High-Early P-NC 601
Concrete Type M Drive Opening, High-Early P-NC 601

CONSTRUCTION METHODS

General
Curb, gutter, curb and gutter, sidewalk, sidewalk ramps, drive openings, and drives shall be replaced the same day they
are removed.

Concrete items, including sidewalk, non-integral curb/gutter, drives, and structure adjustments shall be completed prior to
the placement of pavement.

All subgrade work shall be completed prior to placing concrete items, unless directed or approved by the Engineer.

DETAILED SPECIFICATION
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The subbase shall be trimmed to final elevation before placing curb. Curb shall not be placed on a pedestal or mound.

The Contractor shall excavate, cut, remove stumps, remove brush, remove pavement, grade, and trim as needed and as
directed, and shall import, furnish, fill, place, grade, and compact Class II granular material and 21 AA Aggregate material
as needed to: construct new concrete items; to repair or replace existing concrete items; to relocate existing concrete items
to their new specified/directed elevations/locations, including all necessary grading at elevation changes of curb and
gutter, sidewalks and ramps; and at locations where existing concrete items are to be removed and turf is to be established
in its place.

At locations where the subgrade, subbase or base becomes either disturbed, saturated or otherwise damaged, and where
directed by the Engineer, the Contractor shall remove a minimum 6-inch thick layer of the subgrade, subbase or base, and
replace it with approved 21AA Aggregate material, compacted in place.

The Contractor shall coordinate with the City Forester prior to the removal of any tree roots.

The Contractor is responsible for any damage to concrete items, including but not limited to vandalism; vehicular, pedestrian
and/or miscellaneous structural damage; surface texture damage; and rain damage.

The Contractor shall maintain on-site at all times, a sufficient quantity of adequate materials to protect concrete items. The
Engineer may suspend or defer concrete placement if rain protection is not available. The Contractor shall not be entitled
to any additional compensation due to work suspension or deferral resulting from a lack of adequate rain protection.

The Contractor shall perform full-depth saw cutting at removal limits, including those necessary to construct 2-foot wide
Type M drive openings, and including those necessary to provide for the partial removal of existing drive approaches, as
shown on the Plans, as directed by the Engineer, and as marked for removal.

The subbase and adjacent concrete shall be sufficiently wet-down with water prior to placing concrete, to prevent water loss
from the new concrete, and to form a better bond between old and new concrete. If a cold-joint becomes necessary, the
existing concrete surface(s) shall be cleaned with compressed air to expose the aggregate in the concrete.

Where it is necessary to remove existing pavement to provide space for concrete formwork, a sufficient amount of the
existing pavement shall be removed to allow for the use of a vibratory plate compactor in front of the curb.

Where concrete items are placed in areas adjacent to existing pavement that is beyond the general resurfacing (pavement
removal and/or milling) limits, the adjacent pavement area shall be backfilled and permanently patched within 48-hours of
the removal of concrete formwork. The backfill material shall be
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MDOT 21AA aggregate compacted in place to 95%, up to the elevation of the proposed bottom of pavement. The pavement
patching material(s) shall be as specified and as directed by the Engineer.

Where concrete items are placed adjacent to existing pavement that is within areas scheduled for subsequent pavement
removal and/or milling, the adjacent pavement area shall, within 48-hours of the removal of concrete formwork, be
backfilled with MDOT 21AA aggregate compacted in place to 95% up to the elevation of the bottom of the adjacent
pavement.

Prior to compacting backfill in front of curb and gutter, the back of curb shall be backfilled with approved material and
compacted by mechanical means to 95%.

At various times throughout the work, the Engineer may direct the Contractor to use smaller and/or lighter equipment, and
to defer certain work tasks, in order to protect the grade and/or adjacent areas. The Contractor shall not be entitled to any
additional compensation for the use of smaller equipment, lighter equipment, or work task deferral.

Restoration

The Contractor shall restore all disturbed areas to better than or equal to their original condition within two calendar days
from the date of concrete placement. This includes the placement and compaction of 2.5 inches of topsoil, followed by the
placement of grass seed, followed by the placement of 0.5 inches of topsoil, at all turf restoration locations, and at locations
where concrete items are removed and turf is to be established. Restoration shall also include the replacement of any
brickwork, decorative stone, or other adjacent materials. All restoration work and materials shall be in accordance with the
City of Ann Arbor Standard Specifications for Construction.

Contraction Joints in Sidewalk
Contraction joints shall be placed at 5-foot intervals and may be tooled or sawed. The method of forming joints and spacing
shall be approved by the Engineer prior to construction.

Expansion Joints in Sidewalks

¥-inch wide expansion joints shall be placed through concrete sidewalks in line with the extension of all property lines, at
all expansion joints in the abutting curb, gutter, and combination curb and gutter, and as directed by the Engineer.
Transverse expansion joints shall be placed through the sidewalks at uniform intervals of not more than 300-feet.

Y-inch wide expansion joints shall be placed between the sidewalk and back of abutting curb or gutter, at the juncture of
two sidewalks, between the sidewalk and buildings and other rigid structures, and as directed by the Engineer.

Expansion Joints in Curb and Gutter
%-inch wide expansion joints shall be placed at all street returns, at all expansion joints in an abutting pavement, at each
side of all driveways (at radius points), elsewhere at 300-foot maximum intervals, and as directed by the Engineer.
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Expansion joint material shall extend to the full depth of the joint. After installation, the top shall not be above the concrete
nor be more than Y2-inch below it. No reinforcing steel shall extend through expansion joints.

Plane of Weakness Joints in Curb and Gutter

Intermediate plane of weakness joints shall be placed to divide the structure into uniform sections, normally 10-feet in
length, with a minimum being 8-feet in length, and shall be placed opposite all plane of weakness joints in the abutting
concrete base course.

Plane of weakness joints shall be formed by narrow divider plates, which shall extend 3-inches into the exposed surfaces of
the curb or curb and gutter. Plates shall be notched, if necessary, to permit the steel reinforcement to be continuous through
the joint.

MEASUREMENT AND PAYMENT

The work of furnishing and installing mechanical anchors and hook bolts will be measured and paid for by the number of
hook bolts installed.

All concrete pavement repair, including that which is installed with integral curb and gutter, will be measured and paid for
by the area actually placed in square yards (SY).

No additional compensation will be paid for the construction of concrete items adjacent to existing concrete curb, gutter,
pavement, or any other pavement or surface feature(s).

No additional compensation will be paid for the removal of a 6-inch thick layer of the subgrade, subbase or base, and
replacement with approved 21 AA aggregate material, compacted in place.

A deduction in length for catch basins and inlet castings will be made to measurements of Curb and Gutter.
Curb, gutter, and curb and gutter shall be paid as "Concrete Curb or Curb & Gutter — Any Type, Modified".

Restoration work, including backfilling, compacting, HMA patching adjacent to concrete items, topsoiling and seeding will
not be paid for separately, but shall be included in the appropriate associated items of work.

Payment for saw cutting for Type M openings and for partial removal of existing drives shall be included in the price for
the item of work, “Remove Concrete Sidewalk, Ramp and Drives - Any Thickness, Modified”, and will not be paid for
separately.
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Payment for the removal of HMA pavement and aggregate base to provide space for concrete formwork and vibratory plate
compactor shall be included in the price for the item of work, “Remove Concrete Curb or Curb and Gutter - Any Type,

Modified”, and will not be paid for separately.

Completed work as measured for these items of work will be paid for at Contract Unit Prices for the following Contract
(Pay) Items:

PAY ITEMS PAY UNIT
Concrete Curb or Curb & Gutter — Any Type Lineal Foot
4” Concrete Sidewalk, Modified Square Foot
6” Concrete Sidewalk, Ramp, Drive Approach, Modified Square Foot
6” Concrete Sidewalk, Ramp, Drive Approach, High Early Square Foot
Concrete Type M Drive Opening, High Early Lineal Foot

The unit prices for these items of work shall include all labor, material, and equipment costs to perform all the work specified
in the Standard Specifications and as modified by this Detailed Specification.

DS-57

S:\Engineering\General\2020-039 2020 Sewer Lining Project\12 - Contract Specifications\2020 Sewer Lining Detailed Specifications and Attachment Documents.docx



DETAILED SPECIFICATION
FOR
ITEM #237 — INLET FILTER, SPECIAL
lofl

DESCRIPTION

This work shall consist of properly installing curb and gutter inlet filters, at locations indicated on the plans, and as directed
by the Engineer, maintaining during the entire construction period, and removing at the end of construction. The curb and
gutter inlet filters shall be constructed in accordance with the detailed plans.

MEASUREMENT AND PAYMENT

The unit price for this item of work shall include all labor, material, and equipment costs to perform all the work specified
in the Standard Specifications, the project plans and as modified by this Detailed Specification.

Curb and gutter inlet filters will be paid for by the unit "Each". A filter will be paid for when initially installed at a particular
structure. Payment will be for installing, maintaining, reinstalling, and, removing the filter at the end of construction and
as directed by the Engineer.

PAY ITEM PAY UNIT

Inlet Filter, Special Each

DS-58

S:\Engineering\General\2020-039 2020 Sewer Lining Project\12 - Contract Specifications\2020 Sewer Lining Detailed Specifications and Attachment Documents.docx



DETAILED SPECIFICATION
FOR
ITEM # 238 — INTERNAL CHIMNEY SEAL
lof2

DESCRIPTION

This specification includes the materials and procedures required for the internal sealing of the frame-chimney joint area of
brick, block and precast manholes, as required in the contract documents.

A plural component, urethane internal manhole frame-chimney sealant, as specified herein shall be applied in all assigned
manholes within the areas included in this project. If excavation is required to repair, rebuild, or replace a manhole; or if
manhole linings or coatings are required, the sealant shall be applied after that work has been completed.

Design Requirements — The manhole frame-chimney sealant shall be designed to prevent leakage of water through the
above-described portions of the manhole throughout its design life.

The manhole frame-chimney sealant shall remain flexible and bonded to the inside surfaces of the manhole frame and
masonry throughout its design life.

MATERIALS
Manhole frame-chimney sealant consisting Cretex Easy Seal SG or engineer approved equal of a plural component, spray
applied, quick setting urethane material conforming to the following requirements:

Viscosity
a. Part A, 12,000-17,000 cps @ 25C, 20 RPM per ASTM D2393
b. Part B, 300-510 cps @ 25C, 300 RPM per ASTM D4287

Weight
a. Weight/Gallon Part A, 8.90-9.20 Ib/gal per ASTM D1875
b. Weight/Gallon Part B, 9.60-9.75 1b/gal per ASTM D1875
c. Weight/Gallon Mixed, 9.25-9.48 1b/gal per ASTM D1875

Processing
a. Mix Ratio By Weight, 100:107
b. Mix Ratio by Volume, 100:100
c. Cure Schedule, Hours, 4-5 hours @ 25C

Gel Time
Gel Time, Seconds, 0-15 seconds @ 25C, 100 grams per ASTM D3056

Cured Properties
a. Hardness, Shore A, 95-100 per ASTM D2240
b. Elongation, 379-473% per ASTM D638 or ASTM D412
c. Tensile Strength, 2616-3216 psi per ASTM D638 or ASTM D412
d. Peel Strength, 30.8-46.8 PLI (AL to AL) PER ASTM D1876

CONSTRUCTION METHOD
All concrete and masonry surfaces must be clean. Grease, organic matter, roots must be completely removed.
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The CONTRACTOR shall have the manufacturer's recommended plural cartridge dispensing tool and all other
equipment/tools necessary to prepare the surfaces of the manhole and apply the manhole frame-chimney sealant.

All loose and protruding mortar and brick that would prevent proper application of the Seal, shall be removed and the
appropriate areas of the manhole frame, chimney and or cone/corbel cleaned and prepared. All areas to be sealed shall be
free of surface contaminates, be dry and free of any excessive voids or defects. If an adequate sealing surface does not exist
on the masonry, repair materials such as Cementitious grout shall be used to fill voids and profile the chimney area of the
manhole.

“CEMENTITIOUS GROUT Cementitious grout shall be a premixed, non metallic, high strength, non-shrink grout which
meets the requirements of ASTM C-191 and C-827 as well as CRD-C-588 and C-621. When mixed to a mortar or "plastic"
consistency, it shall have minimum one day and 28 day compressive strength of 6,000 and 9,000 psi, respectively.”

All surface preparation shall be completed in strict accordance with the frame-chimney sealant manufacturer's published
instructions.

The internal frame-chimney sealant shall be applied to cover 24 vertical inches inside of the entire circumference of the
chimney at a minimum thickness of one hundred (100) mils.

MEASUREMENT AND PAYMENT

This item shall be paid at the unit price bid per manhole and shall include the cost of furnishing and applying the frame-
chimney sealant material along with the surface preparation work needed to facilitate proper application.

The completed work as measured for these items of work will be paid for at the Contract Unit Prices for the following
Contract (Pay) Items:

PAY ITEM PAY UNIT
Internal Chimney Seal Ea.

The unit prices for these items of work shall include all labor, material, and equipment costs to perform all the work specified
in the Standard Specifications and as modified by this Detailed Specificatio
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DESCRIPTION

This work shall consist of reconstructing flow channel in accordance to what was described in Section 403 of the
Michigan Department of Transportation 2012 Standard Specifications for Construction, and as specified herein.

MATERIALS
Manhole bases and flow channel shall be formed of QUIKRETE Fast Setting

Concrete Mix PRODUCT NO.1004-50 or Engineer approved equal. The use of PVC SDR-26 to establish and form the
flow channel if and when applicable upon Engineer approval.

METHODS OF CONSTRUCTION

All concrete and masonry surfaces must be clean. Grease, organic matter, loose bricks, mortar, unsound concrete, roots and
other materials must be completely removed.

Thoroughly clean existing flow channel and remove any accumulated sediment, debris, and broken or loose concrete.
Properly dispose of all materials removed from the flow channel.

Where the process requires interruption of flow, the Contractor shall provide all necessary diversion or bypass pumping
equipment to handle the flow for the duration of the flow channel rehabilitation, including curing times where applicable.

Form and place the concrete mix, meeting City of Ann Arbor Materials Standards, to create new flow channel up to the
springline of the flow channel.
Install concrete flow channel up to springline of pipe with %4 to 1 gap at pipe ends provided to maintain joint flexibility.

Changes in direction of the sewer and entering branch or branches shall be laid out in smooth curves of the longest
possible radius which is targeted to the centerlines of adjoining pipelines. Regardless of differences in entrance and exit
elevations, flow channels for all pipes are to be formed to present a smooth transition of flow and shall be subject to the
approval of the ENGINEER.

Flow channels for sewer structures shall be finished in accordance with the city details. All flow channels shall be screeded
and floated to a smooth, uniform surface and troweled to a hard surface finish.

The flow channel and surface surrounding it, shall be reformed and finished to provide flow channels. All such work shall
be done with the proper tools and by careful workmen competent to do such work.

All necessary adjustments required to accommodate encountered field conditions for reconstructed
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flow channel including all necessary dewatering shall be included in the cost of the flow channel reconstruction and will
not be paid for separately.

MEASUREMENT AND PAYMENT

The completed work as measured shall be paid at the contract unit price for the following contract items (pay items):

PAY ITEM PAY UNIT

Reconstruct flow channel Ea

Payment for this item of work shall include all labor, materials and equipment needed to accomplish the work, regardless
of depth or type of structure.
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DESCRIPTION

Sanitary sewer manhole cementitious liner with spray applied or centrifugally cast light-weight structural reinforced
concrete.

The Cementitious Liner shall be applied on the manhole base, bench, walls, corbel/cone, and chimney of brick, block, or
precast manholes.

INSTALLER EXPERIENCE AND QUALIFICATIONS
Contractor must demonstrate a minimum of 3-years of recent experience.

SUBMITTALS
Submit to the Owner for review and acceptance at least 14-days prior to starting manhole cementation for the following:
e Manufacturers’ Certificate of Compliance certifying compliance with the applicable Specifications and
Standards. The certifications shall list all materials furnished under this Section.
o Certified copies of factory tests required by the applicable Standards, the Manufacturer, and this Section.
e Manufacturer’s handling, storage, and installation instructions and procedures.

MATERIALS
e The materials used shall be designed, manufactured, and intended for sewer manhole rehabilitation and the
specific application in which they are used.

e The materials shall have a proven history of performance in sewer manhole rehabilitation. The materials shall be
delivered to the job site in original unopened packages clearly labeled with the manufacturer’s identification and
printed instructions.

e All materials shall be stored and handled in accordance with recommendations of the manufacturer.
e All materials shall be mixed and applied in accordance with the manufacturer’s written instructions.
e The material applied to the surface of the manhole shall be a cementitious blend

e of calcium aluminate cement and manufactured calcium aluminate aggregates

e for constructing a liner that is impervious to the flow of water, is resistant to

e sulfide attack, and restores structural integrity to existing manhole walls.

e A monolithic liner shall be formed which covers all interior manhole surfaces and
e shall have the following minimum requirements at 28-days:
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e Compressive Strength (ASTM C-579B) 3,000-psi
e Tensile Strength (ASTM C-496) 300-psi
e Flexural Strength (ASTM C-293) (Modified) 600-psi
e Shrinkage (ASTM C-596) 0% at 90% R.H.
e Bond (ASTM C-321) 130-psi

PREPARATORY PROCEDURES

Contractor will perform preliminary cleaning of the structure with high-pressure water-blasting at a minimum of 4000psi
and 4gpm to obtain the desired concrete surface profile (CSP) of 3 or greater. If the desired CSP is not achieved by high-
pressure water-blasting other methods of obtaining the surface profile such as abrasive blasting and acid etching shall be
used.

The Contractor shall remove all the existing manhole steps. The metal portion of all steps will be removed to within %" of
the manhole interior wall surface. The remaining protruding metal portion of the step shall be covered with a cementitious

material to provide a smooth surface on and around the protrusion for the liner to bond.

All open joints, voids, holes, cracks, and missing bricks larger than 3 inches in diameter or equivalent shall be patched
with a cementitious material to provide a smooth surface for the cementitious liner to bond.

All roots, loose, cracked or disintegrated material shall be removed from the area to be patched exposing a sound
substrate. The cementitious patch material shall be allowed to cure according to the manufacturer’s specifications before
continuing with the cementitious Liner installation process.

Bench shall be sloped so that water will flow back into channel.

When the channel is required to be lined the Contractor shall plug the inlet pipe, inspect for infiltration leaks around the
inlet and outlet pipes and in the channel. All leaks present shall be stopped by the use of chemical grout injection and/or

by the use of fast-setting cement.

The final prepared surface shall have a concrete surface profile of 3 or greater and have a smooth uniform appearance.

FINISHED LINER

The finished Cementitious Liner shall be continuous over the entire length of the structure from the cover seat to the
invert, including the channel. Liner shall be bonded to the structure, as required by design, and in such a way as to not
allow any water to flow behind the liner and enter back into the waste stream.

The liner shall be visually inspect from inside the structure for any defects that may affect performance of the liner. All
defects shall be fixed to conform with these specifications.
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CLEANUP
Clean up the entire project area after the work is completed and all testing accepted. Remove and dispose of all excess
material and debris not incorporated into the permanent installation.

MAINTENANCE
Any defects shall be repaired in accordance with the manufacturers’ recommendations on an as needed basis.

WARRANTY
Manufacturer and Installer of the Liner system shall provide a 10 year warranty on materials and labor.

MEASUREMENT AND PAYMENT
Cementitious Liner shall be measured as units, complete in place. The completed work as measured shall be paid at the
contract unit price for the following contract items (pay items):

PAY ITEM PAY UNIT

Cementitious Liner Vf

Payment for this item of work shall include all labor, materials and equipment needed to accomplish the work, regardless
of depth or type of structure.
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DESCRIPTION

This item of work shall conform to Division IX, Section II, Item No. 891, Clean-Up & Restoration of the Public Services
Area Standard Specifications, except as specified herein.

This work shall include the removal of all surplus materials from the site including; but not limited to; tools, dirt, rubbish,
construction debris, and excess excavated material. This work shall also include the restoration of all existing lawn areas,
road surfaces, culverts, drives, and sidewalks disturbed by the work. This work includes placing topsoil, fertilizer, seeding,
and furnishing and installing mulch blankets on all disturbed areas as approved by the Engineer. Mulch blankets are required
on all seeded areas.

MATERIALS

The materials shall meet the requirements specified in the MDOT 2012 Standard Specifications as designated, as specified
herein, and as approved by the Engineer:

— Seed shall be THM seed mixture as described in Table 8 16-1.
— Fertilizers shall be a Class A. The percentages by weight shall be 12- 12- 12, or as approved by the Engineer.

— Water used shall be obtained from fresh water sources and shall be free from injurious chemicals and other toxic
substances.

— Mulch blankets shall be High Velocity Straw Mulch Blankets as specified in MDOT section 917.

MAINTENANCE AND ACCEPTANCE

It is the responsibility of the Contractor to establish a dense lawn of permanent grasses, free from mounds and depressions
prior to final acceptance and payment of this project. Any portion of a seeded area that fails to show a uniform germination
shall be reseeded. Such reseeding shall be at the Contractor's expense and shall continue until a dense lawn is established.
The Contractor is responsible for restoring all areas disturbed by his construction.

The Contractor shall maintain all lawn areas until they have been accepted by the Engineer. Lawn maintenance shall begin
immediately after the grass seed is in place and continue until final acceptance with the following requirements:

Lawns shall be protected and maintained by watering, mowing, and reseeding as necessary, until the period of time when
the final acceptance and payment is made by the Engineer for the project, to establish a uniform, weed-free, stand of the
specified grasses. Maintenance includes furnishing and installing additional topsoil, and reseeding all as may be required to
correct all settlement and erosion until the date of final acceptance.

DETAILED SPECIFICATION
FOR
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Damage to seeded areas resulting from erosion shall be repaired by the Contractor at the Contractor's expense. Scattered
bare spots in seeded areas will not be allowed over three (3) percent of the area nor greater than 6"x 6" in size.

When the above requirements have been fulfilled, the Engineer will accept the lawn.

Cleanup and Restoration must be performed upon the completion of each sub-phase of work (as described in the Detailed
Specification for Project Schedule), and not as one single operation at the completion of the entire project.

MEASUREMENT AND PAYMENT

Measurement and payment for this item of work shall conform to Division IX, Section 2, Item No. 891, Clean-Up &
Restoration of the Public Services Area Standard Specifications except as modified herein.

The completed work for “Clean-Up & Restoration, Special” will be paid for on a lump sum (LS) basis. 80% of said lump
sum shall be paid upon completion and approval of the site by the Engineer. By May 31 of the year following the
completion of the project, the Engineer will inspect the seeded turf to ensure that the end product is well established; weed
free, and in a growing and vibrant condition. If the Engineer determines that the restored areas meet the project requirements,
the remaining 20% of the lump sum will be paid. If the Engineer determines that the restored areas do not meet the project
requirements, the Contractor will continue with any and all measures necessary to meet the project requirements. All costs
associated with the remedial measures shall be borne entirely by the Contractor.

Pay Item Pay Unit
Clean-Up & Restoration, Special Lump Sum

DETAILED SPECIFICATION
FOR
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DESCRIPTION

This specification covers all administrative requirements, payroll reporting procedures to be followed by Contractors
performing work on City-sponsored public improvements projects, and all other miscellaneous and incidental costs
associated with complying with the applicable sections of the City of Ann Arbor Code of Ordinances with regard to payment
of prevailing wages and its Prevailing Wage Compliance policy.

This specification is not intended to include the actual labor costs associated with the payment of prevailing wages as
required. Those costs should be properly incorporated in all other items of work bid.

GENERAL

The Contractor is expected to comply with all applicable sections of Federal and State prevailing wage laws, duly
promulgated regulations, the City of Ann Arbor Code of Ordinances, and its Prevailing Wage Compliance Policy as defined
within the contract documents. The Contractor shall provide the required certified payrolls, city-required declarations, and
reports requested elsewhere in the contract documents within the timeline(s) stipulated therein.

The Contractor shall also provide corrected copies of any submitted documents that are found to contain errors, omissions,
inconsistencies, or other defects that render the report invalid. The corrected copies shall be provided when requested by
the Supervising Professional.

The Contractor shall also attend any required meetings as needed to fully discuss and ensure compliance with the contract
requirements regarding prevailing wage compliance. The Contractor shall require all employees engaged in on-site work
to participate in, provide the requested information to the extent practicable, and cooperate in the interview process. The
City of Ann Arbor will provided the needed language interpreters in order to perform wage rate interviews or other field
investigations as needed.

Certified Payrolls may be submitted on City-provided forms or forms used by the Contractor, as long as the Contractor’s
forms contain all required payroll information. If the Contractor elects to provide their own forms, the forms shall be
approved by the Supervising Professional prior to the beginning of on-site work.

UNBALANCED BIDDING

The City of Ann Arbor will examine the submitted cost for this item of work prior to contract award. If the City determines,
in its sole discretion, that the costs bid by the Contractor for complying with the contract requirements are not reasonable,
accurately reported, or may contain discrepancies, the City reserves the right to request additional documentation that fully
supports and justifies the price as bid. Should the submitted information not be determined to be reasonable or justify the
costs, the City reserves the right to pursue award of the contract to the second low bidder without penalty or prejudice to
any other remedies that it may have or may elect to exercise with respect to the original low-bidder.

The Contract Completion date will not be extended as a result of the City’s investigation of the as-bid amount for this item
of work, even if the anticipated contract award date must be adjusted. The only exception will be if the Contractor
adequately demonstrates that their costs were appropriate and justifyable. If so, the City will adjust the contract completion
date by the number of calendar days commensurate with the length of the investigation, if the published Notice to Proceed
date of the work cannot be met. The contract unit prices for all other items of work will not be adjusted regardless of an
adjustment of the

contract completion date being made.

DETAILED SPECIFICATION
FOR
CERTIFIED PAYROLL COMPLIANCE AND REPORTING
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MEASUREMENT AND PAYMENT
The completed work as measured for this item of work will be paid for at the Contract Unit Price for the following Contract
(Pay) Item:

PAY ITEM PAY UNIT
Certified Payroll Compliance and Reporting Lump Sum

The unit price for this item of work shall include all supervisory, accounting, administrative, and equipment costs needed
to monitor and perform all work related to maintaining compliance with the tasks specified in this Detailed Specification,
the City of Ann Arbor Code of Ordinances, its Prevailing Wage Compliance policy and the applicable Federal and State
laws.

Payment for this work will be made with each progress payment, on a pro-rata basis, based on the percentage of construction
completed. When all of the work of this contract has been completed, the measurement of this item shall be 1.0 times the
Lump Sum bid amount. This amount will not be increased for any reason, including extensions of time, extra work, and/or
adjustments to existing items of work.
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DETAILED SPECIFICATIONS
FOR
GENERAL CONSTRUCTION NOTES

The following notes pertain to all Plan sheets issued as part of this Contract, and these notes shall be considered part of each
Plan sheet or Detailed Information Sheet.

1. All work shall conform to latest revision of the City Standard Specifications.

2. The Contractor shall maintain access to all drives throughout the course of construction. Drives shall never be
closed during non-working hours, unless otherwise authorized in writing by the Engineer.

3. The Contractor shall completely restore all existing site features to better than, or equal to, their existing condition.

4. The Contractor shall be aware that there are above-ground and below-ground utilities existing in and on these streets
which include, but are not limited to: gas mains and service leads; water mains and service leads; storm sewer mains
and service leads; sanitary sewer mains and service leads; telephone poles, wires, cables and conduits; electrical
poles, wires, cables and conduits; cable television wires, cables and conduits, and other various utilities. The
Contractor shall conduct all of its work so as not to damage or alter in any way, any existing utility, except where
specified on the Plans or where directed by the Engineer. The City has videotaped and cleaned all sanitary and
storm sewers, including storm sewer inlet leads, and has found all of these facilities to be in good condition, with
the exception of those shown on the Plans for repairs or replacement.

5. The Contractor is solely responsible for any delays, damages, costs and/or charges incurred due to and/or by reason
of any utility, structure, feature and/or site condition, whether shown on the Plans or not, and the Contractor shall
repair and/or replace, at its sole expense, to as good or better condition, any and all utilities, structures, features
and/or site conditions which are impacted by reason of the work, or injured by its operations, or injured during the
operations of its subcontractors or suppliers.

6. No extra payments or adjustments to unit prices will be made for damages, delays, costs and/or charges due to
existing utilities, structures, features and/or site conditions not shown or being incorrectly shown or represented on
the Plans.
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DETAILED SPECIFICATION
FOR
DISPOSING OF EXCAVATED MATERIAL

The Contractor shall dispose of, at the Contractor’s expense, all excavated material. Costs for this work will not be paid for
separately, but shall be included in the bid price of the Contract Item “General Conditions.”

DETAILED SPECIFICATION
FOR
PROTECTION OF UTILITIES

Damages to utilities by the Contractor's operations shall be repaired by the utility owner at the Contractor's expense.
Delays to the work due to utility repairs are the sole responsibility of the Contractor.

The Contractor shall keep construction debris out of utilities at all times. The Contractor shall be back charged an amount
of $50.00 per day for each manhole/inlet/utility pipe that contains construction debris caused as a result of the Contractor's
(including subcontractors and suppliers) work.

The Contractor is solely responsible for any damages to the utilities or abutting properties due to construction debris.

Certain sanitary and storm sewers within the influence of construction may have been cleaned and videotaped prior to
construction. The City may also choose to videotape utility line(s) during or after the work of this Contract to inspect them
for damages and/or construction debris. If such inspection shows damage and/or debris, then all costs of such inspection,
cleaning, repairs, etc, shall be the Contractor's sole responsibility. If such inspection is negative, the City will be responsible
for the costs of such inspection.

Costs for this work will not be paid for separately, but shall be included in the bid price of the Contract Item “General
Conditions.”

DETAILED SPECIFICATION
FOR
SOIL EROSION AND SEDIMENTATION CONTROL MEASURES

The Contractor shall furnish, place, maintain and remove soil erosion and sedimentation control measures, including but
not limited to, fabric filters at all drainage structures, all in accordance with all applicable City (and other governmental
agencies) codes and standards, as directed by the Engineer, as detailed in the Standard Specifications, and as shown on the
Plans.

Costs for this work will not be paid for separately, but shall be included in the bid price of the Contract Item “General
Conditions.”
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DETAILED SPECIFICATION
FOR
VACUUM TYPE STREET AND UTILITY STRUCTURE CLEANING EQUIPMENT

The Contractor shall furnish and operate throughout the construction period, vacuum type street cleaning and utility
structure cleaning equipment (Vac-All, Vactor, etc.) approved by the Engineer, as and when directed by the Engineer for
dust control, for dirt/debris control, and for street cleaning immediately prior to, and for street and utility structure
cleaning after any and all paving. The cleaning equipment shall be of sufficient power to remove dust, dirt, and debris
from the pavement and from utility structures in and adjacent to the construction area.

Costs for this work will not be paid for separately, but shall be included in the bid price of the Contract Item “General
Conditions.”

DETAILED SPECIFICATION
FOR
MATERIALS AND SUPPLIES CERTIFICATIONS

The following materials and supplies shall be certified by the manufacturer or supplier as having been tested for compliance
with the Specifications:

HMA materials

Hot-poured Joint Sealants

Cements, coatings, admixtures and curing materials
Sands and Aggregates

Steel and Fabricated metal

Portland Cement Concrete Mixtures

Reinforcing Steel for Concrete

Reinforcing Fibers for Concrete

Pre-cast Concrete products

Sanitary Sewer Pipe

Storm Sewer Pipe

Water Main Pipe

Corrugated Metal Pipe

High Density Polyethylene Pipe

Timber for retaining walls

Modular Concrete Block for retaining walls

Edge Drain and Underdrain Pipe

Geotextile Filter Fabric and Stabilization Fabric/Grids

The Contractor shall submit all certifications to the Engineer for review and approval a minimum of three business days
prior to any scheduled delivery, installation, and/or construction of same.

Costs for this work will not be paid for separately, but shall be included in the bid price of the Contract Item “General
Conditions.”
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ATTACHMENTS





















Michigan Department
Of Transportation
CP-347 (04/10)

CERTIFIED PAYROLL

COMPLETION OF CERTIFIED PAYROLL FORM FULFILLS THE MINIMUM MDOT PREVAILING WAGE REQUIREMENTS

MICHIGAN DEPARTMENT OF TRANSPORTATION

Page 1 of 2

(1) NAME OF CONTRACTOR { SUBCONTRACTOR (CIRCLE ONE])

2] ADDRESS

3 PAYROLL NO

{4y FOR WEEK ENDING

{5) PROJECT AND LOCATION

{6) CONTRACT ID

(a)

(b)

a

(d) DAY ANDDATE

(e)

€]

[0]

5]

RO () DEDUCTIONS
il TOTAL TOTAL
2 TOTAL PROJECT hoss | YWEEKLY WEEKLY
= HOURS | PROJECT | RATE OF weEkLy | HOURS WAGES
S ON RATE OF | FRINGE EARNED | WORKED TOTAL PAIDFOR
EMPLOYEE INFORMATION WORK CLASSIFICATION £ HOURS WORKED OM PROJECT PROJECT PAY PAY ALL JOBS| FICA FEDERAL| STATE OTHER DECUCT | ALL JOBS
NAME: $0.00
0
$0.00 $0.00
0
ETHIGEN: 1D #: GROUPICLASS #: S
NAME: $0.00
0
$0.00 $0.00
0
ETHIGEN: 1D #: GROUPICLASS #: S
NAME: $0.00
0
$0.00 $0.00
0
ETHIGEN: 1D #: GROUP/CLASS #: S
NAME: $0.00
o]
$0.00 $0.00
0
ETHIGEN: 1D #: GROUPICLASS #: S
NAME: $0.00
0
$0.00 $0.00
0
ETHIGEN: D #: GROUPICLASS #: S
NAME: $0.00
o]
$0.00 $0.00
o]
ETHIGEN: 1D #: GROUPICLASS #: S
NAME: $0.00
0
$0.00 $0.00
0
ETHIGEN: 1D #: GROUPICLASS #: S
NAME: $0.00
0
$0.00 $0.00
o]
ETHIGEN: D #: GROUPICLASS #: S




MDOT CP-347 (04/10) Page 2 of 2

Date (b) WHERE FRINGE BENEFITS ARE PAID IN CASH
I, - - EI — Each laborer or mechanic listed in the above referenced payroll has been paid,
(Name of Signatory Party) (Title) as indicated on the payroll, an amount not less than the sum of the applicable

basic hourly wage rate plus the amount of the required fringe benefits as listed

do hereby state: y 2 -
in the contract, except as noted in section 4(c) below.

1) That | pay or supervise the payment of the persons employed b
M pay P pay P ploy y (c) EXCEPTIONS

on the
(Contractor or Subcontractor) EXCEPTION (CRAFT) EXPLANATION

; that during the payroll period commencing on the

(Building or Work)

day of s , and ending the day of s s

all persons employed on said project have been paid the full weekly wages earned, that no rebates have
been or will be made either directly or indirectly to or on behalf of said

from the full

{Contractor or Subcontractor)

weekly wages earned by any person and that no deductions have been made either directly or indirectly
from the full wages earned by any person, other than permissible deductions as defined in Regulations, Part

3 (29 C.F.R. Subtitle A), issued by the Secretary of Labor under the Copeland Act, as amended (48 Stat. 948,
63 Start. 108, 72 Stat. 967, 76 Stat. 357; 40 U.S.C. § 3145), and described below:

REMARKS

(2) That any payrolls otherwise under this contract required to be submitted for the above period are
correct and complete; that the wage rates for laborers or mechanics contained therein are not less than the
applicable wage rates contained in any wage determination incorporated into the contract; that the
classifications set forth therein for each laborer or mechanic conform with the work he performed.

(3) That any apprentices employed in the above period are duly registered in a bona fide
apprenticeship program registered with a State apprenticeship agency recognized by the Bureau of
Apprenticeship and Training, United States Department of Laboer, or if no such recognized agency exists ina
State, are registered with the Bureau of Apprenticeship and Training, United States Department of Labor.

(4) That:

(a) WHERE FRINGE BENEFITS ARE PAID TO APPROVED PLANS, FUNDS, OR PROGRAMS NAME AND TITLE SIGNATURE

O

— in addition to the basic hourly wage rates paid to each laborer or mechanic listed in

the above referenced payroll, payments of fringe benefits as listed in the contract THE WILLFUL FALSIFICATION OF AMY OF THE ABOVE STATEMENTS MAY SUBJECT THE CONTRACTOR OR
have been or will be made to appropriate programs for the benefit of such SUBCONTRACTOR TO CIVIL OR CRIMINAL PROSECUTION, SEE SECTION 1001 OF TITLE 18 AND SECTION 231 OF TITLE

employees, except as noted in section 4(c) below. 31 OF THE UNITED STATES CODE
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