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A
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AC

ACP

AISC
ANSI
ANSI/MSS

DC Code
DC Water
DCMR
DCRA
d/D
DDOT
DEQ
DOEE
DIP
DIPRA
District
DPR
DPW

DR

DWS

E

E 6
EA
ENR
FEA
FEM
FGCC
FPVC
FRP
FT
FOWM
GIS
GPAD
GPCD

ACRONYMS AND ABBREVIATIONS

Area

ACCE International

American Association of State Highway ahichnsportation Officials
AlternatingCurrent

AsbestogCementPipe.

American Institute of Steel Construction
American National Standards Institute

American National Standards InstitiM&anufacturers Standardization Society
American Society of Civil Engineers

American Society for Testing and Materials
American Water Works Association
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Computer Aided Design

Construction Cost Index (published by ENR)
Civil Engineer

Cubic Feet perSecond

Castlron.

Construction Institute (within ASCE)

Castlron Pipe.

Curedin Place Lateral

Curedin-PlacePipe.

ConstructionimpactReport

Controlled LowStrength Material

Centimeters

CathodicProtection

ConsumerPrice Index (published by Bureau of Labor Statistics)
Chlorinated PolyVinyl Chloride

Direct Current

District of Columbia

District of Columbia Official Code

District of Columbia Wateand Sewer Authority
District of Columbia Municipal Regulations
District Department of Regulatory Affairs
Maximum Depth Ratio (maximum flow depth divided by pipe diameter)
District Department of Transportation

Virginia Depatment of Environmental Quality
District Department of Energy and the Environment
Ductile Iron Pipe.

Ductile Iron Pipe Research Assaociation

District of Columbia

District Department of Parks and Recreations
District Department of Public Works
DimensionRatio.

Department of Water Services (within DC Water)
Y o u nMjodldus

Modulus ofSoil Reaction

Each

Engineering New Record

Finite ElementAnalysis

Finite ElementModel

Federal Geodetic Control Committee

Fusible PVC Pipe

Fiber ReinforcedPipe.

Feet

FederallyOwnedWaterMain.

Geographic Information System

GallonsPer Acre perDay.

GallonsPer CapitaperDay.
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GPM GallonsPer Minute.

GRP GlassReinforcedPlastic

GUTS Guaranteedlltimate TensileStrength

GWiI Ground Water Infiltration

H Height

H Horizontal

HDPE High DensityPolyethylenePipe.

HGL Hydraulic GradeLine.

I Intensity

I Inflow andInfiltration.

ICCP ImpressedCurrentCathodicProtection

IDM InchDiameterMile.

IDW IntrusionDetectionWarning

IFB Invitation for Bidders

IN Inch

JOL Joint Offseti Large

JOM Joint Offseti Medium.

HR Hour.

K Coefficient ofLateralEarthPressure

KSF 1000 PSF

LF LinearFeet

LS Lump Sum.

LWD Low WaterDatum

MACP Manhole Assessment and Certification Program
MBE Minority-Owned Business Enterprise

MDE Maryland Department of the Environment

MS4 Municipal SeparateStorm SewerSystem

MSL MeanSeal evel

mV milli Volts

MWCOG Metropolitan Washington Council of Governments
N N-value (SPT blow count)

N Manningbs N value (for pipe roughness)
NACE National Association of Corrosion Engineers

NAD North American Datum

NASSCO National Association of Sewé&ervice Companies
NATM New Austrian Tunneling Method

NAVD North American Vertical Datum

NE Northeast

NEPA National Environmental Policy Act of 1969

NGVD National Geodetic Vertical Datum

NOAA National Oceanic and Atmospheric Administration
NPS National Park Service

NW Northwest

OHWM Ordinary High Water Mark

OPCC Opinion of ProbableConstructionCo st (al so known .as engineer6
ORP Oxidation-ReductionPotential

OSHA Occupational Safety and Health Administration

P BasicLateralEarthPressure

PACP Pipe Assessment and Certification Program

PC Point of Curvature

PCC Point of CompoundCurvature

PCCP Prestressed Concrete Cylindrical Ripe

PDE Project Design Engineer

PDM Project Design Manual (consisting of Volume8)1
PE Polyethylene

PE Professional Engineer (licensed in jurisdiction of work to be constructed)
PP Polypropylene

PPM PartsPer Million.

PPV PeakParticle Velocity.

PRC Point of ReverseCurvature

DC Water Project Design Manual
Volume 37 Linear Infrastructure Design Pagexii

July 2018



TCP
USACE
\YJ

VCP
Volume 1
Volume 3
WAD
WBE
WEF
WMATA
WNY
WPCF
WSSC
ZOl

Pounds peSquareFoot.

Pounds pefSquarelnch

Point of Tangency

PolyVinyl Chloride

Flow Rate

ReinforcedConcretePipe.

Rainfall Derived Inflow and Infiltration
StandardDimensionRatio.

Southeast

Safety Factar

Spray-in-PlacePipe.

Standard Penetration Test

Safe System of Work Plan

Special Use Permit (issued by NPS)
Southwest

Three Edge Bearing Test

TerraCottaPipe.

Traffic Control Plan.

United States Army Corp of Engineers
Vertical

Vitrified Clay Pipe.

Volume 1i Project Management
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Washington Aqueduct Division US Army Corps of Engineers
WomenOwned Business Enterprise

Water Environment Federation

Washington Metropolitan Area Transit Authority
Washington Navy Yard

Water Pollution Control Federation (now known as WEF)
Washington Suburban Sanitary Commission
Zone ofInfluence
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PROJECT DESIGN MANUAL
VOLUME 3 T LINEAR INFRASTRUCTURE DESIGN

1. INTRODUCTION
11 PURPOSE

Volume 3- Linear Infrastructure Design (Volume 3) is the primary guidance document for the design of
water and sewer projects in the District of Columbia (District). This volume supplements the project design
requirements in Volume 1 Project Managemen{Volume 1) of the Project Design Manual (PDM).
Volume 3 of the PDM presents design criteria, standards, and procedures to be used for the design of all
linear infrastructure projects within the District. The goal is to provide a consistent design aphadach
meets the District of Columbia Water and Sewer Authority (DC Water) design requirements. Volume 3 is
written at a level that assumes a working knowledge of engineering principles for the design of water and
sewer infrastructure. Design of lineafrastructure constructed in the District shall comply with this
Volume.

1.2 AUDIENCE

The audience for Volume 3 includes all parties who design water or sewer linear infrastructure in the
District as well as select linear infrastructure outside the Distatitill be maintained or operated by DC
Water. This includes designers, contactors, agencies and developers. The audience for Volume 3 also
includes those who design or construct facilities adjacent to water or sewer linear infrastructure.

The Project Dsign Engineer (PDE) is defined as the individual responsible for designing the ,project
specifically the individual or firm who is in res
regulatory requirements. The PDE may include, but is nutdd to:

1 DC Water staff.

Partes under contract with DC Water.

District Departmets (DDOT, DOEE, DPR, or others).

Parties under caract with District departments.

Private entities (such akvelopers or property owners).

Parties undecontract withprivate entities.

Any party involvedwith design of water and sewer.

Any party involved with design of facilities adjacenttater and sewer infrastructure.

Public private partnerships or other joint ventures involving any of the above parties, and parties
responsible for designing water or sewer infrastructure for any of the above parties.

The PDE shall ensure the project design complies with all requiteroithis Volume.

=A =4 =4 =4 -4 -4 -8 4

1.3 ORGANIZATION OF VOLUME 3

The Project Design Manual is organized into three volumes. Refer to Volume 1 forlavieigh
description of the items included in each Volume. The scope of Volume 3 includes additional
requirements specifio linear infrastructure.

Sectionli Introduction i Describes the purpose of Volume 3, its audience and organization, as well as
other administrative requirements.

Section2 7 Opinion of Probable Construction Cost (OPCC)i Provides requirements and guidelines
specific to the development of cost estimates for linear infrastructure that supplement requirements and
guidelines for cost estimating described in Volume 1
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Section3i Site Investigationi Provides requirements and guidelines for topographic surveys, subsurface
utility investigation, geotechnical investigationadaightof-ways/easements.

Section4 i Water Mains i Provides requirements and guidelines for design of linear water infrastructure.
Section57 Sewersi Provdes requirements and guidelines for design of linear sewer infrastructure.

Section61 Earth Backfill and Lateral Support for Buried Pipes i Provides requirements and guidelines
for applying soil properties to the design of buried utilities and facilities.

Section 7 i Abandonment and Removal of Sewer and Water Systenis Provides requin@ents for
showing utility systems that will be abandoned or removed on the drawings

Section8 1 Corrosion Control 7 Provides design requirements and guidelines to protect existing and
proposed linear infrastructure from corrosion.

Section91 Protection of Utilities i Provides requirements and guidelines for design of utilities and other
buried objects that are located near, adjacent to, or crossing infrastructuce operated, or maintained
by DC Water.

Section 10 T Water Body Crossingsi Provides requirements and guidelines for design of linear
infrastructure crossing water bodies such as the Anacostia River, Rock Creek, drainage ditches, swales, and
other areas that convey storm water runoff.

Section 11 7 Bridge Crossings i Provides requirements and guidelines for design when linear
infrastructure is attached to bridges.

Section12i Erosion and Sediment Controli States all designs shall comply with regulations for erosion
and sediment control in accordance with DOEE.

Section13i Standard Specificationsand Detail§ Pr ovi des requirements for us
specifications and details in the design

While not part of the PDM, the DC Water Standard Specifications and Guide Specifications lal#eavai

to provide consistency in design and quality of constructed projects. Standard Specification sections are
available athttps://www.dcwater.com/desieandconstructionstandards Guide Specifications can be
provided in both hard copy and electronic files upon request. All constructed work shall comply with the
requirements of DC Water Specifications.

14 DESIGN MANUAL REVISIONS

This Volume 3 datedJuly 2018) supersedes all preuss versions of Volume 3. Volumeid3s a fAl i vi ng
document, and, therefore, will be periodically revised.

Users of Volume 3 are encouraged to propose revisions to the manual that will improve its usefulness for
all designers. To propose a revision, congary DC Water employee or onsite program manager. The DC
Water employee or program manager can then access the website below to submit the proposed revision
for review. The DC Water employee or program manager will receive a tracking number and si@tes up

via email regarding acceptance or rejection of the proposed revision. Proposed revisions will be evaluated
by the Supervisor, Standards and Specifications group, and other relevant stakeholders within DC Water.
All revisions to the Design Manualqgeire the approval of the Chief Engineer.

https://dcwater.sharepoint.com/sites/eng/dets/ssdocs/Lists/Feedback%20Form%20%20 St 0U
Tiles.aspx
In future updates, changes from the most previous revision will be denoted with a side bar in the margin

next to the portion of the specification that was changed. This version is a significant rewrite so specific,
individual changes are not denoted.

15 COMPLIANCE AND DEVIATIONS

Existing infrastructure need not be upgraded to meet the requirements of Volume 3 until it is repaired,
replaced, or rehabilitated. New infrastructure and infrastructure that is being replaced or rehabilitated shall
be designed imaccordance with Volume 3Repairs may be designed to the requirements of Volume 3 or
the requirements that were in place at the time the infrastructure was built. The determination of which
design criteria to use will be the sole responsibility of DGaNa
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Onetime, project specific deviations from the requirements of Volume 3 shall comply with the deviation
procedures described in Volume 1. Additionally, proposed deviations may be submitted to any Director
within the Engineering Division. Any Diréar within the Engineering Division can approve a project
specific deviation. Approved deviations shall be in writing to be valid.

1.6 PROFESSIONAL REQUIREMENTS

Professional requirements shall comply with procedures as described in PDM Volume 1. Afsmiele
signatures shall comply with the appropriate District regulations.

Requirements in Volume 1 and 3 do not supplant sound engineering judgement or the need for the PDE to
exhibit responsible charge of the project design. The PDE has ultimatesidépaharge of the project

design and shall ensure the design complies with relevant volumes of the PDM and is consistent with the
contents of the Standard Specifications, Supplemental Standard Specifications, Guide Specifications,
Project Specific Speftcations, and sound engineering judgement. If there are any conflicts between these
documents or the requirements therein are not appropriate for a given project, submit a design
recommendation to DC Water with a request for a deviation to the requitsemen

1.7 REFERENCES

Documents referenced herein shall be latest version.

DC Water Project Design Manual
Volume 37 Linear Infrastructure Design Page 31-3
July 2018



THIS PAGE IS INTENTIONALLY LEFT BLANK

DC Water Project Design Manual
Volume 37 Linear Infrastructure Design Page 31-4

July 2018



2. OPINION OF PROBABLE CONSTRUCTION COST (OPCC)
2.1 PURPOSE

The purpose of the opinion of probable construction cost (OPCC) is to provide a reliable construction cost
estimate for DC Water funded projects throughout the life of the project (i.e. planning, design, and bidding
process). OP CC06 s naibledisca managanent atlevely stage of the groject to avoid
setbacks, delays, and/or cancelation of the project. In addition, the OPCC serves as the benchmark for
analyzing bids and is a crucial component in the project approval process. Note ttas apjlpes only to

DC Water funded projects.

2.2 ESTIMATING METHODS

There are a few basic methods to develop the OPCC: actual cost, historical data, and a combination of
hi storical data and actual cost . A dofodetdrmimng t i o n
the OPCC. The use of historic data from recently awarded contracts isedfeosve technique to develop

the OPCC, though solely relying on historic data may not be applicable when the data is based on a non
competitive bidding environemt. Use bid tabs from DC Water to prepare the OPCC for major components

of work so that quantities and historical unit prices are consistent with the bid line items. Actual cost
approach takes into consideration factors related to actual performaneenafrih(i.e. current labor cost,
equipment costs, material costs, sequence of operations, and a reasonable value of overhead and profit).

2.3 RESPONSIBILITIES

Identify all bid items required for constructing the project and prepare a quantity takeoff andi@P{SC
inclusive of all construction activities. The quantity takeoff and OPCC shall be reviewed by a quality
control reviewer experienced in estimating. The OPCC shall also be checked by the DC Water Project
Manager or designee. The final quantitiyetaff and OPCC shall be signed and sealed by the Engineer of
Record.

24 PROCEDURES

Linear projects shall include a line item OPCC based on the Schedule of Prices. Lump sum bids (where
one lump sum price is used for the entire project) shall not be usetkanpirojects funded by DC Water,

unless approved by DC Water. A bid schedule with individual line item(s) listing a unit as lump sum is
known as a mixed bid schedule and is also acceptable. Prepare the quantity takeoff and OPCC using an
electronic spredsheet format or other cost estimating software that can export the final deliverable to
electronic spreadsheet format. Make pdf files of the quantity takeoff and OPCC for each deliverable and
keep a copy in the project file folder.

The quantify takeofand OPCC shall include, at a minimum, the following information:
Project Title: Name of project (i.e. SDWMR 13A).

Project No. Project Number (i.e. F101)

Invitation No.: Invitation Number (i.e. IFB#160020)

Contract No.: The Construction contract number (i.e. 160020).

Prepared By: Person performing the quantity take off and preparing the OPCC.
Reviewed By:QC Reviewer.

=A =4 =4 =4 -4 -4 A

CSI Information (only if multiple disciplines are included in the bid): Construction Specification
Institute Division and Name (i.e. Division 33 00 00 Utilities).

1 Bid Item: The Bid Item obtained from the Schedule of Prices. Items that are contingent shall be
identified as such

I Unit: The unit of measurement for the item, such as EA, LF, or LS.
1 Unit Price: An estimated unit cost for a bid item.
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1 Quantity per Sheet Number:A listing of the quantities of a bid item found on each sheet of the
plans.

1 Plan Quantity: A total of quantities for the entire plan set including general items and the sum of the
guantiies per sheet number.

1 Allowance: Line items with costs set aside for known unknowns. Note there can be multiple
allowances where appropriate to specific project issues.

9 Bid Item Estimate: The total estimated cost for that specific bid item. This isiodthby
multiplying the Bid Quantity by the Unit Price.

1 Contingency: Budget to cover change orders and unforeseeable elements.
I OPCC: Total estimated cost of the contract.

For multidisciplinary projects, submit the quantity takeoff and OPCC in the @®kfo Projects with only
civil/structural/minor mechanical activities need not submit costs estimates using the CSI format.

Activities used in determining the OPCC include but are not limited to:
Reviews plans, specifications, special provisions, antrgencies.
Identify items to be estimated.

Collect detailed cost data for each item to be included in the OPCC.
Define and list work associated with identified items.

Review construction schedule information.

Determine material requirements.

Determineequipment requirements.

Determine labor requirements.

Estimate unit prices.

Add allowance(s).

Add contingencies.

=A =4 =4 =4 =4 -4 -4 -4 -4 -4 9

=

Round estimate up to nearest relevant round number appropriate to the expected level of accuracy.
2.5 CONTINGENCY

Contingency is used to account for change orders and other increases in costs that are unknown at the time
of bid. Apply contingency to all costs, including allowances and markups such as overhead and profit.

The OPCC shall include contingencies listedable2-1 below.

Table 2-1: Contingency To Be WedIn The OPCC

] Construction Cost
Lifecycle Phase -
OPCC < $5M $5M O OPCC OPCC > $10M
Preliminary / CFR 35% 30% 25%
Intermediate 25% 20% 15%
PreFinal / Final 15% 10% 5%

If the PDE believesa particular project warrants a higher contingency, the PDE shall use a higher
contingency and explain on the OPCC why a higher contingency is being used. DC Water may or may not
accept the higher contingency based on the explanation.
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2.6 ALLOWANCES VERSUS CONTINGENCIES
2.6.1 Allowances

Allowances are for known unknowns. An allowance is used to set money aside to address known unknown
without having to issue a change order. An allowance can be set aside for a specific unknown or grouped
with several known unknoms to develop a general allowance for the project. The OPCC can have any
number of allowances.

For example, an allowance is often used to cover the cost of replacing services lines when the material type
is unknown. Copper service lines may not be regulauut lead service lines are. If the material type is
known, an allowance would not be needed. When the PDE does not know the existing service line material
an allowance can be used to account for the possibility the service line will be replaced lienmmid be

lead. In this example, the number of lead service lines are unknown. The quantity of lead lines that may
be encountered is included in the bid line item for bidding purposes. An allowance is used to account for
the cost of replacing addinal lead services lines if more than the known number of lead service lines are
encountered.

2.6.2 Contingencies

Contingencies are for unknown unknowns. If a service line is found to be set in conceeid disommon

backfill, thismay be considereal changed site condition because it is not reasonably expected for service
lines to be encased in concrete. Changed site conditions are an example of an unknown unknown and can
result in a Contractorés c¢change beuseddorcoverthésécostst i s

2.7 ACCURACY AND METHODOLOGY

DC Water relies on the accuracy of OPCCs for budgeting and funding projects. If an OPCC is too low,
then DC Water may have insufficient funding to build the projects and only find this out affepjiet

has bid. If an OPCC is too high, then it is possible another project was unnecessarily canceled or postponed.
Development of an OPCC has an inherent degree of inaccuracy. DC Water defines the methodology, level
of effort, and expected accuracyging information developed by AACE International (AACE) and
presented in AACE 17R7: Cost Estimate Classification System.

Provide the level of effort, methodology, and accuracy for the OPCC in each phase of the project design
based on the following estate classes:

9 Preliminary Design / Concept Finalization Report: Class 4
1 Intermediate Design: Class 2
9 PreFinal Design / Final Design: Class 1

Note: Table 1 of AACE 177 uses relative values for expected accuracy and level of effort. The expected
accuracy value afne (1) at DC Water iplus ten percent-L0%) to negative five percerft5%). The value
of one () for preparation effort is pregt specific.

2.8 SUPPLEMENTAL REQUIREMENTS AND GUIDANCE

Prepare OPCCs in accordance with PDM Volume 1 plus the following supplemental requirements and
guidance.

1 Labor costs, wage rates, and other contractor business factors need not be separate€id the OP
the data used to estimate the costs includes those items. For example, if an OPCC is being developed
for a small diameter water main project and the data used to develop the OPCC is data from previous
bids, and the line items of the previous bidduded labor, materials, operations, and other business
factors, such as overhead and profit, then the OPCC need not separate or describe those items. If this
is the case, document the fact that the input ctatgiders this information.

1 Breaking the OBC into CSI format is not needed for line item bids or single discipline projects.
This includes projects that are predominantly a single discipline and include only minor structural or
mechanical work. Instead, format the OPCC to mirror the SchedBlecek.
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1 All OPCCs shall be dated and include the Engineering News Record (ENR) Construction Cost Index
(CCI) for the date of the OPCC. When using price data from previous projects, document and
correlate the CCI for the date of that information as well.

1 The CClis based on a 2ty average. When relating costs from other areas, regions, and even
suburbs of the District; great care must be taken as costs in the District are often significantly higher
than other areas. Note the CCIl does not havespatzfic to the District. Based on anecdotal
research and data conducted by DC Water, costs in the District have often far exceeded costs in
Philadelphia and Chicago. The only city with a CCI higher than Philadelphia and Chicago is New
York, NY and compesons between the District and New York, NY must also be carefully judged.

1 When escalating the cost to the midpoint of construction, consider current market conditions. The
Consumer Price Index (CPI) calculated by the Bureau of Labor Statisticamesheommonly cited
value of inflation that also has a wealth of ave
always correlate to the heavy construction industry which is more accurately measured by the CCI.
During times of high inflation, annuabkcalation should be higher. During the 1970s inflation rates
(as defined by the CPI) were often as higteaspercentl0% and f or much of the ea
inflation rates were regularly less thavo percent2%). Under normal, average market coroiis,
three percent3%) is an acceptable starting point. When predicting future inflation over the course of
a projectés duration, it is reasonable to rely ¢
particular to the District and/or heagonstruction. For example, in the past copper shortages and
cement shortages have caused inflation in heavy construction to significantly outpace overall
inflation.

1 Notify DC Water, in writing, of any projects if the type of work being performed may not allow the
Contractor to meet participation goals of 32%Nbnority-Owned Business EnterpriéBE) and
six percat (6%) for WomenOwned Business Enterpri§@/BE). In these cases, prepare a corollary
OPCC identifying which line items can, in part or full,saéocontracted to an MBE or
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3. SITE INVESTIGATION

This sectionprovides guidelinesfor performingtopographic sweys, utility surveys, and geotechnical
studies.

3.1 TOPOGRAPHIC SURVEY

3.1.1 Horizontal Control

Horizontal control networks shall comply with the Classification and Minimum Distance Accuracy shown
in Table 3-1 below and published by the Federal Geodetic Control Committee (FGCC) in the 1984
document, Standards and Specifications for Geodetic Control Networks. Survey datum shall be Maryland
State Plae NAD83 with a classification of Secondder, class Il unless specified otherwise by DC Water.
Computation method shall be least squares.

Table 3-1: Minimum Distance Accuracy

Classification Minimum Distance Accuracy
First-order 1:100,000
Seconeorder, class | 1:50,000
Seconeorder, class |l 1:20,000
Third-order, class | 1:10,000
Third-order, class |l 1:5,000

Survey monuments shall be permanent reference points. Recovery sketches for traversestsaditions
include three ties to existing permanent features. When projects require accurate depiction and location of
property lines, a survelp-mark shall be completed in accordance to District survey standards.

3.1.2 Vertical Control

Vertical control networks il comply with the Classifications and Maximum Elevation Difference
Accur acy 0 Fable3i2 below and published by the FGCC in the 1984 document, Standards and
Specifications for Geodetic Control Networks. Survey datum shall be Maryland State Plane NAVD88.

Table 3-2: Maximum Elevation Difference Accuracy

Classification Maximum Elevation Difference Accuracy
Firstorder 0.5
Secondorder, class | 0.7
Secondorder, class Il 1.0
Third-order, class | 1.3
Third-order, class Il 2.0

3.1.3 Survey Data to be Collected

Data collected during surveys shall include, but not be limited to:

1 Location of permanent improvements such as houses, outbuildings, roads, curbs, steps, poles, trees,
pipelines, vaults, manholes, overhead utility lirebmnnels, fences, etc.

9 Location of top and toe grade points, flow lines, rock outcroppings, depressions and changes in
grades and provide spot eldeas sufficient to produce admensional3D) surface model.

1 Location of manholes and vaults, vertaiches, valves, meters, and any other utility structure or
feature found within the survey limits.

1 Invert elevations of all sewers, storm drain and any other gravity piping.
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1 Locate property lines and boundaries.

1 Survey monuments and other reference gsoin

Survey datashallbe 3D andcapable ofgeneratingelectronic 3D topographical maps and be compatible
with AutoCAD. Provide traverse reports, field notes, and electronic data to DC Water with the survey files.
3.1.4 Historic Vertical Controls

The vertical daum information in this section was extracted from Washington District Flood
Emergency Manudbksued by the U.S. Army Corps of Engineers in January 1958. The same information
can be found in more recent revisions of ff@od Emergency Manualvhich isissued periodically by the

U.S. Army Corps of Engineer§able3-3 gives the vertical datum planes used by different federal agencies
and other orgaamations in the District.

Table 3-3: Vertical Datum PlanesAnd Water ElevationsIn Washington, DC

Vertical Datum Plane (ft) Agency
+2.35 Washington Aqueduct and Filtration Plants (WAD)
+2.11 District of Columbia Agencies
+2.11 Potomac Electric Power Company
+2.11 Washington Gas Company
+2.11 Bell Atlantic Telephone Company (Verizon)
+1.98 Anacostia Pennsylvania Railroad
+1.98 Pennsylvania Railroad
+1.41 Washington Metropolitan Area Transit Authorfy¢MATA)
+1.41 Sea Level Datum (1929 General Adjustment; MSL)
+1.41 U.S. Geodetic Survey
+1.41 U.S. Geological Survey
+1.41 Naval Research Laboratory (Bellevue)
+1.41 R.F. and P. Railroad
+1.41 B. and O. Railroad (Alexandria Branch)
+1.26 Sea Levetatum (1912 General Adjustment)
+1.26 Washington Suburban Sanitary Commission (WSSC)
0.00 Low Water Datumi Washington Harbor (LWD)
0.00 U.S. Army Corp of Engineers (Except Wash. Agueduct)
0.00 National Park Service
0.00 Federal Highway Administration
0.00 Washington National Airport
-0.22 Bolling Air Force Base (Bolling Field)
-3.09 Washington Navy Yard (WNY)
-3.29 Anacostia Naval Air Station
-3.29 Washington Naval Air Station

Source: Washington District Flood Emergency Manual, Flood#eti746C, U.S. Army PDE District,
Washington Corps of PDEs, First and Douglas Streets, N.W., Washington D.C. 20025. Issued January
1958, Revised January 1960, Copy No. 537.

To convert Datum Source to District of Columbia Datum, use the positive or reeddterence as shown
in Figure3-1 below:

L —————————————————————
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Elevation +5.8 Elevation+11.0
DC Datum N (WNY) Datum

+2.11 District of Columbia T
Datum

0.00 Low Water Datum

E}I
]
<

-3.09 Washington Navy Yard
(WNY)Datum

Figure 3-1 ConversionTo District Of Columbia Datum

To convert to DCDatum an elevation of +11.0 in Washington Navy Yard Datum, add the negative
difference-5.20, from Table 3. The resulting elevation for the example above is +5.8.

One of the bench marks that has been used for comparison of different vertical daturs pfen€apitol

Bench Mark. The bench mark is the apex of a bronze bolt set in the east window sill of the south side of the
senate wing of the U.S. Capitol. It was placed in position by the U.S. Coast and Geodetic Survey in 1884
and is ins®& Mbéd nAnCapitol

The District of Columbia LowNater Datum is defined as 91.95 feet below the Capitol Bench Mark. This
datum was adopted by agreement with the Corps of Engineers and was subsequently adopted by the
National Park Service. It is the reference for waterficonstruction, maps, charts, bench marks, and other
records of the Corps of Engineers and National Park Service for the Washington area4lgibés3ome

other datum references to the Capitol Bench Mark.

The vertical datum plane shownTiable3-4 for the District of Columbia was once used by DC Water and

D.C. Government agencies such as the Office of the Surveyor, the Department of Publi¢DPdhs
However, although all three agencies have used the same vertical datum plane, the elevation of the project
bench marks used by the thi& agencies is almost never the same. This is also true for the elevation of
water and sewer bench marks.

Table 3-4: Datum ReferencedTo Capitol Bench Mark Elevation
Elevation (feet) below
Capitol Bench Mark

Datum Source

D.C. Low Water Datum 91.95
U.S. Geodetic Survey 90.54
District of Columbia 89.84

3.1.5 Base Maps

Base maps shall include the data and follow the requirements found in the DC Water Computer Aided
Design (CAD) Manual.

Show contours on base maps with a vertical distance that supports the accuracy required by the design. The
default contour spacing is er(1) foot for minor contours and five (5) feet for major contours. However,
based on the existing grade, finished grade, and accuracy of the finished surface, evaluate the need to show
minor contours at six (6) inches for flat grades or two (2) feettbmp grades.
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3.1.6 Geographic Information System (GIS)

DC Water utilizes a GIS map to show approximate locations of utilities. This GIS information does not
have the accuracy necessary to meet survey tolerance requiréonémtating utilitiesand shall nbbe
substituted for Level B or higher subsurface utility location identification as required by S&etion
Additionally, depiction olutility locations on mapand drawings usinGIS data pointshall not be used

in place ofa topographical survey.

3.2 SUBSURFACE UTILITY ENGINEERING

Utility designations shall be performed during design as describe@l/&SCE 3802 to identify
underground utilities. Unless otherwistated, the minimum utility survey designation for locations
anticipating excavation work shall be Level C. Level A is required when an excavation will be within 12
inches of an existing water or sewer utility. Level B is required for new water and asse¢s that will be
located within twd2) feet of other buried utilities. Levels B and A may be required in othés)sfeecific
circumstances when directed by DC Water.

33 TEST PITS AND PAVEMENT CORE SAMPLES
3.3.1 Test Pits

Select the quantity, location, addpth of test pits based on an analysis of location, condition, record search,
construction or rehabilitation, aride deepest pipelinesearthe pipeline in question. Quantity, location,
and depth shall be approved by DC Water prior to execution ofitestlp certain cases, DC Water may
require a deep soil boring to the invert level of the deepest pipeline.

Submit all test pits results, data, and reports to DC Water and show test pit locations on Contract Drawings.
3.3.2 Pavement Core Samples

Pavement coreamples may be required during design for each significant change in restoration condition
or as directed by DC Water.

3.4 GEOTECHNICAL INVESTIGATIONS

This section is provided as a guide for geotechnical work associated with exploration, testing, design, and
construction for infrastructure projects. This Paragraph recommends procedures and policies for
geotechnical investigations, which may vary based on local subsurface conditions.

3.4.1 Geotechnical Investigation

Perform geotechnical investigations for:

New pipelines 16nch and larger in diameter.

Projects where thrust blocks on new water mains will be required.

Projects with tunnel construction or where rock is expected in the excavation.
Projects with sewer outlet structures to the river.

= =4 =4 =4 A

Projects whererganic or soft soils are expected in the excavation.
1 Projects requiring excavation greater than 15 feet.

Preform the geotechnical investigation so that the geotechnical report is complete prior to completion of
the preliminary design.

The number and lodan of borings isdependentipon the projects constraints, site conditions, and many
other factors, but when borings are required they should be spaced no farther than 1000 feet apart. A typical
new transmission main would usually have borings locatexy &89 feet, but this could also vary based

on expected soil conditions and other factors.
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3.4.2 Subsurface Exploration Plan

Prepare a subsurface exploration plan showing the location of borings and test pits. The plan shall contain
the following information:

9 Location of boring/test pits.

Locations with a suspected high water table.
Access to boring/test pit locations.

Estimated depths of boring/test pits.

Development of traffic plan (if necessary).

Location of existing utilities.

Locate borings and/or testtpiat the following locations:
Major structures

Pile supported structures

Locations where thrust blocks might be anticipated.
Areas where competent soil may not be available
Areas of suspected corrosive soll

Excavations greater than 15 feet.

1 Every 500feet for pipelines.

= =4 =4 =4 =

= =4 =4 =4 4 A

3.4.3 Data Collection

Takeboring samples and collect data as follows:

1 At five (5) foot intervals except that continuous sampling shall be performed at:

0 The interface between unconsolidated deposits
o From the top of the proposed pipstallation to a minimum of five (5) feet below the proposed
pipe invert.

9 Atlocations of high groundwater.
9 Sample manhole and vault locations to a minimum of five (5) feet below the proposed structure.

9 Take Standard Penetration Tests (SPT) in cohesid@ancohesive soils and obtain samples in
accordance witASTM D1586

1 Take thinwalled tube samples in cohesive soils in addition to SPT samples and obtain samples in
accordance witthSTM D1587.

9 If bedrock is encountered prior to reaching the requirgthdef the borehole, perform a five (5) to
15foot core run in the rock in accordance Wk8TM D2113.

9 Takegroundwater readings.

3.4.4 Field Sample Data

Daily field notes shall include project name, pro
name, and project objective(s).

Describe the samples in the following order:

1 Descriptive information (color, mottling, odor) in accordance W8TM D2488

1 Degree of saturation (dry, moist, percent, etc.).

1 Description of density (from blow count).

1 Soil deschption (layering, grain shape, grading, plasticity) in accordanceA@itM D2488
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1 Other: fossils, weathering, mineralogy and rock types, observed odor, stains/discoloration, organic
content, and depositional information.

3.4.5 Drilling Information

Include the flowing information in the drilling logs:
9 Drill rig manufacturer, model, and driller.
1 Project location, sample point identification and location.

1 Type of sampler, measurements or method of advancing boring or equipment, method of driving
sampler, and weidlof hammer.

9 Drill fluids.

9 Ground surface or grade elevation in accordance with the project bench mark; static ground water
elevation.

1 Depth penetrated, blow counts/¢$8) inches interval of penetration f&&STM 1586and sample

number , as wel | as fANO valu
Closed hole intervals and advancement.
Recovery.

Strata changes and changes within samples.
Sampling tool behavior.

Drill string behavior.

1 Use(s) of sample point or borehole.

=A =4 =4 =4 =9

3.4.6 Logging Rock Samples

When describing rock samples, document the dafi@ilas/s:
Color.

Rock Quality.
Porosity.

Beds.

Thickness.

Contact.

Foliation.

Joints.

Weathering.

Surface.

Hardness.

Texture.

Grain Shape.
Sorting.

Mineral Components.

=4 =4 =4 =4 =4 -4 -4 -4 -4 -4 -4 -4 -4 -8 -4 -4

Rock Classification.
Use capital letters for formation names and rock types.

L —————————————————————
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3.4.7 Laboratory T esting

Perform a minimum of on@l) laboratory test on each soil type encountered

9 Identification tests:

0 Moisture contenfASTM D2216).
0 Sieve analysiSASTM D422).
o Atterberg limits(ASTM D4318).

1 Compaction, compressibility, and strength testing:

Backfill moisture density testingASTM D698, ASTM D1557).
Unconfined compression tq8STM D2166 or Rock ASTM D2938).
Unconsolidated, undraingdaxle test(ASTM D2850.

Consolidation testASTM D2435).

[eNeNoNe]

3.4.8 Geotechnical Report

The geotechnical report shalklude following information:

1 Existing site conditionsincluding accessibility, slopes, vegetation, site geology, seismic
considerations, frost depths, surface water, potential wetlands, and elevations.

Site plan showing boring locations.

Soil classifiation including boring logs with elevations in accordance with the project bench mark.
Standard penetration values and fAiNO values.
Angle of internal friction and cohesion.

Unconfined compressive strength.

In-situ soil density.

Location of ground water tabland estimated seasonal high.

Modul us of soil reaction (E®6).

Allowable bearing capacity.

Allowable passive soil pressure as a function of depth.

Allowable design parameters for uplift and download.

Recommended design parameters.

Recommended constructicechnigues.

Slope stability evaluation of critical areas, recommend stabilization methods and guidelines for
contractor identification or potential slope problems.

=A =4 =4 =4 =4 -4 -4 -4 -4 -4 -4 -8 -4 -4

3.4.9 Contract Documents

Show the location of the borings and the boring logs on the Contractrigiaamd make the Geotechnical
Report available to Contractors at the time of bid.

35 RIGHTS OF WAY AND EASEMENTS
3.5.1 General

Locate water and sewer assets within the public spaceafigtriy in the District. Water and sewer assets
mayalso be located iproperty managed by another government agency if appropriate property documents
provide legal right for DC Water to operate and maintain the assets. Locate water and sewer assets in
easements on private property only after appropriate legal record@ageients. Water and sewer assets
shall not be located in alleys (public or private). Relocate existing service sewers and water mains in alleys
into public space when being replaced
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3.5.2 Railroad Property

Contact the railroadompanyto obtain the latest sef requirements for pipelineccupancy. Railroad

companies usually charge an annual fee for leasing their prdpefyi pel i ne occupancy, b
policy is to make a one (1ijme paymenfor processing the applications. Railroads may not peoaitlll

easement, rather may provide an access agreemenifrgihtry, longterm lease, or similar agreement.

3.5.3 National Park Service (NPS) Property

Design all work to be constructed on NPS property to comply with the National Environmental Policy Act
(NEPA). The requirements of NEPA are met through one of three procedures: Categorical Exclusion,
Environmental Assessment, or Environmental Impact State t . Al t hough it is NP
comply with NEPA, NPS usually requires DC Water provide the technical information required to
demonstrate compliance with NEPA.

A Special Use Permit (SUP) is also required for work constructed on NPS prapeptyor to performing

any design tasks on NPS property, including, but not limited to topographic survey, setting aerial
photography targets, geotechnical work, subsurface utility location, any work that will disrupt the
ground surface or trees, siteitdsand other similar tasks.

These documents are useful when trying to identify requirements for work on NPS property:

1 Special Park Use, NPS3. AiProcedures Workbodk

T Direct or 6s -Q)iCanservatidnPlanhiBygOEnvironmental Impact Analysisi an
Decision Makin@; as well as thassociatediNEPA Handbook

1 DO-28: NBEPA and Historic Preservatian
M Procedural Manual #7Z: iWetland Protectioo.

3.5.4 Private Property

Prepare documents to be filed with theeasbn@ntSur vey
execution.

3.5.5 Rights Of Way and Easement Drawings

During the preliminary design phase, when the required width of aafgh&y or easement for a proposed

water main or sewer pipe extends into property that is not public space, evaluate and show on drawings the
proposed pipeline, righif-way, easement, temporary construction easements, and any other feasible
alignment for the pipelineVerify the ownership ofhe properties and show in the drawings the parcels of
landthatwill be affected Prepare the necessary documents in accordance with requirements rirsutting

the type of ownership of the property where the proposed pipeline will be located.

3.5.6 Width Requirements

Table3-5 gives the minimum widths for rightsf-way and easements for water and sewer pipes of various
diameters. Centelasementsver thepipeline whenever possible

Table 3-5: Minimum Right Of Way / Easement WidthFor Pipelines

S ) Width of Right-of-Way / Easement Centered over Pipeline
Pipeline Diameter
Water Sewer
Smaller than 16" 20 feet 20feet
>16" to24" 25 feet 30feet
>240 to 3 30 feet 40 feet
>36" to42" 40 feet 50 feet
>A42" 50feet 50feet
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When determining the width of a proposed righivay or easement, consider the minimum width listed

in the table above, as well as any additional width necessary to allow for future inspeetiiss,
maintenanceand replacement of the pipelinélso considerthe topography along the alignment of the
pipeline (e.g., steep side slopes that require benching of an area to perform work on the pipeline, deep
excavationsetc), the distance between access points to the-ofgivay or easement, and the &mf
equipment that will be required to perform tlerk. Another consideration in determining the width of a
right-of-way or easement ite potential for damage caused by a break or collapse of the pipeline. The
force of water from a water main break kahe potential to inflict personal injury to the pubdind
significant property damage if the rigbt-way or easement is too small astductures and/or buildings

are constructetbo close to th@ipeline.

3.5.7 Preparation of Documents

Documents requireithclude, but are not limited to
1 Taking Maps.

1 Plat.

1 Meter and Bounds Description.

I Covenant.

The covenant shall include a hold harmless clause for DC Water for any damage caused by a break or
collapse of the pipeline. It shall also clearly specify thellef/eestoration for which DC Water will be
responsible if the pipeline needs to be repaired or replaced. For example, DC Water will not be responsible
for restoring or replacing any trees, landscaping or ornamental work done in the right of way or teasemen

3.5.8 Historic Preservation

Identify projects (or portions thereof) located in DC Historic Districts as such on the construction drawings.
Design projects to comply with all appropriate historic preservation laws, rules, and regulations.

In some of DCWatérs hi storic records, reports and maps, t
transmission mains and the major distribution mains that form the backbone of the water distribution
system, and the term fisecond astrilutioh mains that tredhe mudk i s U S

mains to the grid of service mains from which the local customer service lines are taken.
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4. WATER MAINS
4.1 TYPES OF WATER MAINS

9 Distribution mains (formerly called service mains) provide localized service and include extensive
valve @ntrols normally located at street intersections. These mains form the local piping grid serving
the customers in houses and buildings through customer service lines (conneCligsimer
service lines connect only to distribution mains. In the Distexisting distribtion mains range in
size fromfour (4) inch to 12inch diameter. See SectidrR.2for a description of allowable sizes for
newdistribution mains. Distribution mains could be owned aperated by DC Water or bytt@r
entities, public or private. A given distribution main serves only(@hpressure zone.

1 Transmission mains (formerly called distribution mains) convey water fiempumping stations,
underground reservoirs, and elevated tanks to the distribution ma&issiie is usually 16ch
diameter and larger. DC Water does not allow customer service lines to connect to transmission
mains.There are exceptions when it is the only potable water source in the vicinity but this shall only
occur with written deviation per Sectidrb. There are a significant number of active customer
service lines to transmission mains, but this is being corrected through projects. There are
transmis®n mains in the system owned and operated by DC Water and by the Washington Aqueduct
Division US Army Corps of Engineers (WAD). Transmission mains owned and operated by WAD
are classified as Federally Owned Water Mains (FOWM). Transmission mains sgreesorgle
pressure zone, but must be evaluated for higher pressures near their source, at low points in grade,
and at other similar locations.

1 Raw water transmission mains convey raw water from the river and surface reservoirs to the
treatment plants. Rawater transmission mains in the District are under the jurisdiction of WAD but
are operated and maintained in coordination with DC Water. Pressure in raw water transmission
mains is evaluated on a cdsgcase basis.

f Customer Service clei ne n(eodor ofrwafitweart esrercvonnecti ono)
main or other source of potable water supply to the water distribution system of the building served.
Water service lines are two (2) inches in diameter and smaller; most commonly made of edpper a
one (1) inch in diameter. Water connections are greater than two (2) inches in diameter.

4.2 WATER MAIN PIPE REQUIREMENTS
4.2.1 Pressure

4.2.1.1 Working Pressure

The working pressure (also referred to as the operating pressuggpefisa function of the pipe elgion

and the overflow elevation of the tank or reservoir serving the pressure zone. In the casd’ ¢figie 4
Pressure Zone, the overflow elevation is function of the pressure relief valve and the discharge pipe at the
booster pump stationTable4-1 andTable4-2 show the overflow elevation for each pressure zone and the
ground elevation range that each pressure zone serves.

Table 4-1: Overflow And Ground Elevations For Pressure Zones WesDf The Anacostia

) Pressure Zone
Datum Point ; ; X . :
Low | 1st High | 2nd High | 3rd High |4th High (East)!| 4th High (Westy
Overflow Elevation (ft.) 172 250 335 424 485 510
Ground Elevation (ft.) | 0-70 | 70-140 | 140210 | 210350 350-Above 350-Above

Note 1: 4 High service east of Rock Creek, but still west of the Anacostia
Note 2: 4th High service west of Rock Creek
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Table 4-2: Overflow And Ground Elevations For Pressure Zones Easbf The Anacostia

) Pressure Zone
Datum Point - - - ; ; X
Low | Anacostia 1st High | Anacostia 2nd High | Anacostia 3rd High
Overflow Elevation (ft.) 172 250 335 424
Ground Elevation (ft.) | 0-70 70-170 170-Above 170-Above

Most pipes within the water system are installed at an elevation within the range of ground elevation shown,
but pipes listed below are outside the elevation range showabie4-1 andTable4-2;
1 2"9High Pressure Zone:
o0 20inch/24inch main in P Street NW, as it ases under Rock Creek.
0 42inch transmission main in Tilden Street NW, as it crosses under Rock Creek.
1 3YHigh Pressure Zone:

48inch transmission main in Military Road NW, as it crosses through Rock Creek Park.
12 inch main in Military Road NW, as @rosses through Rock Creek Park.

16inch main in Western Avenue NW (extended), as it crosses through Rock Creek Park.
48inch transmission main in Park Place NW, to Bryant Street Pumping Station.

16inch transmission main in Michigan Avenue NW.

1 Anacostia 3 High Pressure Zone:

o 30inch transmission main in S Street SE, from Anacostia Pumping Station.
0 24inch transmission main in 18th Street SE, from Anacostia Pumping Station.

When design includes work on the pipes listed above, a detailed analysis gieafiobmed to determine
the working pressure, surge pressure, and hydraulic test pressure.

When multiple water mains of different pressure zones are in a single rqdd@ayaterwill detemine
which pipe is to be in which pressure zone and which custamndcs lines connect to which pipes.

See Appendix A for a map of the pressure zone boundaries.
4.2.1.2 Surge Pressure

[eNeNoNeleo)

The following conditions are some of the considerations that should be evaluated to determine if a surge
analysis is warranted:

9 Existence of pmps on the system.
Isolation valve actuation.

Control valve modulation.

Discharge condition of the water system.

=A =4 =4 =4

Potential for power failure.
1 Potential for line break or rupture.

Use a minimum surge pressure allowance of 100 psi for the design of alimeates. Design the system
to prevent and/or minimize the need for mechanical surge control sysféies1 mechanical surge control
systems are necessary, evaluate the following control systems as possible methods to control surge:

1 Flywheels.

Standpipes.
Hydro-pneumatic tanks.
Oneway tanks.
Combination air valves.
Surge anticipation valves.

=A =4 =4 =4 -4 =9

Pressure relief valves.
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4.2.1.3 Test Pressure

The default pressure for hydrostatic pressure and leakage testing is 200 psi unless the PDE, with the
approval of DC Waterdetermines a different test pressure is necessary. If a test pressure other than the
default test pressure is used, the minimum test pressure shall be 1.5 times the working pressure or the
working pressure plus the surge pressure, whichever is gréasepressures, other than the default test
pressure, shall be explicitly stated on the design drawings and/or specifications.

4.2.1.4 Design Pressure

Design pressure is the maximum pressure that the pipeline is expected to be expdsedte.maximum
pressure amhe design pressure as determined from the following equations:

Po=PRyx 1.5
PD = PW + Ps_

Where:
PD = Design Pressure
Pw = Working Pressure
Ps = Surge Pressure

4.2.2 Sizing

The minimum allowable size of pipe for a water main is six (6) inches if the wetier is not used to
supply water for fire protection. The minimum allowable size of pipe for a water main which is used to
supply water for fire protection &ght @) inches. Existing pipe not meeting these requirements will be up
sized when the pipis replaced. DC Water may consider exceptions to the minimum allowable pipe sizes
based on demand, fire protection, and water quality concerns.

Design water mains with a minimum pressure of 35 psi at the curb during peak hourly flow and a residual
pressue not lower than 20 psi during maximum daily flow plus fire demand.

4.2.3 Water Main Pipe Material

The selection of pipe material primarily depends on the design pressure, corrosion protection, and location
of the main. However, DC Water has determined that all buried water mains six (6) to 64 inches in diameter
shall be cement mortar lined ductilenrpipe (DIP) with an exterior coating and pipe classification meeting

the requirements of the Standard Specifications published by DC Water. Materials other than DIP are
acceptable only as directed in writing by DC Water for a specific project.

Pipe largr than 64 inches in diameter shall be evaluated on abyasase basis to determine the pipe
material to be used. Recommendations will be reviewed by DC Water for appropriate and acceptable use.

In areas of known green infrastructure, give special ideration to pipe material and location due to
increased possibility of corrosion on the pipe. Where DIP is not used, provide justification for the selected
material proposed to be used.

Refer to Sectiol Corrosion Control for corrosive conditions under which DIP may be replaced with a less
corrosive material. Polyvinyl chloride (PVC) pipe may be an acceptable material in corrosive conditions
whenapproved by DC Water. When allowed, the minimum thickness of PVC pipe shall have a Dimension
Ratio of 14 and Pressure Class of 305 psi in accordanceAWitWA C900. Note thatAWWA M23, 2

Edition uses a different pressure class rating for DR 14 budA\WawvA, M23 will be updated in the'3
Edition to matcl AWWA C900.

4.2.4 Water Main Pipe Joints
Pi pe joints for buried pipes shall foll ow DC Wat e

smaller than 16 inches in diameter.

When deflection of jpe joint is necessary, design for a maximum permissible joint deflection not to exceed
7% o0f the manufacturer 6s r ec o%njoid deflextion tolerance Twhedns pr o
compared to the Standard Specifications) available for use durisguction.
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4.2.5 Water Main Pipe Fittings

Fittings included in the design shall comply with

The following types of fittings are allowed:

1 Bends (90, 22 1/2, 11 1/4, and 5 5/8 degrees).
Tees and crosses.

Tapping sleeves and valves.

Plugs and caps.

Reducers.

Adapters.

Solid mechanical joint sleeves (for connection of 12 inch and smaller diameter pipe water mains to
existing cast and ductile iron pipes).

1 Sleeve type couplings (16 inch and larger diametes)pip
1 Transition solid sleeves.
9 Offsets.

Use crosses only if other configurations are not possible and after receiving written approval from DC
Water. Designs that limit or eliminate their use shall be considered.

For fittings 48 inches and smaller, desigging standard size fittings complying witWWA C110. In

special circumstances and when approved by DC Water, fittings complyindAWIWA C153 may be

used. For fittings 54 inches and larger in diameter use compact fittings complying\WNhA C153

Redrain all fitting unless approved otherwise. Buried flanges are to be used only when approved by DC
Water. PVC fittings may be considered when installing PVC pipe, but only after receiving written approval
from DC Water.

= =4 =4 =4 4 =

4.3  ALIGNMENT REQUIREMENTS
4.3.1 General Considerations
Perform the following activities antbnsiderthe conditions identified below when establishing a pipeline

alignment.

1 Identify and locate all existing and proposed utilities and structures before selecting the location of
the pipeline.

1 Align the pipeline parallel to the property lines, rightsvay or easements as much as possible. This
is necessary for conformity in the utilization of public space and for locating the utility in the future.

9 Locating structures oveigelinesis to be avoidednd are permitted by exception only. See Section
9.7for activities required tobtain an exception.

9 Pipelines located inside the Zone of Influence (ZOl) shatidfer building loads around water and
sewer pipelines.

1 In existing streets align the pipelinghere possiblap avoid the removal of trees and landscaped
areas.

1 When the pipeline must be located outside the public-affatay, the alignment shall Iselected to
minimize disruption of environmental features.

1 Avoid steep slopes, wetland areas, trees, and other environmentally sensitive areas.

9 For pavement restoration and future work considerationgipieéinedesign should stop short of
intersectios curb returns when intersection restoration is not a part of the project.

1 When intersection work or restoration is included in the projeqtigedineshould include the entire
intersection and extend through the intersection, beyond the curb return.
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1 Consider thanformation found in the gptechnicateport when selecting the horizontal alignment.
The existence of rock, groundwater elevation, and poor soils that would require special backfill,
bedding, or foundation support are important factors in adégrt selection.

1 SeeDC Water Green Infrastructure Utility Protection Guidelirfes guidance on the design and
construction of green infrastructure adjacent or connected to DC Water utilities.

1 DC Water is not responsible for maintainipigelinesbeyond an obstruction in the public space.
4.3.2 Horizontal Alignment

The location of distribution mains depends on the width of the street. If the streaifrighy is 90 feet

wide or less, only ongl) water main is required to service the lots, and it béllocated siX6) feet from

the curb line and within the travel or parking lane. If there is an existing wall (or retaining wall or other
obstruction) a five (5) foot minimum separation is requitéidure4-1 shows the typical location for streets
less than 90 feet wide.

If the street righof-way is wider than 90 fedhe lots are usually served by dual distribution meorieep

the length of the customservice lines to a maximum of 50 feehe(1) on each side of the street. Dual
distribution mains were sometimes installed in streets where streetcar tracks existed. DC Water approval is
required for customer service lines greater than 50 feetFigerme4-2 for utility separation requirements

in rights-of-way greater than 90 feet.
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Figure 4-2: Typical Location Of Utilities In Streets Greater Than90 Feet Wide
4.3.3 Vertical Alignment

Designthedistribution mains with a minimum depth of fqd) feet from final grade to top of pipe. Design
thetransmission water mains with a minimum cover of four and a(4#dlf2) feet from final grade to the
top of pipe.

Adjust high and low points to allowraelief and drains to be located outside intersections. Depth of pipe
may be greater than the minimum bury depthch is shown orrigure4-2 for utilities regardéss of the
width of the street.

When selecting the vertical alignment of water mains verify the alignment does not interfeegistitiy
buried utilities. Prepare profilefawingsshowing interferences and crossing utilities.

4.3.4 Vertical and Horizontal Separation From Other Utilities

Exceptions to the horizontal and vertical clearances defined in this manual require a DC Wdigiroae
deviation approval as described in Sectidn

Designthewater lines to run above sanitary sewer lines. No water pipe shall pass through or contact any
part of a sewer manhole.

The minimum vertical clearance between water mainssandary sewer and other utilities shall be 18
inches (outside of pipe to outside of pipe) unless otherwise approved Wal¥E. Separation distances
are shown irFigure4-1 and are applicable regardless of the width of the street.

The minimum horizontal clearance between water mains and sanitary sewer shall be ten (10) feet (outside
of pipe to outside of pipe), DC Water may allow deviation on a-bgsmse basisf supported by data
from the design engineer and shall only be approved of in writing.
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The minimum horizontal clearance between the water lines and other utilities Sioall 68 feet.

Where four (4) feet separation is not available, the separastande may be reduced to three (3) et

as required to permit excavation of the pipes without causing interference to the adjacent pipe using the
minimum trench excavation widtissh own i n DC Water 6s Standard Det ail
Additionally, the design shall require the trench backfill to be CLSMdegthof one () foot above the

pipe and, if shoring/piling is used, the shoring/piling shall be required to remain in place to an elevation

not less than the top of the pipe but below theliieisgrade at a distance that will not obstruct final

backfill and compaction requirements for pavement and other finished surfaces.

Maintain a minimum distance of five (5) feet from wallructurespr other similar obstructions.

The following conditionsequires special design to prevent cross contamination of the water main from the
sewer:

1 The minimum horizontal separation between water and sewer cannot be met.

1 The minimum vertical separation when the sewer crosses below the water main.
9 The sewercrosses above the water

Special design to prevent cross contamination of the water main from the sewer shall include one of the
following:

1 Both the water main and sewameconstructed of materials that are approved by DC Water for
pressure pipe with jota that are equivalent to water main standéwda distance of nin€) feet on
each side of the crossing. The center (longitudinally) of the pipes shall be located at the point of
intersection so the joints are equidistance and as far from the crasgwogsible. The sewer pipe
shall be pressure tested in place without leakage prior to backfilling.

1 Both the sewer and water main shall be encased in concrete or placed within a steel cylinder casing
with the annular space filled with general purposatratied lowstrength material (CLSM) as
defined in the DC Water Standard Specifications.

1 The water main shall be constructed per DC Water Standard Specifications and the existing sewer
shall be lined with CIPP per DC Water Standard Specifications.

If a new water main crosses an existing sewer pipe, but the sewer pipe is not being exposed, the sewer need
not be upgraded to meet these special design requirements. Adequate structural support shall be provided
for sewers crossing over water mains to préecessive deflection of the joints and the setting on and
breaking of the water mairkor additional requirements for separation between water and sewer lines, refer

to sectiorb.6.1

4.3.5 Pipeline Drawings
Preparedrawingsusingplans and profilesInformation shown on pipeline drawingballinclude, but is

not limited to:

1 Typically, all horizontal information is shown on plans and vertical inforomais shown on profiles.
Exceptions to this may be required and/or authorized based on the complexity of the project and other
project specific needs.

9 Preparing pofiles for all water maingight @) inches in diameter and greater.

1 The existing surfaz over the centerline of the pipeline profile, including an existing surface elevation
callout in the profile grid.

1 The final surface over the centerline of the pipeline profile if different from the existing surface,
including a finish surface elevatioaltout in the profile grid.

i Station and elevation of the pipeline at all changes of horizontal or vertical aligr8tegign and
elevation of each change in vertical alignment shall be shown in prBfilewater mains, station of
each change in horizontal alignment shall be shown on the plan.

i Station and elevation at every low and high point on the pipeline.

1 Size, service type, and location accuracy of existing utility crossingsation accuracy sl be
Level A, B, C, or D for buried utilities as defined A$CE 3802. Additional call outs of stationing
and elevation shall be included as warranted based on design needs and the level of location accuracy
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1 Includetheelevation of the tee to fire dyans. Long hydrant leads may include a profile per the
PDEds DC Wdgment 6 s

9 Limits of restrained joints when thmessuregipeline is not fully restrained

1 Concrete thrust restraints, pipe anchors, cut off walls, and all appurtenances necetaamthe
complete design of the pipeline.

4.4 THRUST RESTRAINT DESIGN

Thrust restraint is required for all pressure pipes at locations including, but not limited to bends, tees,
reducers, dead ends, offsets, and valves. See the Standard Specificatitmwsdbte restrained joint types.

4.4.1 Pipelines 12 inch Diameter and Smaller
Joint restraint shall be included at all joints on pipelines 12 inches diameter and smaller.
4.4.2 Pipelines Largerthan 12inches

Pipelines larger than 12 inches shall include restrained joints for a length calculated using the methods
described ilAWWA M41. Use the criteria ifable4-3 to calculate thrust and joint restraint length.

Table 4-3: Thrust Restraint Design Criteria

Variable Criteria
1 Working pressure plus surge pressure
Pressure (whichever is greater) 1 Working pressure x 1.5
1 200 psi
: : 1 Actual soil type
Soil Type for Bearing Strength
yP g g 1 Soft clay (if soil type is unknown) or 1000 psf
Safety Factor 1 Two (2
Trench Type or Laying Designation 1 Two (2
All other variables 1 Perdesign conditions

4.4.3 Combination of Bends and Fittings

Provide continuous restraint of the pipeline between the bends and fittings, and analyze the section of the
pipeline containing the bends and fittings asngle unit

4.4.4 Types of Joint Restraints

DC Water has approved specific joint restraint systems for use on pressure pipe. The approved joint
restraint systems are included in DC Waterdés Stan

4.45 Concrete Thrust Blocks

Thrust blocks may only be used:

1 On the existing pipe when coacting new pipe to existing pipe, and

1 When the length of new pipe to be restrained exceeds the length of pipe to be installed.
1 Approved otherwise by DC Water.

If the length of new pipe that needs to be restrained to resist the thrust exceeds thef Ipipgtiio be
installed, an idine thrust block is required unless the existing pipe is fully restrained and the new pipe is
fully restrained against the existing pipe.

Refer to DC Watero6s Standard Det aididinethwstbldcksr ust b
Refer to additional information in this Design Manual regarding connections to existing pipe.
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Design of concrete thrust block for pipelines shall include the following considerations and activities:

91 Verify a sufficient area of wbstructed (no utilities, etc.) soils is available to allow for the required
thrust block size.

1 Perform a geotechnical analysis including at least(byest boring located at each thrust block
location.

1 The soil at the proposed thrust block locationldieave a standard penetration test blow count (N)
greater than teflL.0) and the soils shall not be organic material.

9 If the condition stated above does not exit, the use of piles or replacement esithesivil with
structural fill within the ZOI of he thrust block is required.

1 Determine if overhead power lines, telephone lines, trees or any other existing structure that may
interfere with pile driving operations when the design includes piles.

1 When concrete thrust blocks are installed on fittingsdheneareach other, ensure that sufficient
room exists so that the concrete blocks and passive pressure soil zones do not overlap.

9 Locate thrust blocks such that the soil passive pressure ZOI does not affect other utilities or
structures.

1 Include piles in the design of the thrust block if future excavations within the ZOI of the thrust block
are likely to occur.

1 Ensure a minimum soil cover over thrust blocks of 18 inches.

9 Account for the slope of surfaces that are ten (10) degrees or more from gomtabin the design
calculations.

9 Design the thrust block for submerged conditions.
1 Show thrust blocks and piles on drawings at scale.

4.4.6 Combined Restraint Systems

When using thrust blocks, the thrust block system and restrained joint system shall beddesign
independently of the other and incorporate both systems into the piping system.

4.5 ANCHORING PIPE ON STEEP SLOPES

Pipe installed at slopes between 20% and 50% shall follow DC Water Standard Details. Pipes installed on
slopes greater than 50% require special design be submitted to DC Water.

4.6 EXPOSED WATER MAINS

Exposed water mains shall be flange joint DIP, unlegsosed otherwise by DC Water, with adequate
expansion joints included. The pipe shall be coated to protect the pipe from the elements, UV, and corrosion.
Coating selected shall ensure the design life of the water main and be approved by DC Water.

As partof the design, evaluate the water main for potential freezing. Submit calculations, for review, with
the assumptions and method used for the analysis clearly indicated.

Design exposed pipes with insulation or active heat tracing to protect againsifr&egiport and protect
insulation and heat tracing from damage with a suitable shield. Design for any future maintenance
requirements.

See Sectioi1 Bridge Crossings for the design of pipeline crossings on bridges.
4.7  WATER MAIN APPURTENANCES
4.7.1 Valves

Valve size shall be the same size as the pipeline. Pipes 12 inches and smaller shall use gate valves.
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For water mains greater than 12 inches, designaoagidera butterfly valve in a valve vault or manhole
in accordance with DVavée¥mnstaded ihthe Brizentalghasitiod ardddistoaragéds
and shall only be allowed in specific cases as approved by DC Water.

With DC Water approvalinsertion valves may be used on existing pipelines to facilitate or eliminate
problems associated with the shutdown of a pipeline. Insertion valves shall not be used unless necessary. If
insertion valves are used perform the following prior to includmiipé design:

9 Provide calculations showing adequate restraint is provided for the valve.
9 Evaluate the condition of the pipe to ensure it has sufficient integrity to support an insertion valve.

1 Include in the design specific qualifications for the contmaittstalling the valve and approval of the
materials and method of installation.

4.7.1.1 Valve Location
Valves shall be located in accordance with the following guidelines:
9 All branch connections shall have valves located near the mainline pipeline.

1 In abypasgonnection between a main line and branch line, locate the valve on the bypass near the
largest pipeline.

1 The spacing of valves in the pipeline shall be as follows:

0 12 inch diameter and smaller pipelines: maximum spacing of 1,200 feet or maximum 50 custome
service lines, whichever is shorter.

0 Greater than 12 inch and up to 20 inch diameter pipelines: maximum spacing of 2,000 feet or
maximum four (4) branch connections between valves, whichever is shorter.

o Greater than 20 inch diameter pipelines: maximuatsg of 2,500 feet or maximum four (4)
branch connections between valves, whichever is shorter.

9 All customer service lines three (3) inches in diameter and larger shall have valves located near the
branch connection to the main pipeline.

1 When the water diribution system is looped between streets, the pipeline shall have valves provided
at the end of each street.

4.7.1.2 Boundary Valves

Design of boundary valves (valves located between pressure zones) require special coordination with DC
Water Operations Groupnd the Water Modeling Group. Any boundary valves shown on drawings
(existing, replacement, or new) require the following information be shown in drawings:

9 Label the valve between two (2) zones as a divide in service valve and indicate size.
1 Show the presure zone lines and indicate the zone on each side.
1 Indicate that the valve shall be normally in the closed position.

4.7.2 Air Vacuum and Air Relief Valves

Use the following requirements to determine size and location of air vacuum and air relief valves:

1 Perfam an analysis of pressure pipe systems as described in AWWA M51 to determine
recommended locations and size air vacuum and air relief valves.

1 Minimum sizing criteria for air exhaust shall be determined by the flow rate of filling the pipe.

1 Minimum signg criteria for air intake shall assume a pipe rupture at the low point of the pipe segment
and a discharge rate of@unless the discharge point is into an open sysieme. 506 assumes that
the pipe is buried and the discharge flow of water is impegiesbil or other mediumGreater flows
should be used if field conditions and design assumptions indicate a higher flowrate is possible.

1 Consider accessibility and traffic avoidance when determining the actual location of the valve.
9 Utilize the pipe prble to establish valve locations at high points.
9 Adjust the pipe profile to prevent high points from being in intersections, if possible.
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1 Valves shall be easily accessible for maintenance and repairs.

Selection of air vacuum and air relief valves kmamodel, manufacture, and size) for use in water piping
in new locations shall be approved by DC Water and shall:

1 Be designed for water service.

1 Be of the type that allow personnel to perform maintenance, repairs, and replacement without
entering aconfined space.

1 Be fully contained within an integral valve containment system.

1 Prevent contamination from a cressnnection and backflow into the water main by venting above
grade with an air gap that meets the requirements of AWWA M14.

Selection of air vacuum and air relief valves at existing installations shall have the same properties as valves
at new installations except that the valve shall be installed in the existing containment system.

Design air vacuum and air relief valvesrmw pipe as follows:
1 The branch tee shall be twice the diameter of the required valve size.
1 Whenever possible, the valve shall be designed to be installed directly over the crown of the pipe.

1 When installation over the crown of the pipe is not feasibketee shall be designed to be installed at
the crown of the pipe with the pipe to the air vacuum and air relief valve:

0 Being reduced to the same size as the air vacuum and air relief valve after the tee.
0 Having a minimum slope upward of two (2) percemtacd the air vacuum and air relief valve.

1 Valves shall be designed with air intake and exhaust 12 inches above the ground or 12 inehes abo
the 100 pa flood zone, whichver is higher.

Air vacuum and air relief valves installed on existing pipe may be designed with a tap and corporation stop
provided that the air vacuum and air relief valve are two (2) inch and smaller.

4.7.3 Drain Blow-offs

On pipelines 14nch diameter and smaller, drainobloffs are generally not required. DZater may

require drain blowoffs to be installed when necessary to facilitate draining the pipeline.

On pipelines 16 inch diameter and larger, install six (6) inch drain blowoffs:

1 Atlow points or wherever it is pos$#that drainage will be required.

1 Adjacent to a mainline valve when it may be required to drain the pipe if the valve is closed.

With approval from DC Water, fire hydrant installations may be used as drain blowoffs to drain the pipeline,
if the hydranttee is located at the low point of the pipeline and the hydrant provides sufficient drainage
from the pipeline to evacuate a majority of the water from the pipe.

47.4 Check Valves

This section does not address check valves used in pump stations or backflentgoseused for cross
connection control and backflow prevention. For check valves related to operation of a pump station, refer
to Volume 2 of the Design Manual . For backflow pr

Check valves on maimmles shall only be used on a case by case basis and must be approved by DC Water.
Design check valves to be installed in vaults. Vaults shall include:

1 An access opening large enough to remove the check valve.

9 Isolation valves upstream and downstrearthefcheck valve.

1 A full-size bypass around the check and isolation valves, unless approved otherwise by DC Water.

1 A valve that is normally closed on the bypass.
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4.7.5 Fire Hydrants

All design including new hydrants shall be submitted to DC FEMS for review.
New hydrants shall be primarily located near intersections.

Spacing between fire hydrants shall be dictated by the following (whichever yields hydrants spaced closest
together):

1 Maximum spacing of fire hydrants shall be 400 feet.

1 When existing water mairege replaced, fire hydrants shall be spaced at distances nominally equal to
the existing spacing.

1 When roadways have medians, hydrants shall be placed on each side of the roadway (such that fire
hoses from the hydrant to a burning building would not diossnedian).

1 Principal arterials shall have hydrants placed on each side of the roadway (such that fire hoses from
the hydrant to a burning building would not cross the roadway). Principal arterials are defined by
DDOT on theDistrict of Columbia Functipal Classification Mapr other documents published by
DDOT.

1 Asdirected by DC FEMS.

Fire hydrant leads shall be six (6) inch in diameter and have a six (6) inabfisbalive in a separate casing.
Hydrants shall be setfraining and have a gravel dwe | | for drainage as shown |
Details.

Design hydrants in tunnels with special consideration to accessibility.
Design hydrants to be located:

1 Two (2) feet behind the curb.

1 Installed in the public roadway rigbf-way.

1 Inline with a property lot line (or reasonably close) when a fire hydrant is located between
intersections.

1 With a three (3) foot minimum clear space around the circumference of fire hydrants.

Where fire hydrants are subject to impact by a motor leshdesign appropriate protection such as a bollard
or curb.

4.7.6 Flush-Type Hydrants

Design flushtype hydrants at dead ends in the water distribution system, such adessadk), where
there is noeffective cost alternative for looping the main. Locatesfitype hydrants the same as fire
hydrants.

Flushtype hydrant leads shall be six (6) inch in diameter and have a six (6) inabffslalte in a separate
casing. Hydrants shall be selfaining and have a gravel dry well for drainage as shown in GV r 6 s
Standard Detalils.

4.7.7 Access Manholes For Large Water Mains

DC Water shall approve location of access manholes for large water mains. These access manholes are
placed for consideration of operations, maintenance, and condition assessment.

4.8 CUSTOMER SERVICE LINES
4.8.1 Service Lines

A customer service |line (or fiservice |ineo) is th
The design and construction of customer service lines is governed by the DC Plumbing Code. The minimum
size of service lings one (1) inch but shall be greater if water demand requires.

L ——————————————————
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Service lines are installed by the developer or owner of the property, and they are owned by the property
owner. However, in accordance with D.C. La¥® B Watdt and Sewer Repair and Compeimsaiict of

1976 , \ia€r is responsible for the maintenance and replacement, if necessary, of the service lines in
public space, up to the property line or approved projection.

To distinguish between small and large water servicesMa€r uses the falving definitions:

1 Water service line When the size of the pipe between the public water main and the structure is two
(2) inch or smaller diameter, the service is defined byidIer as a water service line. Typically,
these are services to supply watemdividual houses or townhouses.

1 Water connection When the size of the pipe between the water main and the structure is larger than
two (2) inch diameter, the service is defined by Water as a water connection. Typically, these are
services for prperties requiring a large water supply, like commercial, industrial and apartment
buildings.

Perform calculations to demonstrate the size of service line selected for installation will provide sufficient

head and flow to meet the demands of the intendrdcge. However, in no case shall the flow exceed the

values given ifmable4-4.

Table 4-4: Maximum Flow Rateln Customer Service Lines
Dia. (in) 20 30 40 6 0 80 100/ 120 140 160
Flow (gpm) 30 95 200 590 1250 2220 3400 5500 7600

4.8.2 Service Line Replacement

When a water main is replaced, design the replacement of all lead, galvanized, @izedlemter service
lines in public space. Undersized water service lines are any pipe smalleneéh@ninch or any pipe that
will not supply the required flow angressure as required by the DC Plumbing Code.

During the preliminary design phase of a water main replacement project, identify the location and size, if
possible, of all existing water service lines affected by the replacement by:

9 Searching records at®@Wa t ePerthisOperations

T Searchi ng r e c oledctrscal mformddiah Cevitet (E)C 6 s
1 SearchingsIS records

1 Performing dield surveyandsubsurface utilityevaluation

Water connection® a water main shall have a vakig (6) inches in diameter or greater. Customer service
lines smaller than six (6) inches in diameter, therefore, shall include a tee with a six (6) inch or greater
branch, a six (6) inch or greater valve, and a reduatavosizeto the required water conneati pipe size.

The nominal depth of cover required for customer service lines ig4pteet. When the water main is
designed with over four (4) feet of cover, special consideratiomsréising the water connection and
providing elevations on thdrawings), may be required.

Customer service lines shall not be located in driveways.
4.8.3 Combination Customer Service Lines

A single water connection branching into a fire and a domestic service is permitted by the D.C. Plumbing
Code. However, it must be appwed by DCWater in writing and backflow preventer asseighinust be
installedin accordance withodeimmediately after the domestic watard fire service are separaiadide

the building.

To determine the size of combined service line requiredthesBC Plumbing and Fire Codes to calculate
the size of pipe required for each type of service as if it were installed separately. Then use the following
formula to determine the minimum size of the combined service line allowed.
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(Dd2 + Df2)0'5 = D..
Where:
D4 = Diameter of the domestic service pipe required.

D: = Diameter of the fire service pipe required.
D. = Dimeter of the combined service pipe required.

Small diameter combined service lines, two (2) inch diameter and srselteng residential pperties
maybe sizedor the service with the greatest demasdequired byhe District Department of
Regulatory AffairdDCRA).

4.8.4 Water Meters
Water meters two (2) inch and smaller are classified as small water nheizate snall water meterin

thesidewalk or tree spa@nd hous¢hemi n a met er pit i n accordance wit

Water meters larger than two (2) inches are classified as large water meters. Large meters shall be located
outside the buildingn a meter vaul(in pubic space where possible)

Whenno sidewalk or tree space is availgbteatethe meter in an accessible location in public space.
Meters shall not be located behind any retaining walls or similar obstructions. Install water meters away
from existing tees.

Meter housingand lics installed in traffic areashall be rated for 20 loading.

During installation of a new or replacement water maater meters located inside a building or iivate
propertyshall be relocated to public spadéo premise(address) shall have more than dqag meter
monitoring/tracking water consumption.

4.8.5 Temporary Water Services

When shutdown of a water main is required for replacement or rehabilitation, the design shall require
temporary water service, including fire pgotion, be provided to all customers.

4.9 CONNECTING NEW WATER MAINS TO EXISTING

Determine the pipe material, alignment, and depth of the existing water main. Branch connections to water
mains shall be designed with a tee cut into the existing main and radtadted on all threé3) mains near

the tee. Crosses may only be used with prior written approval from DC Water. For allowable uses of
tapping sleeves or saddles and valves, see below. Show pipe information and branch connection details on
the ContracDrawings.

4.9.1 Connection to Existing Pipelines

4.9.1.1 Steel, Cast Iron (CIP) and Ductile Iron Pipe (DIP)

For steel pipe, the connection shall be made using ductile iron pipe, fittings, and insulated transition
coupling. For DIP or CIP, a nensulated solid sleevehall be used; however, if the outer diameter does
not match, a transition coupling may be used.

Mechanical joint solid sleeves shall be used on 12 inch and smaller diameter water mains.

Connection to water mains 16 inch and larger diameter may be nsale mechanical sleeve type
couplings.

4.9.1.2 Concrete Pjpe
All connections to concrete pipe shall be coordinated with the pipe manufacturer and approved by

DC Water. Design shall take e accounthe pipe size, joint type, pipe reinforcing, joint locationrutst
restraint, and other factors.

The connection between existing concrete pipe and the new DIP connection pipe will require special design.
If the size of the tap is too large for the size of the existing CP, propose a desigWat&Gor review
andapproval. The design shall include removing a length of pipe and using concrete to ductile iron adapters.
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Evaluate the existing pipeline to determine if a valve is also needed on the main line. If not required, request
approval from DC Water to not includeainline valves on the existing line. The type and locations of
joints to be encountered (bell, spigot, plain end, etc.) shall be identified on the drawings.

4.9.1.3 Prestressed Concrete Cylindrical Pipe (PCCP)
New connections to existing PCCP are prohibited.

4.9.2 Use of Tapping Sleeve and Valves

Tapping sleeves may be used only when the existing pipe to be tapped is ductile iron pipe installed in the
last 70 years and in sufficiently good condition to receive a tapuiittamaging the existing pipe. Prior
written approval from DC Water is required before installation of a tapping sleeve.

4.10 TRENCHLESS WATER MAIN CONSTRUCTION (NEW PIPE)

Trenchless construction methods are considered viable methods of construction by DC Water. When
trenchless construction is considd, the design shall include performing appropriate studies, evaluations,
and site investigations to gather the information necessary to determine if trenchless construction is
beneficial and feasible. Studies and investigations that will provide ustfrhation include, but are not
limited to:

1 Geotechnical investigation.

9 Utility location evaluation.

1 Subsurface locating investigation.
9 Access pit locations evaluation.

4.10.1 Directional Drilling

4.10.1. Preliminary Evaluation

Consider environmental impacts includithe location of entry and exit points, space for staging area and
pipe pullback, depth of cover, and disposal of drilling mud and spoils when assessing the feasibility of the
directional drill installation method. Diligently investigate utilities adjdderthe pipeline being installed.

This may require test pitting to verify clearances between the existing pipeline and the other utilities.
Additionally, evaluate the site for adequate room to fuse the joints and string the pipe while it is being
pulled.

Conduct geotechnical investigation with soil borings taken to a depth at least five (5) feet below the deepest
portion of the vertical alignment.

4.10.1.Z5eneral Requirements

Vertical alignment shall be designed per the guidelines in ASTM F1962. Minimum radiest inf
directional drilled pipe shal/l not be |l ess than 4
directional drilled pipe shall have a minimum radius of 480LF) with no greater than 20 degree entry or exit
angles.

Design the directional drilled pipe and alignment
pull stress, critical collapse pressure, unconstrained collapse pressure, and long term reduced collapse
strength. Design shall include good indugiractices for directional drilled crossings.

4.10.2 Jack and Bore

4.10.2. Preliminary Evaluation

Jack and bored crossings may be considered for used at obstacles such as stream, rail, or highway crossings.
Evaluatethe use of jack and bored crossings for cost, reqénts from outside agencies, implications to
private propertyOwners, and input from D@/ater.

DC Water Project Design Manual
Volume 37 Linear Infrastructure Design Page 34-15
July 2018



Take soil borings from both ends of the proposed crossing and other locations as appropriate. Extend boring
to a minimum of five (5) feet below the proposedeirt of the casing. If solid rock is present, arrange for
the driller to take a sampling of rock cores for analysis in accordance with Sgdtion

4.10.2. Zeneral Requirements

All jack and bored crossings shall use a casing pipe. The outside of the casing pipe does not need to be
coated. The ends of the pipes shall be designed and sealed to be water tight.

All carrier pipes shall have restrained joinBequire spacers between carrier pipe and casing to minimize
movement of thearrier pipe in the casing. Minimum number of spacers shall be(B)neer pipe segment

with additional spacers required if necessary to stabilize pipe. The annular spaceasirtgeipe shall

not be filled unless otherwise specified by permits or right of way agreements issued by outside agencies.
If the annular space must be filled, refer to Sed@@orrosion Control for the requirements.

4.10.2 Zarrier Pipe Criteria

Design the carrier pipe using the same load parameters as the design of the casing pipe.
4.10.2.Lasing Criteria

Design the extent ofasing and depth of installation as follows:

1 Extent of Casing:

o Highwaysi Ten (10) feet past the shoulder of the highway, or ten (10) feet past the toe of slope,
whichever is greater;

o Railroadsi From rightof-way line to rightof-way line of the railroad.

o Other public way$ From rightof-way line to rightof-way line.

0 Slopes Failure Liné In no case shall the casing be within the 1:1 slope failure line of theoédge
pavement.

91 Depth of coveii minimum of five (5) feet of cover over the top of the casipge at the shallowest
point in the crossing.

1 Show extents of cover, depth of cover and slope failure lines on the drawings.

Design the casing size to permit installation of spacer devices to center the carrier pipe in the casing pipe,
with no points of ontact, including bells and restrained joint systems, between the casing and carrier pipe.
Spacers shall be large enough to minimize carrier pipe movement in the casing.

Design wall thickness of the casing using the following criteria:
9 Dead load Soil corditions from the trench conditions
9 Live loadi either E8O for railroads or HX0 for all others.

1 Minimum thickness requiremeritsAs | i st ed i n DC Waterod6s Standard
the permits or right of way agreements.

1 Minimum wall thickness for steel casing d¢ialf inch (¥20 .)
4.10.3 Pipe Bursting

4.10.3. Preliminary Evaluation

Pipe bursting for water mains and customer service lines may be implemented when circumstances limit
open cut pipe replacement or, when approved by DC Water, other circumstances provide favorable
conditions for this method of pipe replacemer@ecause @l and groundwater conditions affect the
feasibility of pipe burstingperform extensive subsurfaexplorationsto obtain soil borings at proposed
insertion, receiving, and access pit locations to confirm the feasibility of pipe bursting. Perform standard
penetration tests, unconfined compression tests, and moisture content tests. Take groundwater readings
within 24 hours after drilling boreholes.

Diligently investigate utilities adjacent to the pipeline to be replaced. This may require test pittirifyto ve
clearances between the existing pipeline and the other utilities. A minimum three (3) foot clearance from
gas lines is required for pipe bursting to be allowed. Verify adequate space exists for entry and receiving
pits. Additionally, evaluate the sitfor adequate room to fuse the joints and string the replacement pipe
while it is being pulled into the existing main.
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Determine the depth of the existing pipeline to verify that there is sufficient cover to allow pipe bursting
without causing ground hea. The pipe bursting process is likely to cause heave when the existing pipe is
being upsized. According to the International Pipe Bursting Association the depth of the existing main
should be at least equal to the difference between the expander tedd diameter and the existing pipe
inside diameter, expressed in feet, multiplied by 12.

4.10.3. Z5eneral Requirements

Pipe bursting is most feasible in clay soil with unconfined compression strengths less thartdn® g2)
square foot and above the grourader table. Pipe bursting is less feasible in rock trenches. Pipe bursting
can be used in fractural and nfsactural pipes four (4) inch in diameter and larger.

Pipe diameters can be upsized one or two diameters during the pipe bursting procesemRaplape

material shall be HDPE or fusible PVC designed for the required water main pressure and pipe bursting
pulling forces. Joints shallbe biittu s ed per t he manufacturerds instruc
to beginning the pipe bursting.

Standard pipeline couplings, fittings, and appurtenances shall be used to make connections to the existing
mains on either side of the replacement water main.

4.11 WATER MAIN REHABILITATION (EXISTING PIPE)
4.11.1 Water Main Lining

Rehabilitation of existing water mains shall only be considered on water eigitg8) inches or greater

in diameter with no lead customer service lines and with few recent breaks. Lining material to be installed
shall provide complete structural integmecessary to support all loads (internal and external) regardless
of adhesion to existing pipe walls.

4.11.2 Valves

All in-line and side stop valves along the main to be rehabilitated shall be replaced. Location of valves,
hydrants, and other appurtenansball comply with standards described in this Design Manual regardless
of existing location of valves, hydrants, and other appurtenances even if this requires excavation or
replacement of water main. If some of the valves to be replaced are relativelggaine the Contractor

to salvage them and turn them over to the Department of Water Services (DWS).

4.11.3 Blowoffs

Design air and/or drain blowoffs at each side of valves 16 inches and larger. Replace existing blowoffs if
they do not conform to D&/a t e rrréng standards, (e.g., drain to sewer), or if they are in poor condition

as determined by DC Water. Upon a case by case examination, some existing blowoffs or hydrants may be
retained to function as blowoffs.

4.11.4 Fittings

Require all horizontal and vertica¢bds, fittings, reducers, and offsets to be removed and replaced unless
they are restrained by large concrete thrust blocks with piles.

4.11.5 Disposal of Water

The design shall require the water that is used during the rehabilitation process to remove i@ corro
deposits from the pipe to be passed through a settlement tank or desilting filter box and discharged to a
sanitary or combined sewer. Highly chlorinated flushing and disinfection water must be discharged to a
sanitary or combined sewer as well. Detere which discharge location option(s) will be available during
construction and specify on the drawings acceptable locations for discharge and require the Contractor to
pretreat the water to levels required for discharge to the selected sewer system(s).
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5. SEWERS
5.1 TYPES OF SEWERS

The following types of sewers exist in DC Water s

9 Sanitary (or separate sanitary) sewer: Designed to convey domestic, commercial, and industrial
wastewater, including allowances for groundwater infiltration (GWI) and rainfall derived inflow and
infiltration (RDII)

1 Storm sewer: Designed to convey only storm water runoff plus inflow and infiltration (I/). Storm
sewers do not carry wastewater.

1 Combined sewer: Designed to convey wastewater under dry weather conditions (no rainfall) and a
combinationof sanitary and storm water runoff under wet weather conditions (rainfall).

1 Gravity main: Designed to convey flow under open channel flow conditions without surcharging.

1 Force main: Designed tmnvey wastewater under pressure from the discharge sidqauai@to a
discharge point.

9 Service lateral: Connection between the main sewer line and the property that services only that
property.

5.2 FLOW AND HYDRAULICS

No storm water connections shall be allowed to connect into separate sanitary sewers.

5.2.1 Hydraulic Design of New Sanitary Sewers

5.2.1.1 Flow Rates

Design sanitary gravity sewers to convey peak sewage flow for:
1 The estimated ultimate tributary population

1 Flow pumped to the sewer shed from lift stations, and

91 I/l consistingof GWI and RDII.

Determine the dggn flows for new sanitary sewers from flow meteringand&t er 6 s hydr a
results, where available. When using DC Water
conveying existing flows from existing upstream pipes, obtain floverimey data for the design to validate
estimated design flows and calibrate the hydraulic model. Flow analyses shall include a sewer shed map
showing the tributary area.

Calculating Sanitary Sewer Flows:
9 Step 1: Calculate population and acreage of theisshed.

AUl ti mate tributary populationd shall be based up:
obtained from théVietropolitan Washington Council of Governme(MVCOG) for the 25 year future

forecast (i.e. if the current edition is 2Q16e the densities provided in the future forecast of 2040). See

the MWCOG website and documents valvw.mwcog.organd follow the following path: Home >

Documents> Cooperative ForecastE&mployment, Population, and Household ForecdsisTraffic

Analysis Zoneor use this link:

ul i c
6s h

https://www.mwcog.org/documents/2016/08/01/cooperdtvecasteemploymenipopulationand
householdorecastsoy-traffic-analysiszone-cooperativeforecastdemographicsousingpopulation/

Use population densities to calculate the domestic sewage flow and employment densities to calculate the
commercial and industrial sewage flow.

Acreage shall include all property bound by propkinigs located inside the sewer shed and buildings being
served within the sewer shed.
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1 Step 2: Estimate average flow within the sewer shed.
Calculate total average flow based on:

91 Population within the sewer shed

9 Acreage of the sewer shed, and

1 Sum of all é the flows perTable5-1.

Table 5-1:. Average Sewage Flow

Description Estimated Average Sewage Flow
Domestic sewage 80 gpcd
Commercial and industrial sewage 15gpcd
Sewage from other major commercial or industrial sourcqd Special consideration for each cas
Average ground water infiltration (GWI) 700gpad

9 Step 3: Estimate peak dry weather flow witthie sewer shed.

Calculate the peak flow by applying a peak factor to the calculated average flow from the previous step.
The peak factor shal/l be taken from the "Ratio
from the most recent edition of tRecommended&tdards for Wastewater Facilitidsy the Great Lakes
Upper Mississippi River Board of State and Provincial Public Health and Environmental Managers

Sanitary sewers shall have a minimum design peak dry weather flow rate gg@&00
9 Step 4: Estimate peaketvweather flow within the sewer shed.
RDII allowances are obtained fraaigure5-1 using the acreage and population density of the sewer shed.

5.3 HYDRAULIC CAPACITY

Design pipe sizes to convey the calculated peak flow while meeting the hydraulic capacity requirements
described below. The capability of downstream sewers to convey future tributary flow shall be included in
the analysis.

Design pipe grade to meet théldaving requirements:
1 Minimum velocity oftwo (2) feet per second at average flow (to prevent deposition of solids).

1 Maximum depth ratio (d/D) of 70% at peak wet weather fidvere:
d = depth of flow.
D = Diameter of pipe
1 Manning's formula with an "n" \ae not less than 0.013.
1 Minimum diameter of any public gravity sanitary sewer shall be not lessghdt0) inches.

If the above requirements do not allow for drainage into an existing downstream sewer, then additional
sewer must be designed and inst@luntil the sewer can catch grade.
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5.3.1 Hydraulic Design of New Storm Sewers

5.3.1.1 Flow Rates

Calculate the rate of storm water runoff for design of storm sewers usiRgtilbaeal Methodor a 15year
24 hour frequency storm as follows:

Q = CIA
Where:
Q = storm flow (cfs).
C = dimensionless runoff coefficient.
| = peak rainfalintensity (in/hr).
A = drainage area (acres).

Calculate Peak flow assuming:

1 The entire watershed t®ntributing to the storm flow.

1 Rainfall intensity is the saenover the entire drainage area.

1 Rainfall intensity is uniform over a duration equal to tinee of concentratiort;, and
1

The frequency of the computed peak flow is the same as the frequency of the rainfall intensity, i.e.,
the 15year rainfall intensity is assumed to produce thgeds peak flow.

The time of concentration is the time reguirfor water to travel from the hydraulically most remote point
of the basin to the point of interest.

1 The runoff coefficient, C, is the same for all storms of all recurrence probabilities.

1 The runoff coefficient, C, is a function of the ground cover ahdrchydrologic abstractions. It
relates the estimated peak discharge to a theoretical maximumeéfrwoft. If the basin contains
varying amounts of different land cover or other abstractions, a composite coefficient can be
calculated through areal weighing as follows:

Wei ght ediAQ/Ace E ( C

Where:
X = subscript designating values for increma¢areas with consistent land cover.
C =values as cited from a published hydrology textbook.

Table5-2 provides rainfall intensities for the }®ar frequency storm based on storm duration. foted
rainfall and rainfallintensities are derived from tlrecipitationFrequency Atlas of the United States
NOAA Atlas 14,ten (L0) year and 2%ear 24 hour storms and interpolated to a 15 year stormtheten
(10) year and 25 year data

Table 5-2: Rate Of Rainfall For 15-Year Frequency24-Hour Storm Events

Parameter NOAA 15-yr Storm
Duration (hrs) 24
Total Rainfall (in) 5.49
Max 5 min Intensity (in/hr) 7.12
Max 10 min Intensity (in/hr) 5.68
Max 15 min Intensity (in/hr) 4.79
Max 60 min Intensity (in/hr) 2.32

The assumed inlet time for urban areas is generally taken as fivén{&ps. The time of flow through the
existing sewers and the corresponding sewer capacity are computed from velocities determined by using
an appropriate value for the coefficient atfion, n, in theManningFormula

For areas of 100 acres or more, longer inlet times may be used as appropriate. If the impacted area of the
future development was greater than 100 acres, then storm rundfé determinedoy using the NRCS
(formerly SCS)Curve Number Method
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Figure5-2s hows t he NOAA SeleeionofPC Watdr Dasignstormiistrict of Colurabia
Memorandum for the 1gear, 24hour storm.

5.3.1.2 Hydraulic Capacity

Designthe gradeof the pipeto meet the following requirements:

1 Velocity between three3j and 15feet per second akakflow.

1 HGL at peak flonequal to or less than the pipe diameter

1 Manning's formula with an "n" value not less than 0.013.

1 Minimum pipe diameteof ten (10) inches for any public gravity storm sewer.

If the above requirements do not allow for drainage into an existing downstream sewer, then additional
storm sewer must be designed and installed until the sewer can catchFgyadteep grades which result

in velocities greater thabb feet per secondirop manholes and other means of controlling the flow shall

be considered.

Other evaluation requirements are stated in secBdh® Sewer Quantity Managemer&,3.4Hydraulic
Evaluation of Existing Combined Sewers, &8.5Hydrauic Evaluation of Existing Sewer System.
5.3.2 Sewer Quantity Management

Contributions from new development or redevelopment shall not exceed the capacity of the existing sewer
regardless of whether the property was previoaslyeredIf the available capacitiyn public sanitary or

storm sewer is not adequate to convey all generated flows from development, design the final outlet flow
rate from the property to be less than available capacity in the sanitary or storm sewer pipe.

5.3.3 Hydraulic Evaluation of New Combined Sewers

Construction of new combined sewers is prohibited except as required by th&dromgontrol Plan (DC
Clean Rivers).

5.3.4 Hydraulic Evaluation of Existing Combined Sewers

Design flows for combined sewers shall be based on flow metering a\¥e®Cr 6 s hydr aul i c
results. When using DC Waterds hydraulic model t
flows from existing upstream combined sewers, flow metering data shall be obtained to validate estimated
design flows and calibratbe hydraulic model.

Stormwater lbws for combined sewers shall be based on thgea 24hour frequency storm.

o

5.3.5 Hydraulic Evaluation of Existing Sewer System

Hydraulic evaluations for the existing sewer system to determine 1) sufficient capacity, 2) downstream
hydraulic impacts, and 3) other hydraulic needs will be conducted by DC Water. The PDE shall develop
and provide computations to evaluate the impactdéd flow to downstream sewers. Projects increasing
flow into the sewer system shall mitigate increased potential for overflows farther downstream. Determine
the length of downstream sewer pipeline from a new connection point and the number of downstream
manholes that may be subject to potential overflows in the hydraulic evaluation.

L ——————————————————
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15-Year, 24-Hour NOAA Storm
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Figure 5-2: NOAA Hyetograph
5.3.6 Changes in Pipe Size and Slope Alignment

Changes in sewer pipe size and grade are only permaittathnholes or structures. At manholes with
multiple incoming pipes, the incoming inverts of sewers shall be such that the hydraulic grade lines of the
sewers at the junction are at the same elevation, except that the minimum drop across the mhigole sha
not less than 0.2 feet. Perform calculations to determine the required drop across the manhole.

5.3.7 Protection for High Velocities

Design velocities are as follows:

1 Preferred max velocity Six (6 fp9.

1 Permissible max velocity £5fps.

Drop manholes may be provided to break steep slopes to limit the velocities in the connecting sewer pipes.

Under special circumstances, DC Water may approve velocities greatébtipsn If approved, evaluate
pipe material and thicknesses for the ingeam abrasion and erosion.
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54 ANCHORING PIPE ON STEEP SLOPES

See Sectiod.5for requirements.

55 ODOR CONTROL

Evaluate the need to design and install odor control measures on sanitary and combined sewer systems.
5.6 NEW AND REPLACED SANITARY AND COMBINED SEWER CONSTRUCTION

5.6.1 Alignment and Separation from Other Utilities

5.6.1.1 General

Refer to Sectiod.3.1for general requirements and considerations to be followed when determining the
location of pipelines.

5.6.1.2 Sewer Horizontal Alignment
Design sewers using the following horizontal aligmmrequirements:
1 Sewers shall have straight horizontal alignments between manholes.

1 Locate new sewers within the street rigfiway, not in sidewalks, and in accordance \Fidure4-1
andFigure4-2.

o If the street righbf-way is 90feet wide or less, only one (1) sanitary sewer is requireclaalt
be located as shown kigure4-1.

o If the street righbf-way is greater than 9@et wide, dual sanitary sewers shall be located as
shown inFigure4-2.

o If the space shown in eithBrgure4-1 or Figure4-2 is already occupied by another utility,
consider alternative alignments which meet the following conditions:

A The maximum seweservice length is 5feet.
A A minimum horizontal separation of ten (10) feet between water mains and sewers.

1 The minimum horizontal clearance between a sewer line and other utilities shall be four (4) feet.
Where four (4) feet separation is not availalthe separation distance may be reduced to three (3)
feet or as required to permit excavation of the pipes without causing interference to the adjacent pipe
using the minimum trench excavation widths showr
greder. Additionally, the design shall require the trench backfill to be CLSEIdepthof one(1)
foot above the pipe and, if shoring/piling is used, the shoring/piling shall be required to remain in
place to an elevation not less than the top of thelpipb&elow the finished grade at a distance that
will not obstruct final backfill and compaction requirements for pavement and other finished surfaces.

1 If the proposed sewer can only be located outside of paved areas, the sewer alignment shall:
o Minimize diguption of environmental features such as wetlands, steep slopes, trees, etc.
0 Maintain a minimum distance of five (5) feet from walls or other similar obstructions.

1 Consider geotechnical conditions, including the existence of rock, groundwater elevation, and poor
soils that would require special backfill, bedding, or foundation support when selecting sewer
alignments in unpaved areas.

1 Crosslot sewers (sewers thatoss from one private property to another) and cross lot service laterals
are prohibited.

1 New sewer construction outside paved areas shall be approved by DC Water in writing during design.
5.6.1.3 Sewer Vertical Cover

Typically, the flow channel invert elevation of sanitary sewers shall be at leageé&0l&elow grade to

allow for service laterals from house basements to drain by gravity. The cover above sewers may be
reduced to a minimum of four (#get when justied in isolated instances at the upper reaches of the system,
and where the pipe is located in grassy ar&esFigure4-2 for vertical cover requirements of sewers
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5.6.1.4 Separation from Other Ulilities

Sewer lines shall be separated from other utilities as follows:

1 See Sectiod.3.4for separatiomequirements bateen sewer and water lines.
9 Vertical separation from other utilities shall be as showFignire4-1.

1 Sewer lines shall not pass within 50 feet obtaple water supply source or structure such as a
potable water reservoir unless special construction and/or pipe materials are used to obtain adequate
protection.

1 The minimum vertical clearance between sewers and other utilities shall be 18 inches (diid
to outside of pipe) unless otherwise approved by DC Water.

91 DIP sanitary sewer lines crossing gas transmission lines shall be designed in accordance with Section
8.

5.6.2 Force Mains and Valves

Pressurized service laterals are not permitted to be directly connected to gravity $aweped sanitary
or storm discharge shall transition to gravity flow upstream of the property line and prior to entering DC
Water infrastructure.

Force mains and W& es shall be designed according to Recommended Standards for Wastewater
Facilities by the Great Lakes Upper Mississippi River Board of State and Provincial Public Health and
Environmental Managers.

5.6.2.1 Velocity and Pjpe Size

Force mains shall be desaghto the following requirements:
1 A minimum velocity three (3) feet per second.

1 A maximum velocity of eight (8) feet per second.

1 A minimum diameter of four (4) inches.

5.6.2.2 Air Vacuum and Air Relief Valve

Design for sewage air vacuum and air relief valves &igalhe same as for water air vacuum and air relief
valves except for that that valve shall be designed for use on sewage systems and the following:

1 Sewage valve systems shall be designed to ensure there is no discharge to the environment.

9 Odor control kall be evaluated where necessary and as directed by DC Water to contain odors.
1 If odor control is required, the valve system shall include a filter system.

5.6.2.3 Termination

The force main shall enter the receiving manhole with a smooth transition of flow to the gravity sewer
system at a point not more than one (1) foot above the flow line. The design of the transition manhole shall
include energy dissipation, erosion, dromgiderations, and corrosion protection.

5.6.2.4 Pipe and Design Pressure

Pipe and joints shall be equal to water main strength materials suitable for design conditions. The force
main, reaction blocking, and station piping shall be designed to withstand wateehamessures and
associated cyclic reversal of stresses that are expected with the cycling of wastewater lift stations. Evaluate
the use of surge valves, surge tanks, or other suitable surge devices to protect the force main against severe
pressure chams.

5.6.2.5 Special Construction

Force main construction near streams or water structures and at water main crossings shall meet the
applicable provisions of Sectid®t i t Watat BodyiiCrossings
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5.6.2.6 Friction Losses

Friction losses through force mains shall be based oRldzenrWilliams formula The design value for
"C" shall be 100 for unlined iron or steel pipe. For other smooth pipe materials s\¢@ ,gsoB/ethylene,
lined ductile iron, etc., a higher "C" value, not to exceed 120, may be used for design.

When initially installed, force mains will have a significantly higher "C" factor. To prevent damage to pump
motors, the effect of the higher "C" tac should be considered when calculating maximum power
requirements and duty cycle time. The effects of higher discharge rates on selected pumps and downstream
facilities should also be considered.

5.6.2. 7 Identification

Design shall require the Contractor toritiey force mains as sewage to prevent them from being mistaken
for potable water mains. Pipe color, locating tape, and other means may be used to achieve this.

5.6.2.8 Maintenance Considerations

Isolation valves should be considered where force mains conneet ammon force main. Cleanouts at
low points and chambers for pig launching and catching should be considered for any force main to facilitate
maintenance.

5.6.3 Sewer Pipe Materials

5.6.3.1 General

Existing sewers within the District are typically constructed of \&DE concretdsrick pipe in circular,
egg, horseshoe, and sedfiiptical shapes.

Prior to specifying pipe material, assess the soils for contamination. Should the assessment reveal
hydrocarbon contamination (even trace amounts) or other contaminatesed#dtito rubber, determine

and specify gasket material appropriate for the contamination. Nitrile gaskets shall be specified when
locating sewer pipes in areas of soils contaminated with hydrocarbons.

Replacement pipe used to repair pipe between mansiuddidbe the same as the existing unless otherwise
approved by DC Water. When approved by DC Water the design shall include the use of suitable couplings
to join dissimilar materials.

The pipe material and classification shall be shown on the projett pted/or specification3.able 5-3

shows materials allowable under certain circumstances; refer to the relevant sections below for further
requirements and limitations on use of each material. Additional materials may be considered on a case by
case basis with DC Water approval. For csire soil conditions see the Section entitled Corrosion
Control.

Table 5-3: Typical Sewer Pipe Materials

Use Diameter PVC RCP VCP DIP FRP/GRP
. - 360 an X X X
Sanitary Sewer (gravity) >36 06 X %
. [ 360 an X X
Sanitary Sewer (force main) >36 06 X %
Storm Sewer All X X X
Combined Sewer (CSO) All X X X

Note: Some materials listed in this table have limitations on their accepted use described throughout this
document. This table doest mean the material may be used under all scenarios. Sewer rehabilitation
often requires alternative materials; this list does not limit rehabilitation methods with their relevant
materials.

5.6.3.2 Sewer Pjpe Design

All sewers shall be designed to prevent damage from live, dead, and frost induced loads. Proper allowance
for loads on the sewer shall be made because of soil and potential groundwater conditions, as well as the
width and depth of the trench. Where necesgsspecial bedding, haunching and initial backfill, concrete
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cradle, or other special construction shall be used to withstand anticipated potential superimposed loading
or loss of trench wall stability.

Design shall follow practices and guidelines giverGravity Sanitary Sewer Design and Construction,
ASCE Manual, Engineering Practice No. 60 or WEF Manual of Practice Neb BBd other manuals
specified herein. Design loads and cdiwhs shall be as follows and as specified elsewhere herein.

i Dead load Soil conditions from the trench conditions.
1 Live loadi either E8O for railroads or H&0 for all others.
1 TrenchwidthperDWat er 6 s standard detail

Joints shall be designed to minimize infiltration and to inhibit the entrance of roots throughdfiat e |
the system.

Sewers within flood zones shall include buoyancy force calculations which incorporate the base flood
elevation. Pipe to be installed below ground water shall be designed for buoyancy forces assuming ground
water level is at the groursdirface.

5.6.3.3 Polyvinyl Chloride Pipe

All buried sewers up to 36 inches in diameter shall be PVC unless otherwise approved by DC Water. For
sewers greater than 36, perform an evaluation to determine if PVC is the most appropriate material.

If soils or sewag have or may have high levels of hydrocarbons, evaluate the need to substitute another
material for PVC.

Perform design of PVC pipe in accordance witwWWA M23 PVC Pipei fiDesign and Installatiod.
Design the pipe for the loading, soil, and ground wataditions that will be present and applied to the
pipe. Minimum wall thickness shall B&STM D3034 SDR 3%or pipe with diameter less than or equal to
15 inches. For pipe 18 inches in diameter and greater the minimum wall thickness #&lNbé-679
with pipe stiffness 46.

5.6.3.4 Vitrified Clay Pipe

VCP may be used to replace pipe in kind (to maintain the same pipe material between sewer manholes) or
as approved by DC Water on a césecase basis. VCP shall be designed perftfigified Clay Pipe
Enginee¢ing Manuab published by the National Clay Pipe Institute.

5.6.3.5 Reinforced Concrete Pjpe

RCP shall only be used in separate storm drains and shall be designA8TdarC76 fiStandard
Specification for Reinforced Concrete Culvert, Storm Drain, and Seweo.Pipee required RCP class
shall be calculated based on the procedures irfiGloaicrete Pipe Design Manuaby the American
Concrete Pipe Association and the following design criteria:

1 DC Water standard sewer pipe bedding (CBwith load factor of 1.9.
9 Sal backfill material, saturated top soil with maximunu équal to 0.150.
1  Minimum pipe wall per ASTMC76- Wall B.

Notwithstanding the design criteria above, RCP shall be @lassnimum; Classes and Il are not
permitted.

5.6.3.6 Ductile Iron Pjpe

DIP shallonly be used on sewers when a distribution main does not meet the minimum horizontal or vertical
separation. DIP shall be designed in accordance with Ductile Iron Pipe Research Association (DIPRA)
recommendations. When DIP is used in a sewer, coatiadjsoghper DC Water Standard Specifications

and lining shall be ceramic epoxy.

5.6.3.7 Fiber Reinforced Pjpe / Glass Reinforced Pipe

Fiber Reinforced Pipe (FRP) and Glass Reinforced Pipe (GRP) may only be used chyacessebasis
as approved by DC Water foispecific project
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5.6.3.8 Other Materials

High Density Polyethylene (HDPE) and Polypropylene (PP) may only be used onley-case basis as
approved by DC Water for a specific project.

5.6.4 Open Cut Installation

5.6.4.1 Pipe Replacement Considerations

Manhole to manholsewer pipe replacement is required when:

1 Multiple point repas are less than Geet apart.

1 The length of the open cut replacement is greater th#od@he pipe length between manholes

1 There are multiple offset joints greater than one (1) inch oalfrggringsprotrude more than one
(1) inch.

i Sags are greater th&® percent of the pipe diameter.

1 Heavy roots through pipe joints cannot be removed by interior cutting or where heavy roots have
compromised thetsictural integrity of the pipe.

1 There arestructural deformations, restrictionsftdw, settlement, or collapses.
1 The pipe has holes where visible voids (i.e., soil missing outside of the hole) exist, or
9 Sinkholes are above or within proximity of the pipe.

Where sewers are replaced, service éseshall also be replaced up to the property line. The design shall
include a regular DC Water Standard cleanout to be installed adjacent to the property line if the size of
lateral is six (6) inches or smaller. If the lateral is greater than six (@sria diameter the design shall
include a manhole installed near the property line.

5.6.4.2 High Water Table Conditions

Groundwater barriers (also known as clay dams or trench plugs) shall be designed in adequate numbers to
prevent groundwater migration alongves trenches when there exists a possibility that groundwater may
be diverted and follow the path of the new sewer.

5.6.5 Trenchless Construction

The following trenchless methods are acceptable.
5.6.5.1 Directional Drilling

High density polyethylene (HDPE) or fusible €\pipe may be considered. Soil borings shall be offset
from the pipe centerline to prevent creating potential blowout points for drilling mud. Environmental
impacts for this construction method, including the location of entry and exit points, deptrenfad
disposal of drilling mud and spoils shall be assessed. Sufficient area shall be provided for both the drill rig
and the pulback pipe.

5.6.5.2 Jack and Bore

Carrier pipes for sewers shall meet all design requirements for gravity sewers assumind ¢asisteis
not present. See Sectidrl0.2for additional requirements.

5.6.5.3 Pipe Bursting

Pipe bursting for sewers may only be implemented by excegtid only when extenuating circumstances

limit open cut pipe replacement as a viable alternative. Pipe bursting shall not be considered when the
sewer has four (4r more laterals within 20f@et. Pipe bursting shall not be used when the existing pipe
has sags greater than%2@r has sags that continue in length for more than eigie€¢8) Pipe bursting

shall not be implemented under railroads, buildings, or structures.

Extensive subsurfacexplorationsshall be performed and soil borings shall beawted at proposed
insertion and access pit locations to confirm the feasibility of pipe bursting. Standard penetration tests,
unconfined compression tests, moisture content tests, and groundwater readings after drilling and again no
sooner than 2Aours afer drilling shall be performed. All nearby utilities shall be locatedS&E Level
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A per ASCE 3802 A minimum three (3) foot clearance is required between the pipe to be burst and any
gas or water mains (outside of pipe to outside of pipe).

Pipe burstig replacement pipe shall be HDPE or fusible polyvinyl chloride (FPVC). Pipe joints shall be
fused and cooled prior to bursting. VCP or DIP may only be used for pipe bursting when insufficient
laydown area is available.

Generally, the longerm loading coditions govern the required wall thickness for gravity lines, although
consideration for the pull (tensile) strength is necessary. A ten pétetwall thickness allowance shall
be added to serve as a sacrificial layer to account for scarring ana@auging installation.

The minimum cover for new pipe shall be:

1 Ten (10)times the burst displacement.

1 Three (3)times the new pipe diameter.

1 Four (4)feet below the ground surface.

1 Three (3)feet clear from the nearest utility.

Adequate space shall peovided for insertion and reception pits. The space required may vary in size and
shape depending on the depth, diameter, and stiffness of the pipe and soil conditions.

5.6.6 New Manholes

5.6.6.1 General

All manholes shall have a unique alphanumeric identifier on tbegi plans. DGNater shall provide
manhole numbers to use. All manholes deeper than 20 feet shall be designed for the specific depth, standard
details are not applicable.

New manholes shall typically be constructed ofgqaist reinforced concrete manuiaed in accordance
with ASTM C478 fiStandard Specification for Circular Precast Reinforced Concrete Manhole Séctions
or pouredin-place concrete.

Castings shall meet the requirementsA&TM A48, fiStandard Specification for Gray Iron Castings,
Class300.

The top elevation of the manhole shall be ondda) above the surrounding grade when the top of the
manhole is not within a pavement or developed lawn area.

Manholes shall be vented every 1,086t or every other manhole, whichever is greater. \&tiain may
be provided via sanitary stacks and/or perforated manhole covers.

5.6.6.2 Manhole Locations and Maximum Spacing

Provide sewer manholes at all sewer intersections; at all points of changes in sewer size, horizontal
alignment, or slope; and at the terntiaad of the line.

The maximum spacing between sewer manholes shall be:

9 300feet for sewers less than B%hes in diameter.

1 400feet for sewers 2ihches and larger, but less thanidéhes in diameter.
1 500feet for sewers 48 inches and larger.

Variancesfor larger spacing may be considered in instances where there is adequate access for cleaning
and maintaining the sewer system.

Manholes shall nobe located irornamental areas, tree pits, sidewalks or gutter pans, where feasible.
Consider maintenance ass when determining location of manholes.

5.6.6.3 Manhole Drop Connections

Manholes shall have external drop connections at sewer junctions where the invert of the inlet sewer is
more than 2.%eet higher than the invert of the outlet sewer. Where the diffeismess than 2.feet, the
base of the manhole shall be filleted to prevent solids deposition.
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Encase external drop connections in concrete. The encased drop connection shall be structurally tied to the
manhole base with either a monolithically pourednsmtion or with steel reinforcement ties.

Where an external drop connection is not possible, with DC Water approval, an internal drop connection
may be considered. Secure the internal drop connection to the interior wall of the manhole and provide an
acces for cleaning. Inside drop connections shall have a plate at the top of the riser pipe to prevent
splashing.

5.6.6.4 Manhole Diameter
Manholes for sewers up to 18 inches in diameter shall have a minimum four (4) foot inside diameter.

Manholes for sewers largdran 18 inches shall be sized such that the bench on each side of the channel is
at least 13nches wide.

The minimum diameter for manholes with internal drop connections shall be fifge{5)

The minimum clearance between pipe openings within the marghalll be 3.%hches plus the outside
diameter of the outlet pipe or nine {Bthes, whichever is greater. If clearance is a problem, details showing
the sewer offset at the manhole shall be provided and/or the manhole size shall be increased.

Show themside diameter of manholes on the project plans.
5.6.6.5 Pipe to Manhole Connections

In general, design manhole barrel risers such that the pipe connections do not intersect manhole barrel riser
joints.

Include pipe to manhole connection details in the projecispiar pipes with slopes tgrercent(10%) or
greater. Requireannections between pipe and manholes to be sealed.

5.6.6.6 Manhole Watertightness

The joint design for concrete manholes shall meet the requirementsSBM C443 fiStandard
Specification for Joints faConcrete Pipe and Manholes, Using Rubber Gaskets

Seal manhole lift holes and grade adjustment rings withshanking mortar.

Join inlet and outlet pipes to the manhole with gasketed flexible watertight connections or any watertight
connection arrargment that allows for differential settlement of the pipe and manhole wall to take place.

Design manholes for protection from flooding if located in a flood zone according to FEMA:
1 Being two (2)feet above the Base Flood Elevation.
1 Being watertight and veed two (2)feet above the Base Flood Elevation.

Specify watertight manhole covers wherever the manhole tops may be flooded by street runoff or high
water. Additionally, watertight manhole covers are required at locations where it is necessary to guard
against sanitary surcharge conditions.

5.6.6.7 Protection against Manhole Settlement
Evaluate the soil conditions and design bedding as to prevent settlement.
5.6.6.8 Manhole Buoyancy Protection

Design manholes for arfiotation, particularly where high groundwatesnditions are anticipated. The
buoyancy calculations shall assume:

1 A minimum factor of safety against flotation of 1.2.
1 The groundwater table is at grade.

1 Resisting upward forces are countered only by the weight of the empty manhole plus the weight of
overbearing soil. The weight of the manhole shall exclude the b@dote: This requirement is to
protect the manhole after installation but before acceptance]

1 The backfill to grade is in place.

1 No resisting forces from the weight of the live load cagadrfriction (i.e., there shall be no credit
for a soil wedge or for sail resistance).
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The design of extended manholes bases shalll i ncl
recommendations. Any radial steel reinforcement bars drilled into fgedfthe manhole shall be designed

to resist the net upward shear force. The clearance between the manhole base and the trench wall shall be

at least two (2Jeet to provide sufficient room for compaction equipment.

5.6.6.9 Manhole Corrosion Protection

Specifycorrosion protection via special coatings for the interior of the manholes where corrosive conditions
are observed or anticipated. See Section 7 for other corrosion protection information.

When sewer force mains are tied into manholes, protect the deamsitnanholes within 1,000 feet or the

first three (3) manholes downstream (whichever is the greater number of manholes) of the discharge and
the first manhole upstream of the discharge from corrosion by the application of an epoxy lining system.
Show manhks to be lined on the project plans.

5.6.6.10Protection for Manholes with High Flow Velocities

Protect manholes against displacement by erosion and impact where high flow velocities are anticipated.
5.6.6.1Manhole Steps, Ladders, Safety Rails, and Fall Arrest Systems

Manholes less than Z@et deep shall have steps.

Manholes greater than 28et deep shall have aluminum ladders, safety rails, and fall arrest systems.

Manholes less than 20 feet deep shall follow DC Water standard details. Design manholes greater than 20
feet deep in accordance with OSHA requirements.

5.6.6.1Manhole Flow Channels

Dedgn sanitary and combined sewer manholes with flow channels. Flow channels that are straight through
a manhole shall be smooth and made to conform as closely as possible innghalppea to that of the
connecting sewers. Flow channels that are curved for branch inlets shall be smooth and have increased
slopes to maintain acceptable velocities. Flow channel walls shall be formed or shaped to three quarters
(%4) of the height of ta crown of the outlet sewer.

5.6.6.1Zonditions for Manhole Replacement

Manholes shall be replaced under the following conditions:

Manhole has structural failure or in general very poor condition.

Manhole is less than four (et in diameter.

Manhole has seversfiltration.

Manhole has previously been rehabilitated and the rehabilitation has failed.

Manhole has a connecting pipe requiring replacement unless a suitable and proper boot connection
canbemade between the manhole and pipe.

=A =4 =4 =4 =

5.6.7 Sewer Laterak

The desigrand construction of sewdaiterals is governed by tHeC Plumbing Codeand it respective
supplement. New sewer laterals are installed by the developer or owner of the mogentg owned by

the property @ner. However, in accordance witD.C.Law 1-98 Water and Sewer Repair and
Compensation Act of 197BC Water is responsible for the maintenance and replacement, if necessary, of
the sewer lateral within in public space, up to the property line.

New sewer laterals shall not be combined (i.e., thenping carries both house sewage and storm water).
Combined sewer laterals are no longer permitted by the plumbing code. New construction requires separate
sanitary and storm laterals which may be combined at the property line with DC Water approval. Some
locations within the District have existing combined plumbing on private properties. However, the
separation of sewer laterals is not required unless a major renovation of the building is done.

Sewer laterals for single family homes shall have a minimamelier of four (4)nches. Sewer laterals
for multi-family, commercial, and industrial buildings shall have a minimum diameter of simc{&)s.
Each property shall have its own independent sewer lateral.
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Typically, existing sewer laterals within the Dist are castron, PVC, VCP, or asbestos cement pipe
(ACP). New sewer laterals that are located within dedicatgus-of-way and easements shall be
constructed of PVC pipe per DC Water standard specifications and details.

Sewer laterals shall be desgghas follows:
1 Have a minimum tw@ercent(2%) slope.
1 Make changes in alignment or grade at manholes, not cleanouts.

1 Have a cleatout with a brass cap adjacent to the property line.
o Do not locate leanouts in a sidewalk, driveway, or entrance.
o Cleanoutn eight (8) inch or larger service laterals are prohibited and a manhole shall be
installed instead of a cleanout.

1 Connect to the sewer system at a manhole if the sewer lateral has a grease interceptor, oil/water
separator, or other pretreatment device.

9 Provide protection against backwater in accordance with the Chapter 7 of the International Plumbing
Code. Locate backwater protection systems and devices inside the property lines. Owner of the
property is responsible for maintaining the system.

In the cae of deep sewers, riser pipes from the sewer shall be installed at a migtrdegreeangle.
Settlement joints shall be provided where the riser pipe connects to the sewer.

The method that service laterals are connected to the existing public seveestireéth depends on the size
and material of the public sewer and the sizdnefservice lated, as shown on thEable5-4.

For new sewer lateralg, sanitary sewer lateral table shall be included in the project plans. The sanitary
sewer lateral table shall include:

1 Invert of the lateral at the main

1 Size, length, and slope of the laterals
1 Elevation of the manhole cover of the next upstream maimhdhe public sewer
1 Elevation of the lowest finished floor in the building
1 Elevation of the lowest plumbing fixture in the building
Table 5-4. Service Lateral Connection To Existing Sewer
PVC and VCP Sewers Brick, Concrete,and RCP Sewers
Public Sewer Lateral Connection Public Sewer Lateral Connection
Diameter Diameter Method Diameter Diameter Method
3 o 46 0 Y branch 1550 46 0 Thimble
80 Manhole 8d 50 Manhole
105 46 0 Y branch 1850 46 0 Thimble
8d 0o Manhole 8d 80 Manhole
1259 46 0 Y branch 216 4 60 Thimble
8d 20 Manhole 1010 Manhole
155 40 Y branch 240 4¢3 0 Thimble
10D50 Manhole 1040 Manhole
185 4d 00 Y branch 270 4d 00 Thimble
128 0 Manhole 12D7 0 Manhole
214 4d 00 Y branch 300 4d 20 Thimble
12D8 0 Manhole 15300 Manhole
249 44 20 Y branch 330 4 20 Thimble
15D8 0 Manhole 15330 Manhole
270 Case hy case basis 360 4d20 Thimble
15360 Manhole
Over 3 Case by case basis

Note: Thimbles shall be ductile iron and enter above the springline.
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For sewer replacement design, determine the location and size of all sewer laterals affected by the sewer
replacementAt a minimum, the design shathow on the plans:

1 The typeand descriptiomf work to be performed.

1 How the existing service lateral is to be replaced or reconnected at the sewer service.
9 The number of laterals to be reconnected.

1 The property address, lot, and square numbers.

5.6.8 Inverted Siphons

Inverted siphons (ab known as depressed sewers) shall be avoided and only used when crossing an
obstacle such as a river or pedestrian tunnel, and when lowering the downstream sewer system is
impractical. The use of siphons requires approval by DC Water.

Siphons shall beasigned as follows:
1 Have at least tw{?) barrels with a minimum pipe size of six (6) inches in diameter.

1 The inlet and outlet pipes shall be designed so that normal flow can be diverted to either barrel while
the other barrel is taken out of servicedtaning.

91 Ensure sufficient head for selected pipe size to secure velocities of at least three (3) feet per second
for average flows.

1 Have necessary appurtenances for convenient flushing and maintenance and adequate clearance for
rodding.

1 Siphon barrelshall be installed in a casing and the annular space filled with CLSM.

9 Pressure pipe shall be specified at the required pipe strength for the anticipated internal pressures
resulting from excessive surcharging.

1 Siphon pipes and chambers shall have sefficiveight or anchorage to prevent their flotation when
subject to hydrostatic uplift forces.

9 For designing inlet and outlet chambers, refaMastewater Engineerin@Collection, Treatment
Disposab by Metcalf and Eddy, Fedaation Qf¥PEF) MantiaeNo. 9P o | | u't
fiDesign and Construction of Sanitary and Storm Severs

1 Siphon chambers shall be located away from the stream and stream banks to prevent the possibility of
damage from floating fallen trees or other debris washed up ditdng events.

1 An air jumper pipe between barrels shall be included in the design to avoid the accumulation of
odorous, hazardous, and corrosive gases such as hydrogen sulfide in the siphon.

57 NEW AND REPLACED SEPARATE STORM SEWER CONSTRUCTION

All new or repaced storm sewers shall be designed in accordance with this standard, as well as the
Depart ment of En e iStpynwaen Mandgement Rute armd Suideldaskd the District
of Col umbi a Depar t mStandardoSpecificatians ffighways amndi Struttarés
When these standards differ from state and/or federal requirements, the more stringent requirement shall

apply.
5.7.1 Alignment, Profile, and Separation from Other Utilities

General requirement and considerations to be followed whemaaing the location of pipelines are
found in Sectiont.3.1

Designthe storm sewers to have sufficient cover to allow basin connections to drain by gravdy. Se
Sectiors 5.2 and5.3for additionalhydraulicrequirements.

The minmum horizontal clearance between a storm sewer and water lines shall be four (4) feet. Where
four (4) feet separation is not available, the separation distance may be reduced to three (3) feet or as
required to permit excavation of the pipes without aygiterference to the adjacent pipe using the

mi ni mum trench excavation widths shown in DC Wate
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Additionally, the design shall require the trench backfill to be Clt8lsldepthof one(1) foot above the

pipe andif shoring/piling is used, the shoring/piling shall be required to remain in place to an elevation
not less than the top of the pipe but below the finished grade at a distance that will not obstruct final
backfill and compaction requirements for pavenant other finished surfaces.

Alignment, depth of bury, and separation distances are shoWwigore4-1 andFigure4-2 andseparation
requirements from the water lines are include8egtion4.3.4

5.7.2 Pipe Materials

For applicable pipe materials, see Sectdh3

5.7.3 Open Cut Installation

Storm pipe open cut replacement shall follow the requirements in SBdidn
5.7.4 Trenchless Construction

Storm pipe trenchless construction shall follow thquirements in Secti@6.5
5.7.5 New Structures

Reserved for future use

5.7.6 Catch Basins

Design of catch basins shall be in accordance withNlCt er 6 s St andar d Speci ficat

Pursuant to D.C. Official Code §82(b), DC Water is only authorized to maintain the public sewer system,
including appurtenances such as catch basins, from the public sewer to the property line of each lot, i.
Apublic space. o0 D.C. Of f i c i a hpublicty dveneddpmpeityrbetwseenii p u b | i
lines on a street. As such property lines are shown on the records of the Surveyor of the District of
Columbia, and include any roadway, tree spacej € wa | k , or parking between s
pursuant to Section 4.3.7 of tB&€ MS4 Permit, the Government of the District of Columbia is responsible

for implementing the operation and maintenance program at all municipal facilities loctétedi@ MS4

Permit Area. In this regardstormwatercatch basins locatedn a District facility propertyare the
responsibility of that facility agency. Although DC Water cleans and maintains catch basins located in
public space throughout the District inding high capacity thoroughfares, DC Water does not clean and
maintain those catch basins with granite top slabs, and those owned and maintained by NPS.

5.7.7 Outlet Structures

Outlet structures shall be designed and approved on dgasse basis.

5.7.8 Inverted Siphons

Siphons fo storm water are prohibited.

5.8 SEWER REHABILITATION

5.8.1 General

Sewer rehabilitation design shall be based on an appropriate sewer inspection and condition assessment.
Sewer rehabilitation methods shall be determined on albyasase basis.Perform a cost benefit and

constructability analysis during conceptual design to recommend rehabilitation methods. The following are
acceptable methods to be considered in design.

1 Injection Grouting.
1 Pipe Point Repairs.
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CuredIn-Place Pipe.

Pipe Sliplinng.

Spiral Wound Pipe Lining.

Spin Cast/Spray/Trowel Applied Lining.
Manhole Rehabilitation and Replacement.
Service Lateral Rehabilitation and Replacement.
Bypass Pumping.

Inspect the pipe to be rehabilitated using CCaAbther approved inspection metisdao determine the

pi pebs condition and evaluate the appropriate me
protruding sewer laterals, crushed pipe walls, offset joints, and lateral connections to aide in selecting the
appropriate rehabilitattomethod.

References to pipe conditions, such as JOM, JOL, etc. are in accordance with the definitions established by
NASSCO for PACP.

The design shall include requirements forgags pumping when appropriate.
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5.8.2 Injection Grouting

5.8.2.1 Implementation Guidelines

Consider using injection grouting to fill void spaces outside the pipe or structures and at lateral to mainline
connections.

5.8.3 Pipe Point Repairs

5.8.3.1 Implementation Guidelines

Consider requiring point repairs for:

Localized structural deformations.
Restrictions of flow.

Settlement.

Collapses.

Localized offsets greater than one ifigh.

9 Sealing rings protrude more than oneith.

Require all necessary point repairs to be completed prior to lining pipe or performing pipe burst installation.
Becausg point repairs may be subject to future settlement and infiltration migration (i.e., migration to an
adjacent defect), the use careful engineering judgment when recommending point repairs.
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5.8.4 Cured-in-Place Pipe

Consider rehabilitating pipe using CIPP when:

1 There is only light infiltration (seepage) into the pipe. CIPP shall not be used if major
infiltration/inflow is observed in the pipe until after infiltration/inflow is stopped.

1 The offset pipe joints is a joint offset medium (JOM); joint offset large XEBhll not receive CIPP.

1 Existing pipe has cracks, fractures, and minimal structural deformation.

9 Light to medium roots can be removed by interior cutting.

1 Debris can be removed from the pipe.

1 Sags in the pipe are less tha®/36f the pipe diameter. Sagreater than 36 shall be repaired prior
to lining.
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9 Existing point repairs allow for safe insertion of the liner without causing significant deformations in
the new liner.

9 All protruding service laterals have been properly repaired prior to CIPP itietalla

1 The host pipe has severely exposed surface aggregate.

When holes are large enough that a CIPP liner will deform into the void, a restraining system or filling the
void with soil stabilizing grout may be necessary.

5.8.5 Pipe Sliplining

5.8.5.1 Implementation Guidelines

Consider rehabilitating pipe using sliplining when:

91 Pipe sizes are greater than or equal ttn2des in diameter.

9 Special situations exist and with DZater approval.

1 Sliplining will not cause a capacity reduction in the sewer, unless speyitqgifoved by DGVater.
5.8.5.2 Design Considerations

Design of sliplining shall require the following:

1 The liner pipe material shall be HDPE or D\ater approved equal.

1 The inside diameter of the host pipe shall be at teagpercent (10%arger than the outside
diameter of the liner pipe.

1 For storm sewers, the sliplined pipe shall have sufficient capacity teg@nojected flows during a
15year frequency 24 hour design storm event. Include a comparison ahgrpostconstruction
line capacities with the pipe design submittal.

9 Liner wall thickness design shall account for all loads independent of existing pipe.

91 A factor of safety of two (2) for situations where it can be reasonably assumed that the host pipe will
provide significahstructural support for the liner.

9 A factor of safety greater than two (2) if it is not reasonable to assume that the host pipe will
structurally support the liner.

1 Design of the access pits shall include:

1 Adequate space to install the liner based origdeflameter, and stiffness of the liner pipe and soil
conditions.

1 Space allotted for insertion holes shall be based on.

1 An entry slope down to the springline of the host pipe with a grade -6¢&t horizontal to one (1)
foot vertical.

1 A minimum lengthof level excavation equivalent to lithes the diameter of the liner pipe.
1 A minimum width that reflects the soil type, height of the water table, and diameter of the pipe.
1 Adequate space shall be provided to excavate, expose, and reconnect servige lateral

5.8.6 Spiral Wound Pipe Lining

5.8.6.1 Implementation Guidelines

Consider rehabilitating pipe using spiral wound pipe lining when:
9 Offset pipe joints are generally one (1) inch or less.

1 The host pipe has severely exposed surface aggregate.

9 Light to medium roots areemoved by interior cutting.

91 Debris can be removed from the pipe.
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1 Sags in the pipe are less tha®/36f the pipe diameter. Sags greater tha¥30all be repaired prior
to lining.

9 All protruding service laterals have been properly repaired prior to ink&ialla
5.8.7 Spin Cast/Spray/Trowel Applied Lining

5.8.7.1 Implementation Guidelines

Spin cast, spray, or trowel applied lining materials may be used on-hycaase basis and as specified or
directed by DC Water. Lining materials such as shotcrete, geopolymer,raedtit®us materials may all

be considered for sewer rehabilitation. Specific design parameters, criteria, and requirements shall be
determined on a cad®y-case basis according to the site and asset conditions.

5.8.8 Manhole Rehabilitation and Replacement

5.8.8.1 General

Manhole rehabilitation design shall be consistent with guidance found in AM2aBual of Practic®2,
fiManhole Inspection and Rehabilitati@n Typically, rehabilitation projects include:

1 Cover replacements.

Grade adjustments.

Frame and chimney pair.

Grouting.

Bench and flow channel restoration.
Protective or structural coating and lining.

Determine the level of manhole rehabilitation condition rating based on the MACP Level 2 Inspection and
Assessment Report. Consider the following when salgcéhabilitation methods:

9 Existing structural deterioration and failure risk.
Inflow and infiltration.
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Root intrusion.

Required flow control.

Accessibility.

Traffic control.

Downtime available for the rehabilitation process.
Substrate material and condit.

Moisture.

Low oxygen levels or high hydrogen sulfide levels.
Surface conditions near the manhole.

Costs of different options.

Availability of qualified contractors.

Compatibility of rehabilitation methods to repair multiple defects.

Potential recommaetations for different rehabilitationactivities are provided below. These
recommendations are not exhaustive of options but are common rehabilitation options. Evaluate each
manhole and determine the appropriate rehabilitation recommendations fronsttoisdiher available
rehabilitation methods.

5.8.8.2 Manhole Frame and Cover Rehabilitation
Potential design recommendations for manhole frame and cover rehabilitation include:
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1 Replace sanitary manhole covers located in areas susceptible to inflow wipenfaated covers.
1 Replace cracked or defective covers.

1 Repair other deficiencies as identified.

5.8.8.3 Manhole Grade Adjusting Ring Rehabilitation

Potential design recommendations for manhole grade adjusting ring rehabilitation include:

1 Add or removed adjustingngs when manhole covers are not level with finished surface if in paved
or traffic area.

1 Replace, grout, or seal adjusting rings that are leaking, cracked, or broken.

1 Install external fitted over the entire adjustment section from frame to cone betkfidibg.
Sleeves may be banded, shrink wrapped, or hand applied.

1 Install internal rubber sleeves when excavation needs to be avoided. Require internal sleeves to be
held in place with stainless steel bands, hand or spray applied flexible coatingsdan-qiace
liners.

5.8.8.4 Manhole Chimney Rehabilitation

Potential design recommendations for manhole chimney rehabilitation include:

1 Installing a chimney seal to prevent deterioration and leakage from the chimney area of the manhole.
1 Installing rubber sealingaskets that are held in place with stainless steel expansion rings.

1 Polymer chimney seals specifically designed to sustain some minor movement of the casting during
its service life without cracking or failing.

1 Curedin-place liners specifically designéal seal the chimney area.

5.8.8.5 Manhole Bench and Flow Channel Rehabilitation

Potential design recommendations for manhole bench and flow channel rehabilitation include:
9 Leaking or deteriorated manhole benches and flow channels shall be repaired.

1 Flow channelshall be constructed for sanitary and combined sewer manholes which do not have
flow channels.

1 The manhole bench and flow channel are-siwactural and can be renewed using a variety of
cementitious and polymer coating products. Typically, the same gdhtnhis applied to the wall and
cone of the manhole shall also be applied to the bench and flow channel.

9 Precast plastic manhole inserts may be installed as flow channel replacements.
5.8.8.6 Manhole Sealing

Potential design recommendations for sealing manhotésde:

1 Grouting leaks in manholes before resurfacing, repair, or installing lining materials.

1 Sealing manholes using chemical grout meefiB§ M F2414i fAiStandard Practice for Sealing
Sewer Manholes Using Chemical Grouting

1 Sealing manholes using flex@&material that is designed for freeze/thaw and moving load conditions.
5.8.8.7 Manhole Cementitious Lining
Potential design recommendations for cementitious linings include:

1 Restoring the overall manhole condition by eliminating infiltration, exfiltration, irdoisions, and
minor defects.

1 Being applied when bypass pumping or flow control is limited, or where the surface is damp and
moisture is present within the atmosphere.

1 Being applied if the surface can be prepared using high pressure and/or deteegemng.
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1 Being installed in accordance wiSTM F2551i fiStandard Practice for Installing a Protective
Cementitious Liner System in Sanitary Sewer Manboles

Specify cementitious linings that:

1 Have corrosion resistant properties to reduce the rate ofeterdegradation. Additives such as
fiberglass flakes may be used to help protect against corrosion and to increase structural integrity.

1 May be spray applied, pumped and troweled, or spin cast.

1 Can be applied with a smooth finighreduce microbiologigl-induced corrosion.

The following references may be used when designing manhole liners:

1 AA New Design Method for NeRircular Sewer Lining8, paper by Olivier Thépot, 2001.

9 AStructural Mechanics of Buried Pipgeby Reynold King Watkins and Loren Runarderson,
CRCPress, 1999.

The design formulas provided in the appendiASTM F1216are for designing pipe liners and shall not
be used for designing manhole liners.

Design requirements for manhole liners include:

9 Calculating the minimum thickness of tlrger by assuming that there is no bonding between the
liner and manhole.

1 The liners shall be flexible so that they do not crack, fracture, or break over time. Design the
manhole liners tavithstand stresses such as freeze thaw cycles acting on the enstnaciiure.

1 Epoxy liners shall be installed in manholes in corrosive environments.

9 Curedin-place liners made of stretchable epoxy coated polyester may be used to eliminate inflow and
infiltration and provide structural reinforcement.

1 Polymer modified catings may be applied by spray, trowel, or spin cast. However, spray application
is preferred because the spray allows for better coverage, especially for angles or nooks and crannies.

1 Require all existing steps and ladders to be cut off, flush, and remoiee to lining manholes.
Install new steps and ladders after installation of liner.

1 Require interior drop pipes to be removed prior to installation of the liner and reinstalled after
installation is complete.

5.8.8.8 Manhole Mechanical Seals and Inserts

Designof manhole mechanical seals and inserts shall:

1 Provide a physical barrier against corrosion.

1 Specify materials to be PVC, fiberglass, or HDPE unless approved otherwise by DC Water.

1 Require seals and inserts to be grouted in place after installationligygpportar with a minimum
thickness of 0.fnches. The mortar shall fill the annular space and lock the liner into place by
adhesion.

5.8.8.9 Repair of Deteriorated Manhole Liners

When a section of the existing liner needs to be repaired, the new liner nettatidde designed to be
compatible with the existing liner material and the new liner shall mechanically or chemically adhere to the
deteriorated or failing liner.

When the existing liner needs to be replaced with a new liner, the failing liner shatjieed to be cut
out and the concrete beneath coated prior to installing the new liner. New liners shall be structurally
reinforced curen-place liner.
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5.8.9 Service Lateral Rehabilitation and Replacement

5.8.9.1 General

Service laterals shall typically behabilitated or replaced up to the property line when mainline sewers are
rehabilitated or replaced. Consider the following during for design:

1 Replace service laterals where heavy roots cannot be removed or where the structural integrity of the
lateral s compromised.

1 Designate on the Contract Drawings, which service laterals are to be rehabilitated and which are to be
replaced.

91 Design shall permit the Contractor to use open cut or trenchless methods to be used to rehabilitate or
replace service latesal

' Require cleanouts to be installed at the property line on all laterals being replaced. The design shall
require:

1 The lateral pipes to be located with a sewer camera prior to excavation.

1 New sewer cleanouts to be constructed over existing lateralsvasingm or hydreexcavation
technology to minimize disturbance on private property.

1 The connection between the cleanout and lateral to be sealed to prevent infiltration.
5.8.9.2 Service Lateral Reinstatement Post Sewer Lining
The design for sewer lining shall rgce:

1 The Contractor to measure the location of laterals before lining sewers to thiedateralscan be
locatedif dimplesare not visibleafterbeinglining.

1 A remote operated pneumatic cutting tool be used to cut lateral openings and ground the edges
smooth after the liner has cooled and set.

9 Laterals to be reinstated immediately after the liner has cooled.

1 The Contractor to have a working backup cutter and camera at all times.

5.8.9.3 Lateral Pipe Bursting

Potential consideration for when the design nonapipe bursting to be used to replace laterals include:
1 Replacing structurally damaged laterals on the verge of collapse.

1 Repladng laterals with one (1) or two (2) Qegree bends and there is sufficient space for the
bursting head to cut through thalsand install the replacement pipe with larger bending radius than
the original installation.

1 Not using pipe bursting if there are multiple sharp bends in the pipe requiring separate bursting
setups.

The design for pipe bursting shall include:

9 Using HDFE pipe as the primary replacement material. However, DIP or PVC pipe may be
considered.

1 The locations of the access pits [minimum two (2) foot by four (4) foot] on the Contract Design
drawings.

5.8.9.4 Cured-in-Place Lateral Liners (CIPL)
The design for CIPLiners shall require:

1 Compliance with the requirementsA$TM F1216- fiStandard Practice for Rehabilitation of
Existing Pipelines and Conduits by the Inversion and Curing of a fRegiregnated Tubi

1 A minimum installed thickness dfiree millimeter 8mm).
1 The pipe to be mechanically cleaned and roots removed prior to lining.
1 A PVC preliner and chemical grouting be applied to stop heavy leaks prior to installing CIPL liners.
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9 Plugs to be inserted in all active service lateral connections prior to imprgvent flow from
entering the sewer during liner insertion.

1 A CCTV or other approvedhspectionmethodafter installation to verify that lateral lining has been
properly installed.

1 Removal of excessive resin at the end of the lateral lining.
CIPL liners shall not be used for pipes with:

1 Severe offset joints

1 Severe corrosion.

9 Mineral buildup that has badly reduced the hydraulic capacity unless the mineral buildup can be
mechanically removed to reinstate the inside diameter to at least 95% ofiitalatigyension.

9 Laterals with bends greater thandgégrees.
The following CIPL liner systems may be used to rehabilitate laterals as needed or directed:

1 Standard liners shaped as simple tubes that are used to reline the entire length of the Ig@ral or a
of it.

9 Connection Liners or-liners with a full circle mainline seal about 12 toitiéhes long that is
stitched and fused onto the CIPL liner extending up into the lateral at a minimum 12 inches or the full
length to the property line.

5.8.9.5 Lateral Chemical Grouting

The design of chemical grouting for laterals shall require:

Chemical grouting to comply with ASTM standards.

The service lateral to be cleaned and televised prior to grouting.

Roots and grease be removed from the service lateral priorutingyo

The use acrylamide, acrylate, acrylic resins, and urethane gels for grouting.
Void pressure to be monitored while grouting.

A postgrouting air test and/or visual confirmation of the sealed leak.

Fill voids on the outside of the pipe.

Stabilize thesoil around the structures.

Stop infiltration.

Seal the lateral connection with the mainline and the first one (1) to $eet®f the lateral.

Include the use of additives to chemical grouts to add protection against freezing and drying out
(ethyleneglycoal), inhibit root growth (Dichlobenil), and increase compressive and tensile strength of
the grout (latex emulsion/reinforcing agent).
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Chemical grouting shall not be used as a structural repair.
5.8.9.6 Lateral Flood Grouting

Under special circumstances, DGter may consider flood grouting as a method to eliminate infiltration

and exfiltration for structurally sound sewer systems with significant sources of inflow and infiltration.
Flood grouting is a geotechnical method of sealing manholes, mainlines,exatslaimultaneously in one

(1) setup. Flood grouting also improves the bedding and the soil around the pipes and manholes, stops
biogenic sulfur corrosion, and prevents future root growth into the sewer.

Design of lateral flood grouting shall include retqg:

T Environmentally friendly chemical solutions to
exfiltrate through defects in pipes and manholes into the soil, where they will chemically react with
each other. The cured grout with the soilragate shall create a watertight, sandsiikeesilicate
envelope around the leaks.
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1 Service laterals to be temporarily plugged at the cleanout during flood grouting.
1 Customer service to be restored within approximately eightd@)s.
5.8.9.7 Lateral Robotic Repairs

Design may permit robotic repairs to be used to provide a full structural repair of damaged connections
between the sewer and service laterals, and to stabilize the soil envelope around the pipes and stop
infiltration. Lateral robotic repairs will ifade positioning a cutting robot at the lateral opening in the
mainline to remove a small portion of the lateral pipe so that a silica or epoxy based resin can be injected
under pressure toenetratehe soil and voids behind the pipe and fill pipe cavity removed during cutting.
Resin may be injected in the presence of high groundwater infiltration. Robotic repairs typically extend up
to two (2)feet into the lateral depending on the resin compoued.us

5.8.10 Bypass Pumping

Calculate flows in existing piping to determine the projected flow rates that will be required to be bypass
pumped. Calculations shall include sufficient detail to allow a constructability review to be performed and:
1 The hydraulic gradéne (HGL) in calculations for pipes with diameters of 24 inches and larger.

1 When measured flow data is available, validation of the calculation to the flow data.

9 Calculations for peak flows under dry and wet conditions.

5.9 AERIAL PIPE CROSSINGS

Sewers laidn piers across ravines or streams may be permitted when it can be demonstrated that no other
practical alternative exists. The design of aerial crossing shall include:

1 An evaluation of the impact of flood waters and debiris.

Pipe elevation above the 28ar flood elevation.

Use of DIP with thickest wall available for the size of pipe.

Corrosion protection.

Mechanical restrained joints unless otherwise approved by DC Water.

Joints and supports shall be designed to prevent excessive flexion, overtamdisgitiement.

Precautions against freezing.

Evaluation for expansion and contraction.
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Evaluation of special construction requirements to minimize heaving where buried sewers change to
aerial sewers.

1 Expansion joints between above and below ground piping
5.10 PIPELINE DRAWINGS

Plans and profileshall be prepareth accordance with ParagragtB.5except when the requirement is
specifically identified for water mainsin addition, information shown othe sewerpipeline drawings
include, but is not limited to, showingtation and elevatiofior sewersof each change in horizontal
alignment on the plan

5.11 CROSS CONNECTIONS

Any cross connections found between sanitary sewed storm sewers shall beported to DC Water
immediately
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6. EARTH BACKFILL AND L ATERAL SUPPORT FOR BURIED PIPES
6.1 MODULUS OF SOIL REACTION (E 9

The E 6of the insitu material shall be estimated in the field by conducting standard penetration, cone

penetrometer or dilatometer tests. | n t-shiet ta bB& nice
100 psi.
I f t
be used
backfill material
done us

he EO -sitsbilse ha fg htelre tihrmn t he EO value of the ba
S in the design. I f ;sidmu tstoe |l otitserl olwaemrd ,t htame
, the latter should be used in the design. Altermatiaefinite element analysis may be
i ng the cor rseusapdbackfilsolg E6 values for in

6.2 SOIL ENHANCEMENT FO R LOW MODULUS OF SOIL REACTION Ei

If the in-situ soil has a standard penetration test blow count of{f#Qwr less, general ppose CLSM shall
be placed throughout the embedment zone.

Alternatively, the width of the trench backfill material may be increased to reduce the amount of pressure
transmitted to the ksitu soil. If used, this method shall be evaluated by a finite eleamatysis.
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7. ABANDONMENT AND REMO VAL OF SEWER AND WAT ER SYSTEMS

Abandonment of existing pipe shall comply with DC Water Standard Specifications. Clearly designate on
the Contract Drawingahich sewer and water systems are to be remavethbandoned.
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8.

CORROSION CONTROL

Perform corrosion control design on ductile iron,-giressed concrete, steel, and other ferric metal
pipelines as well as the metallic fittings/components ofmetallic pipelines and other structures in the
water distibution network when required by a DC Water scope of work. All corrosion control design shall
be overseen by a Corrosion Engineer, a National Association of Corrosion Engineers (NACE) certified
Senior Corrosion Technologist, or a NACE certifiédthodic Protection (CP) or Corrosion Specialist.
Corrosion control design is also required if new sources of stray currents are introduced near an existing
water or sewer asset.

Corrosion control design will include:

1

T
T

8.1

Phase 1 Preliminary Corrosion Analysis: A desktop analysis to determine whether corrosion
control may be required.

Phase 2 Testing: A field study to determine what corrosion control measures are required.
Phase 3 Design and Cost EstimateA design and cost estimate of the recommended corrosion
control measures.

REFERENCES AND STANDARDS

The current editions of the following NACE International practices and recommendations references are
acceptable and shall be considered primary sources of information:

T
T

T

1

T

SP0169 A Contr ol of Exntdeerrngarl o uGhodr roors i Sounb noenr gl d  Me t a l

SP0177 A St andar d Re cioMiigetian df@lternaimgaariterit ane Lightning
Ef fects on Metallic Structures and Corrosion Cor

SP02851 Ext ernal Corrosi on f@@gemank Systems by Cathodicer gr ound S
Protectiono.

SP0388 1A St a n d airlrdprefsedaCartent €athodic Protection of Internal Submerged

Surfaces of Carbon Steel Water Storage Tankso.
SP0187iDesi gn Considerations for CdromacgiedreoContr ol
SP0196i Gal vani ¢ Anode Cathodic Protection of Inter

St orage Tankso.

SP028611 St andar d Re c o ihElecialdsdlatiéhrofaCathodicaly Protected
Pipelineso.

TM0497:i Measur ement Technigues Related to Criteria
Submerged Metallic Piping Systemso.

The current editions of the following ASTM practices and recommendations references are acceptable and
shall be considered primarywgees of information:

T ASTMD257fi St andard Test Methods for DC Resistance o
T ASTMD512A St andard Test Methods for Chloride 1 on in
T ASTMD513fi St andard Test Met hods f or Totealdb. and Disso
T ASTMD516717 St andard Test Met hod f or Sul fate |l on i n V
T ASTMD1293iA St andard Test Met hods f or pH of Water o.
T ASTMDl1452fiSt andard Practice for Soil Exploration a
1 ASTMD1498A St andard Test Medultoh Port e@xii dat iodn Wat er 0O
T ASTMD2488in St andard Practice for Descr iMaiualon and | d
Procedure)o.

1 ASTM D422Q AStandard Practices for Preserving and T
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1 ASTMD4327i St andard Test MatbdopdbyoBuppressednl wn Ch

T ASTMD4373:iSt andard Test Met hod f or Rapi d Deter mi na:

1 ASTMD4658:fi St andard Test Met hod for Sulfide |l on in

T ASTMG5L AStandard Test Met hod fmrCderacsiiromgT @4t ior

T ASTMG57.Ai St andard Test Met hod for Field Measur emen
FourEl ectrode Met hodo.

T ASTMG187:iSt andard Test Method for MeasHtleceade nt of S
Soi | Box Met hodo.

1 éSTMlGZQO: iStandard Test Met ho dRefluction Pgtendas (ORP@ohent of

0i 0.

Additionally, the designer may also rely BWWA M27: A Ext er nal Corrosion Cont
Sustainabilityo

8.2 PHASE 1'EPRELIMINARY CORROSION ANALYSIS

Thecorrosion analysis of buried utilities shall evaluate:

9 Corrosion issues and the potential impact of a corrosion related pipe failure when considering
pipeline alignment.

1 The need for corrosion control testing when an existing pipeline is exposed fouctostor a new
pipeline is planned for installation.

1 The relevant items in the Phase 1 Checklist included in Appendix B. The Phase 1 Checklist shall
include:

9 Special circumstances (e.g. the project is on DC Water property) shall be noted and relevant
attachments.

1 Demonstrate the need or lack thereof to proceed to Phase 2.
1 Separatehecklists for each pipelin@ section of pipeline

9 Attachments copies of reports, maps, correspondence, etc. showing locations of stray current sources,
break locations, another circumstances that confirm the conclusions obtained in the analysis.

Identify, and where possible avoid, stray current sources which may require special corrosion control
measures. Potential stray current sources include, but are not limited to:

1T WMATA existing or proposed transit lines, especially surface routes.

1 Natural gas, fuel oil, gasoline, and other petroleum product pipelines with impressed current cathodic
protection systems.

1 Telephone and other communication lines or high voltage eledtriealencased in metal conduits
with impressed current cathodic protection systems.

1 Service stations with impressed current cathodic protection systems from buried fuel tanks and pipes.
1 Welding shops or other industrial facilities.
Upon approval by DC Watgproceed to Phase 2 if:

9 Based on visual inspection of the pipeline alignment or a record search along the alignef@nt, o
or more of the potential stray current sources is suspected within 2,000 ft of the pipeline.

9 Existing alignments in high conseence areas show a history of breaks.
1T The project includes water mains sixteen inches
If Phase 2 is unnecessary then the pipe will not require corrosion control.
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8.3 PHASE 2- TESTING

The need folCathodicProtection (CP) and theedign of CP is determined by field and laboratory tests
assessing the environmental conditions at the Gigessify soil samples according ASTM D2488and
test for:

1 Soil resistivity (ohrcm).

17 ORP (mV).

T pH.

1 Chloride concentration (ppm).

Soil samples fronthe anticipated pipe depth shall be obtained by a qualified geotechnical engineer at a
maximum spacing of 100®along the final alignment, unless the pipeline alignment is less than 2000 ft in
length, then the intervals shall not exceed seven hundeed7fg0ft). Shorter spacing between soil borings

may be used if required for the corrosion control analysis. The proposed boring locations shall be reviewed
by the Corrosion Engineer before any samples are obtained. Each soil sample shall total a (&ast on
guart in volume. All samples shall be preserved and transported in accordana&WithD422Q

8.3.1 Field Testing

Take insitu soil resistivity measurements, using Wenner FoutElectrode Methodn accordance with
ASTM G57, at a maximum of 50fbot spacing along the alignment-situ resistivity shall be reported as
resistivity between the depths containing the pipeline.

Takein-situ stray direct current (DC) measuremargarnatural gas and petroleum pipelines as well as at
other locations determéd to be necessary to evaluate stray current activity along the alignment. Testing
shall include measurement of etdtcell earth gradients in select areas and stru¢tiearth DC potential
measurements on existing utilities where available.

Takein-situ induced alternating current (AC) voltage measuremeaéshigh voltage overhead electric

lines as well as at other locations determined to be necessary to evaluate induced AC voltage impacts along
the alignment. Testing shall include measurement efstiength of electric fields in select areas and
structureto-earth AC potential measurements on existing utilities where available.

8.3.2 Laboratory Testing of Soils

Collect soil samples from borings or test pits and transport to the relevant laboratorgritaace with
ASTM D422Q In addition to classificatioper ASTM D2488 test each soil sample for pH, ORP, chloride
concentration, and soil resistiviperaccepted DC Water standards.

Refer to the saturated soil box resistivity measurement for theoswlition analysis. The soil sample with
the highest value in the system shall be taken as representative for everything connected to the given system.

8.3.3 Evaluation of Results

Complete the Phase 2 Checklistaluate test resultand recommend corrosion conitmeasures to DC
Water. Provideinformation on any existing pipelines to which the proposed CP system will be connected,
including pipe material, coatings, and existing CP measures (if any). Include-auoit asformation or
related documentatiosive a reference for groundwater depth based upon the water table height from the
county soil survey or a test boring if it is higher.

Refer toTable8-1 for stray current analysis afiégble8-2 for soil condition analysis.

Based on the site condition aysegs, determine the corrosion control measures that are required using
Figure8-1 for existing pipe an#Figure8-2 for new pipeFor the aisting pipe analyseaddress the existing
pipeline as it is exposed for constructaomd submia separate checklist for edolkation where thexisting

pipeis exposedNew pipe shalladdress the entire proposed pipe alighment based upon the worst case.

Any joints should be bonded and cathodic protection installed to the existing pipeline as they are available.
Existing CIP should be analyzed as if it were DIP.
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Table 8-1: Stray Current Analysis

Level Survey and Field Test Results
1 If a 2-hr stray current test resultsarb0 mV potential variation (from any source), or
9 Existing or future WMATA Metrorail lines, DDOBtreetcar lines, or welding shops at
Severe within 200 feet of the pipeline, or
1 Existing or future structures with ICCR(pressed current cathodic protec)ion cables
that are< 100 feet from the pipeline and have a ground bed within 2,000 feet.
1 If a 2hr stray current test results€460 mV potential variation (from any source), or
9 existing or future WMATA Metrorail lines, DDOT Streetcar lines, or welding shops
Moderate <500 feet from the pipeline, or
9 Existing or future buried structures with ICCP that< 500 feet from the pipeline, and
have a ground bed within 2,000 feet, or that are < 100 feet from the pipeline.
9 If a 2-hr stray current test results in no evidence of stray current from any source, g
9 Existing or future WMATA Metrorail lines, DDOT Streetcar lines, or welding shops
Negligible | 2 500 feet from the pipeline, or
9 Existing CP system or cables that &rB00 feet from the pipeline.
Table 8-2: Soil Condition Analysis
Parameter Range Points
01 2 5
>271 4 3
pH >41 8.5 0
>8.5 3
>1000 ppm 10
>50071 1000 ppm 6
[l >200__'|' 500 ppm 4
>507 200 ppm 2
071 50 ppm 0
Negative 5
071 100 mV 4
ORP >100mV 0
Clay (BlueGray) 10
Clay/Stone 5
Clay 3
Soil Description Silt 2
Clean Sand 0
< 1, @m0 ¢ 10
>1,0001 1, 50cth ¢ 8
>1,5001 2, 50cth ¢ 6
Soil Resistivity >25001 5, 00cth ¢ 4
>5,000-1 0, 060 ¢ 2
>10, Gan0 ¢ 0
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Figure 8-1: Existing Pipe Analysis
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Figure 8-2: New Pipe Analysis
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