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Section 1 TDEC - Fleming Training Center

Suggested Collection System Exam References

The following are approved as reference sources for the collection examinations.
Operators should use the latest edition of these reference sources to prepare for the exam.

Textbooks

California State University, Sacramento (CSUS) Foundation, Office of Water Programs
(www.owp.csus.edu)

e Operation of Wastewater Treatment Plants, Volume | and Il
e Operation and Maintenance of Wastewater Collection Systems, VVolume | and Il
e Manage for Success

Water Environment Federation (www.wef.org)

e Operation of Municipal Wastewater Treatment Plants - Manual of Practice No. 11
e Existing Sewer Evaluation and Rehabilitation - Manual of Practice FD-6

e Wastewater Collection Systems Management - Manual of Practice No. 7

Regulations

e Code of Federal Requlations, Title 40 (www.gpo.gov).

e Design Criteria_for Sewage Works, State of Tennessee, Department of Health and
Environment, Division of Water Pollution Control, Nashville, 1995.

e Rules Governing Water and Wastewater Operator Certification, State of Tennessee,
Department of Environment and Conservation, Board of Certification for Water and
Wastewater Operators, Nashville, TN, December 2009, Section 1200-5-3.

e State of Tennessee Cross-Connection Control Manual, State of Tennessee Department
of Environment and Conservation, Division of Water Supply, 2008

Study Guides

e WEF/ABC Collection Systems Operator’s Guide to Preparing for the
Certification Examination, Water Environment Federation, (www.wef.org).

e Applied Math for Wastewater Plant Operators, Price, Joanne. 2000. Boca Raton,
FL: CRC Press (www.crcpress.com).

Approved by Board September 27, 2012
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TDEC - Fleming Training Center Section 1

Suggested Primary Collection System Exam References

The following are approved as reference sources for the ABC water treatment examinations. Operators should use the latest
edition of these reference sources to prepare for the exam. These reference are not the only reference an operator should use in
studying for the exam, however, these are the primary references used in developing the exam.

Collection 1

**CSUS Operation and Maintenance of Wastewater Collection Systems VVolume |

**CSUS Operation of Wastewater Treatment Plants Volume 11
Design Criteria for Sewage Works State of Tennessee Department of Health and Environment Division of Water
Pollution Control Nashville, Latest Revision

CSUS Operation and Maintenance of Wastewater Collection Systems VVolume 11

CSUS Operation of Wastewater Treatment Plants VVolume |

Price Joanne Kirkpatrick Applied Math for Wastewater Plant Operators Technomic Publishing Company
Inc. Lancaster PA 1991

Rules Governing Water and Wastewater Operator Certification, State of Tennessee, Department of Environment and
Conservation, Board of Certification for Water and Wastewater Operators, Nashville, Latest Revision

Collection 2

**CSUS Operation and Maintenance of Wastewater Collection Systems VVolume |
**CSUS Operation of Wastewater Treatment Plants Volume 11
**CSUS Operation and Maintenance of Wastewater Collection Systems Volume 11

CSUS Operation of Wastewater Treatment Plants VVolume |

Design Criteria for Sewage Works State of Tennessee Department of Health and Environment Division of Water
Pollution Control Nashville, Latest Revision

CSUS Operation and Maintenance of Wastewater Collection Systems
Rules Governing Water and Wastewater Operator Certification, State of Tennessee, Department of Environment and
Conservation, Board of Certification for Water and Wastewater Operators, Nashville, Latest Revision

There are 2-3 primary references for each of exam. The ** denotes that 20+ of the exam items are linked to the noted reference.

Bold items have at least three items linked to them. Any references that are not in bold, have only 1-2 items linked to them.

The Tennessee State references are included, however, there is a sixth reference if the sixth had at least three items linked to it; in
some cases this was a tie of 2-3 references with just a few items each. State of Tennessee references are italicized.

Exam Need to Know & References 3



Section 1 TDEC - Fleming Training Center

Grade 2 Collection Systems Operator
Need-To-Know Criteria (Subject Areas)

The following list of categories suggests topics of information which are important to know in order to be a successful and
proficient Grade 1 Collection Systems Operator. The list may not be all inclusive, and knowledge of additional topics may
be of benefit to the operator.

Category of Information: Process

Gravity Sewers Corrosion Control
e Describe e Describe
e Operation/maintenance e Methods

e Design/Construction
Infiltration/Inflow Devices

Pressure Sewers e Describe
e Describe e Methods of inspection and testing
e Operation/maintenance e Concept of sewer rehabilitation
e Design/Construction
Lift Stations
Vacuum Systems e Operation/maintenance

e Describe
e Operation/maintenance
e Design/Construction

Sewer Equipment
e Application
e Maintenance

e Design/Construction

Flow/Velocity Measurement
e Describe
e Purpose
e Flow regulators

e Use/Procedure Manholes
e Describe
Aeration e Purpose
e Purpose e Design/Construction

e Describe types
Cross-Connection

Chemical Additives e Definition
e Purpose e Types of devices
e Methods
e Equipment
Chlorination
e Purpose
e Methods
e Equipment
Category of Information: Support Systems/Equipment
Motors Pumps
e Single phase e  Air Lift
e Poly phase e Centrifugal
e Variable speed e Positive displacement
o Piston plunger
Drives o Progressive cavity
e Coupled o Diaphragm
e Direct (Shaft; Gear) e Screw
e Speed Reducer (Fixed; Variable) e Turbine
¢ Right angle e Metering
e Ejector
Blowers and Compressors
e Centrifugal Joints
e Positive displacement (Rotary; Piston) e Flanged
e Compression
Generators — AC & DC e Dresser
e Victualic
Engines — Gasoline, Diesel & Gas e Fused
e Threaded
Hydrants (Basic)
Grade 2 Collection Systems Operator Need-To-Know 1

Revised January 23, 2009
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TDEC - Fleming Training Center Section 1

Category of Information: Support Systems/Equipment (continued)

Valves Measuring and Control
e Ball e Signal generators
e Check 0 Kennison nozzle
e Globe 0 Magnetic flowmeter
o Gate o Parshall flume
e Plug o Proportional weir
e Petcock o0 Rectangular weir
e Pressure control o Venturi
e Vacuum relief o Propeller meter
e Mud o Ultrasonic
e Butterfly o Pitot tube
e Multiport e Signal transmitters
e Telescoping o Electric
e Sluice Gate 0 Pneumatic
o Airrelease 0 Hydraulic
e Foot 0 Mechanical
e Altitude 0 Telemetry
e Signal receivers
Pipes o Counters
e Types o0 Indicators
e Cleaning/maintenance 0 Log Scale Indicators
e Sewer rehabilitation 0 Totalizers
o Recorders
Fittings o Combination recorders
e Coupling e Meters
e Union 0 Hydraulic — Rotameters
e Plug/Caps o Electrical - Amp
e Corporation (Ferrell; Cock) o Electrical — Watt
e Curb Stop o Electrical — Watt Hour
e Special o Electrical — Multi
o Electrical — Multi — VOM
Odor Control o Electrical — Megger
° Biofilters 0 Mechanical - RPM
e Chemical Additives : Qams
e Scrubbers o Pneumatic
] o Float
Rolling Stock o Hydraulic
e Service vehicles o Electrical
o Fork lifts o0 Telemetry
e Trucks o Timers
e Tractors
e Trailers Transformers
e Lawn Mowers e Step down
e Loaders e Stepup
e Portable pumps
e Generators Safety Equipment

e Personal protection gear

Chemical Feeders e Traffic control (Warning devices; Barricades)
e Solids e Hazard detection
e Liquids e First Aid/Hygiene
e Slurry

Category of Information: Laboratory

Materials testing
e Concrete
e Piping

Grade 2 Collection Systems Operator Need-To-Know
Revised January 23, 2009
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Section 1

Category of Information:

Units of expression
e Define units
e Convert units

Sources and characteristics
Characterizing sources
e Quality/quantity

o |dentify characteristics
e Describe effects

Electrical
e Basic concepts
e Math calculations

Hydraulics
e Basic concepts
e Math calculations

Maps/plans
e Interpretation and use
e Describe types

Grade 2 Collection Systems Operator Need-To-Know
Revised January 23, 2009

TDEC - Fleming Training Center

General Information/Knowledge
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TDEC - Fleming Training Center

Tra|n|ng
Center

Department of
Environment &
—_CONServation

APPLICATION FOR CERTIFICATE
OF COMPETENCY

WATER AND WASTEWATER OPERATOR CERTIFICATION BOARD

APPLICATION FOR CERTIFICATE OF COMPETENCY
‘Water and Wastewater Operator Certification Board

1 Mam aither "CXaMINABON. Of “RECIOGTY. 10 INGICAtE how want licaon considered.  Reciproci
et shoi PEare state, eous oo e nambke S

ification, and license numi

Application for Centfication by: Exam  Reciprocity (i reciprocity) State___ Class___Mo.
Do you presently hold a waler or wastewater certificate in the state of Tennessee?  Yes No

% Crcle orly 1 classlicaton. A separaia appucaton s be submited for each classiication or Which you re "
Saplying

Wastewster Water For Board Uso Onl

Blological Natural
Wastewater Treatment 1
Wastewater Treatment 2

Wastewater Treatment 3

Page 2

Wastewater Treatment 4
Collectian Systems 1

Collection Systems 2

* This will be the first
page you fill out

Small Water System [
Water Treatment 1
Water Treatment 2

Water Treatment 3

Water Trestment &
Distribution Systems 1 Recarmendation
Distribution Systems 2 Fteer

mmmmmm

mmmmmm

|2 Compiate all of the following parsonal information. All COMTEsponGanca concemin ‘application will be sent to the
Sacrbs aniered baiow: e 8 v

Last Hame:

First Name: M

Mailing Address:

ciry:

State: Zip:

Hoight
| vieight

Work Phene: () Home Phone: () Eye Calor
‘Social Sacurity Number: [
Employment County. Resident County:

Emall Address:

Currently Employed AL:

Tennesses Facilty LD. Number: PWSIDE NPDESH

I Am A United States Citizen: ___ Yes
Check the examination type: Electronic

0704 (e 05.22)

oA 2408
Page 2618

Exam Need to Know & References
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Section 1

TDEC - Fleming Training Center

APPLICATION FOR CERTIFICATE OF COMPETENCY
Water and Wastewater Operator Certification Board

H 1

Mark either "Examination™ or "Reciprocity” to indicate how you want your application considered. Reciprocity
applicants should indicate state, license classification, and license number.

Application for Certification by: Exam

___Reciprocity ___ (If

iprocity) State Class No.

Do you presently hold a water or wastewater certificate in the state of Tennessee? Yes No

Circle only 1 classification. A separate application must be submitted for each classification for which you are ||

applying.

Wastewater Classifications
Biological Natural
Wastewater Treatment 1
Wastewater Treatment 2
Wastewater Treatment 3
Wastewater Treatment 4
Collection Systems 1

Collection Systems 2

Water Classifications

Small Water System
Water Treatment 1
Water Treatment 2
Water Treatment 3
Water Treatment 4
Distribution Systems 1

Distribution Systems 2

For Board Use Only

Education

Months of Experience

Work O.E.

College O.E.

Related O.E.

TOTAL

Recommendation

Reviewer

Date

il

Last Name: First Name: M/I:

Mailing Address:

City: State: Zip: Height
Weight

Work Phone: ( ) Home Phone: ( ) Eye Color
Sex

Social Security Number: Birthdate: / [

Employment County:

Email Address:

Resident County:

Currently Employed At:

Tennessee Facility 1.D.

PWSID#

I Am A United States Citizen: Yes

Check the examination type: Electronic

NPDES#

Exam Need to Know & References




TDEC - Fleming Training Center

of your high school diploma or GED certificate must be submitted with your application unless you have one on
are Raving Loliege mnmpu submitted. youraee o

Are you a high school graduate? Yes No Date of graduation

If not, do you have a GED certificate? Yes

No Date received GED

T coll ree s required for the classificabion for which you are applying of if college Work is being claimed as
credit me(g:xgmnw mscrpls must be submitled arecty lo'ihe Board by the college o unwersiy. If Jou a
wul college transcript for proof of high school education, the transcript does not have to bé m: frof

Have you graduated from a college or university? Yes No

School Year ___ Degree ___ Major

Ie,

List courses and seminars which relate to water/wastewater operations. Proof of successful completion must be
juded, and course descriptions or catalogs should be attached.

School, Seminars, and Other Training in Water or Wastewater Operations

Page 3

Tength
Course Provider course

Instructions for Completing Job Pages: ]

The following three pages are available for describi
If you need additional pages, make copies of these
be used to determine your qualifications to take the

ing related job activities. Complete a job page for each related job.
pages and attach to this application. " The information provided will
exam

Bogin With your present or most fecent ob. List NPDES or PWSID numbers for Tennessee facilties. For esch facity
that does not have a Tennessee |.D. number, request and complete a Supplement A/B Form.

On each job page ate four checklist sactions describing operating activties, Place a check mark beside each actiity
you performed while in that job. At the bottom of each section, list the tofal percent of time required to perform the
activiies checked. If the checklist does not adequately describe all of your duties and experience, use the blanks at
the botiom of the page for additional information. The total percentage for any job page must not exceed 100%.

To reach your local
REGIONAL ENVIRONMENTAL FIELD OFFICE
Call 1-888-891-8332 OR 1-838-891-TDEC

* Please provide copies
of the completion for
each course listed

* 3 months of operating
experience will be given
for all WW, WT, DS,
SWS, CS, BNS

* Up to 36 months of
operating experience
can be given for Grade
4 WT, WW only

=

If a college degree is required for the classification for which you are applying or if college work is being claimed as
fans:

credit for expenence, franscrits must be submitted directly o the Board by the college o university. If ¥uu are on
USIng your college anscrpt for oot of hign scnool education, e Transcrpt does ot have (o be maied from the
school

Have you graduated from a college or university? Yes __ No
School Year __ Degree _ Major

6. List courses and seminars which relate to water/wastewater operations. Proof of successful completion must be
included, and course descriptions or catalogs should be attached.

School, Seminars, and Other Training in Water or Wastewater Operations.

Length of
Course Provider course

Exam Need to Know & References
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Section 1 TDEC - Fleming Training Center

Job A (List most recent posiion ] [For Ietruciions, see Number 7, page 31

Employed: From _ _ To __ __ Thin of Your Posttn:

[Facility At Which Employed:

mmediate Supervisor:
[T npoES 2 or TNPWSID# Average Number Hours Worked Per Week:

Waiter Trestment Operations Section
e ot N F Lo
tich you perorm. Lis e 1o percentage of ime which you i ufh=a|:nw||=swhmywm=:k=d
Geerascn & maniznance (0 & M) of preseatmert sytems Portamance o iaborsory cor
ST o oo o s e oy Tl e
o 2y i o e et s
e sy S 0ot s s

aniizason e syem: Frart & gound marsenance
yeoc

JTaTAL % TIME SPENT IN THE ABDVE CHECKED ACTIVTIES:

Distribulion System Operations Section
perceriage of e Which Yol Spend Ferarinmg s of e a0 iies Fich you checked -
Fipeline instalstion

enance (0 & M)of pumy
o k pem nsiaigien o e

= m’?
e masing Cross Canneglion Centrel
TOTAL 5 TIME SPENT IN THE ABQVE CHECKED ACTIUITIES

Wastewater Treatment Oy ions Section
oy e o . o Bt pease o e mE‘,’é..”S’;mE mE“ﬁlm“ R e

et pracess contol das for pant aperatons Adusinentof asiuser vy o fow
Pa e 4 T SRR e g e _’r:”“da.ngn..,,,.
lelnlufsmdsp‘.rnpnlglmm:\uiﬁ:n rotaling bickog mmmmnacj
ol of scum removal Caerabin of cormie fead e ff irtecto
T Gonir ot ehim and i e rales &u:umdmgulﬂsa o s

Bertorm calciiabons and use them 1 operate ad Pertm St Ltaty Corirol tesks
il plan Inberaret b resuile 1o mareve e Musrt guslly

[TOTAL % TIME SPENT IN THE ABOVE CHECKED ACTIVITIES:

Callection System Operations Section
mmﬂm’ﬁmvﬂmm = S SCepTae Ty ool Speraleg ipeencs. Pate T § e ==

e perform List the kal perceniage of e which you spend performing il o e Schitis which you checkes
Operaton 8 msirerace (0 & Mol purn Manole mensnce ard repais
_ gaNolinzion ¢ olpumps: Leak Geiectan rer

Line installation
Instalfatian of serice connections
O o lrves il equipmant

[ TOTAL % TIME SPENT I THE ABOVE CHECKED ACTIVITIES

Line Gk
jork an 1. vngm

% Time List any duties not coversd in the sections above.

CHATDA (Rew 05-27) Page dof 8 ROAZ404

Make sure the dates are correct fo Total time can only add up to 100%

each job page filled out Fill out a separate form for each job
NPDES # or PWSID # required

Tob A (L posiiion) {For 7, page3) 305 & Lt most recentposifon) (For etrucions, see Number T, 6aga 11
100 o shcw mora han 107% for your TOTAL acthvties n e jon) 1 100% o your TOTAL s
Empioyec: From __ __ To _ __ Titleof Your Position: Employed: From __ __ To _ | Title of Your Position:
Facilcy at Which Empioyed: Immediate Supervisor: [Faciity At Which Employed: immediate Supervisor:
i NPOES 2 or TNPWSID # Average Number Hours Worked Por Weak: T NPOES & or TN PWSID# verage Number Hours Warked Per Weak:
Walor Trestment Operations Secion Water Troatment Operations Seclion
R T e e = T e o o L o
Ul the i you eheche i g perom. Lt e b pecentage f e e aciin
o & maarc 0 ) o e s s o ooy gt L pr——— Ve s o sy conv
=iy il - &, s A P -
Tirionsysiens i merove cohertaually X oinudi nnsyimi 5 gnmumwmnmmm.aw
R s T of pamps e ks DL Nl b s 8Tl s
e 1, AR g HE— e Al
& ochorrstion 25 s e ssms LR Rt i —
50% 100%
rara s T soent e apove cHeoren acTITIES: o ro7aL % e cpenTin e amove cHECKED ACTIATIES: (]
Distrbulion System Operations Section Distrbution Sysiem peralions Section
FET L e T T =
Dororm, Lt e | o e i Yl cheched, Gl stk o i = e o T wh i
' Qpeation & mattecnos (0 & Myl puy Pipeie nstallation rigrance (0.8 ) of pury
ST gaanee (0 & Mol pumps - g 1 7 s (08 Mielpumps T indtatabonol taps
—% O& Mol fire hycranis = Leak deiection i ——— Leak detecto
BN s fret=y Lo fepare
0 &1 6 brage ke ] e it peading
BiSiaan syer hsting o & R Bion Control o EonniRion Cortol
ot s mue seenriv i neove crecxeo semmes: 350%™ [07AL % THE SPENT I THE ABCVE CHECKED ACTIATES

“Wastewater Treatment Operations Section Wastewater Treatment Operations Section
acity which you petorm. Lath ‘"""”E“"Eﬁ'ﬁﬁgﬂu“"“gg""“" e sch o J!mﬂﬂmm?"_%m T Gper st experence:

i) chviy which you peiorm. L e sl perceriage

Interprel process contol dats o Adjusiment of waslewater [evels o fow nerpret process cantrol data for Adjusiment ol wastewater [evels o fow

T Gl i mamizmance ol refenia STy v, — hiiemz ihvaugh a ¢ T G e ey Vs, — "piliems hrovgna
e T, el e o kol o 2 oS o e o o e r s i e or
Emlrnlnfsﬂldxpmp e Slirgbagen et (56) oot e s pib B cardiers g oages o (56)
Gonlol ofscum femehal iy et omatin o femd i o recion Gonirl o scum femeval n cifers et o i e o ecion
Cin) o ki S e e e e Eonicl ol rehm and wasie sheige rsies B
Conie of eratem i Ehont focer Eonre o raten s oo focem
[ A —— pet B cacsons am use them o operate and pe
i e wmmmb.mlmmm“mmwmy anire wan \nEmlhblm’memvreMmmnulmy
TOTAL % TIVE SPENT IN THE ABOVE CHECKED ACTIVITES: TOTAL % TIME SPENT IN THE ABOVE CHECKED ACTIVITIES
Colection System Operations Section Collection System Operations Section
B T g T oy e e T e b e ey e e T
o peric. List e il percaniags i Yo checked. o peram. You cheched.
Gpertion & maseranos (0. Mol Manbole marmenane and repais Opertion e (0. U)ol lbole maenaros s epoks
B ey e (04 Metpumes Lok Geecion = OTona (08 Wielpumr Lok Geecio =
—— G&Moivanes — 8i Lie e
Cie nsatater Coe nénlait i cn
Eran o Servos connecions et o Seror connecizns ooty e
G Wil e ant gt Nl nes 3 suspment
TOTAL % TIME SPENT IN THE ABOVE CHECKED ACTIVITIES: TOTAL % TIME SPENT IN THE ABOVE CHECKED ACTIVITIES

% Time List any uties not coversd In the sections above. ] Time | ist any Outies not covered [n the sections sbove.
| I
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TDEC - Fleming Training Center

* Once again,
the Total time
spent can only
add up to
100%

Job A: (List most mmrﬂ*%ﬁﬂﬂmmﬂmh? ', page 3.)

Employed: From __ __ Ta __ __ Title of Your Position:
ol

pe g

[Facility At Which
Average Number Hours Worked Per Week:

or TH PWSID#

er TMI‘IHM( Operations Section
NPT e e
checked

e BepTe
Tt the 1k percentage of e which you Spand peraning all of #1a aciies which you

m-:\n)u i
Cperaicn & mantznance (O & M) of presreatment systems. rfomance of laboraiory contral tests:
A M of coaguiant teed systems Illnlplrlibnmmmsu ana make
~ St ot T sysaems iz i mprove et uaty
& M of fucrice fead sysiems Sir pm
4 M of siskikzaton foed systems fohm i i
0 & M of MypOChicrRaton 1 gas CHICANNGn sysiems

et I e ABCAE CHECKED AETVTES: DD /0

4

Distribution System Operations Section

S e B EE
ict you parcem, List i 1 pertentage o e Which Yo SFend peririrs a of fie ck viles which Jo checked.

tion & mairderancs (0 & M) of pumps

L Geere

= oammrmnymms

—— Bl —
o

] B R atning i Cross Canneclion Contral

[romar s T sPENT IN THE ABOVE CHECKED AcTVITES: D A’

Pigeine insallsicn
alion of Laps

lons Section

‘Wastewaler Treatment O)
STET WSS T FEalEnT anT CpEralee Srpeneer T Es [Ns 8 TS o T BeE

he total perceniage af Sme which you spend pebrming all of lhe acivilies which you checked.
Adiustnant of waslewster evals o

B
List

oty abich yau pesform.

L Interprat erocess control data for
Cleshing and maiiien e of relen |nary o e, rough a sgm
Sar sreens, i chaimer 5, Caminuion, et ﬁm u[lw:ulahun i g e or
P lernln[!.n pumping from clarfiers ciogical contactos |
scum remeval in carfers Cperatin ot hcema oo muum  sebocton
gl = i (e Operaticn of digesiers andior sol
Conirol of serabon rates. Contitioning processes
Perform calcualicns and use them 1o aperale and Perform laborata
. *cantrol planl Irrpret s retufl 1 e sflased qualty

o
TOTAL % TIME SPENT IN THE ABOVE CHECKED ACTIVITIES: 30A‘
Collection System O

lons Soeﬂon

e T T
ot o List s Yol Purceratas of i which Yo sgursl Porboevin all ol ot il whics you cheschund.

Qeeraton & mairienaroe (018 M) of pur Masthole mairtenance nd repairs
v O U ol sai L pumes uqkugm
= Q& Moty i
Dl ttaion Cine Ceaning
Insfafistion af saros connections Work an 1. trew
O'd M of lnes ar equipment

)
TOTAL 5% TIME SPENT IN THE ABOVE CHECKED ACTIVITIES: 10%

| o Time | List any duties not covered in the sections above
]

e Attach check or
money order for
$100.00

* Must include copy
of driver’s license or
birth certificate

Additional Information or Comments (You may attach additional pages.)

Add
:wmmm:

1o Treazurer, State of Tennezzee, and mail to the address
amourt. All appication fees are non refundatie.

Alizch chedk o morey order o S100 00 sogacaten s, mace parat)
jication cannol b revewed without receipt of proper

fsed beiow
note_Applications cannot be faxed

—Hm you attached your check or money order for § 100.007 Yes No
Have you attached proof of H.S. education or equivalent?
] have you that your college transcript be sent to the re Cartifcaiion Board?
No

) i applicable, have you attached proof of attendance at related schools or course work?

Yes No
I Have you attached of Yes No l
Make check or money order payable to Treasurer. Si of Tennessee.
Mail all order for § 100.00 to:

and
Operator Certification Board
Julian R. Fleming Training Center
2022 Blanton Drive
Murfreesboro, TN 37129
(615) B98-8090

Applicants wilh deabilites which affect their ability lo partiGpale in a reguiar wrillen examinafion may be shgie far an
ahesrative examination andior assistance or sccommodation.  Applicants desmed as unable to partispale in regular
writien examination procedure: may substiute anothes examinalion method ar receive assistance or accommodation. Ta

Disability:

Pleass mail information on altsmative sxaminations, assistance and accommordations

receive information call: (§15) B58-B080 or check e box below.

Exam Need to Know & References
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Section 1 TDEC - Fleming Training Center

erfication of wos
the applicant’s work experience.
authonity with the svstem,

Thereby cartify the n the work section of this application Is true and
correct to the best of my As specified in Ti Code Section 39-16-702(a)(4),
this declaration is made under penailty of perjury.

| have observed this applicant for. years.

orille : [Cortfication Number ey |

(Please Print)

Signature of Certified Operator:

Page 8

Complets This Section Only If A Certified Operato
Printad name and signature of person In authority of the

s system
{if different than above)

Name of faclity/utity/system:
* Certified Operator

signing MUST be Address: (umber 6na Sreel]
equal to or higher

Zip code:
than exam sitting for _—k—‘—

by a p p | | ca nt M u St 10. Application must be slg;ead and dated. By signing, applicant verifies that all information supplied on this application is correct 1o the

best of hisher knowle
include certification #.

I certify under penalty of law that this document and all attachments were prepared by me, or under my direction
. or supervision. The submitted information is to the best of my knowledge and belief true, accurate, and complete:
¢ If none availa ble, then and that T am lawfully present in the United States as a US. citizen or a qualified alien as defined in 8 US.C
. §1641(b). Tam aware that there are significant penalties for submitting false information, including the possibility

fl” Out gray bOX. of fine and imprisonment. As specified in Tennessee Code Annotated Section 39-16-702(a)(4), this declaration is

. . . made under penalty of perjury.
* Please sign application

I Tt o Apcanian Tgnitors of Seaicant I

12 Exam Need to Know & References
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Section 2

TDEC - Fleming Training Center

Fleming
Jraining
Center

Department of

Introduction to Collection
Systems

Environment &
—_CoOnNservation

Wastewater Collection Systems

Wastewater Collection Systems

» A wastewater collection system gathers the
used water from homes and businesses and
conveys it to a wastewater treatment facility

» The used water comes from kitchens and
bathrooms or different processes of homes,
businesses and industries

» Additional water can also enter the collection
system from groundwater, surface water, and
stormwater

Wastewater Collection Systems

» The system must be kept in good operating
conditions because if it fails...

Blockages occur in the lines resulting in
wastewater backups into homes and businesses
Raw wastewater can bypass the treatment facility
resulting in contamination of surface waters and
public health issues
Streets collapse — leaking sewer mains saturate
the ground surrounding the pipe and eventually
wash away the bedding materials leaving a void
that can cause a collapse in the street above

Wastewater Collection Systems

Wastewater Collection Systems

» Proper operation and maintenance of the
collection system is a way to protect the
capital investment the community has made in
the system so that it performs its intended
function and be used efficiently throughout the
planned life of the system

» This is achieved by trained collection system
operators who use manual and power
operated equipment to install, inspect, and
repair the system to keep it running

“The better collection systems
operators are trained to do
their jobs, the more effectively
a wastewater treatment plant
can do its intended job.”*

* Operation and Maintenance of Wastewater Collection Systems — Vol. |, 7t Edition

14 Wastewater Collection Systems Overview
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Section 2

Introduction to Wastewater
Treatment

Why do we treat waste?

E{"?g:;l?l'lgg TN Department of
Center Environment &
=—=_Conservation

Purpose of Wastewater Treatment

» To protect the environment and public health

by:
Removing solids Disense
Stabilizing organic matter causing

Removing pathogenic organisms

What is Pure Water

» Water is made up of two
WaterSaglecrte hydrogen atoms and one oxygen
atom

» “Pure” water is manufactured in
labs, even rain and distilled water
contain other substances called
impurities

» The majority of wastewater is just
water, a much smaller portion are
wastes

Types of Waste

HO.
. OH
» Organic waste "‘f} HOIS_—/O"
Contains carbon HO' o0 Sucrose
o4 o

Will use up oxygen in water
More food = More bugs = More oxygen used
» Inorganic waste

Salts Gravel
Metals Sand

» Both may come from domestic or industrial waste
» Collection systems job is to get all solids to WWTP

Waste Solids

» Total solids
» Dissolved solids
» Suspended solids

Settleable
Nonsettleable
» Floatable solids ossonea 500 oL
» Organic and Toa Sics ok
inorganic solids _I_ I
Susponced L |

Solfgs
l 150 T/L

Organic Waste

» Domestic wastewater contains a large amount of
organic waste

» Industries also contribute some amounts of organic
wastes

» Some of these organic industrial wastes come from
vegetable and fruit packing, dairy processing, meat
packing, tanning and processing of poultry, oil, paper
and fiber 24

LE
PASRNRR
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Importance of Organic Waste

Oxygen Depletion

» Organic material consumes oxygen in water
Bacteria will “feed” on organic matter and most
need oxygen to be able to do this
We want these bacteria to “feed” on the organic
matter and use it up in the treatment plant and not
In our recelving water

» High concentrations of organic material can

cause taste and odor problems in recreational
and drinking water

» Some material may be hazardous

» When organic wastes are discharged to a
receiving stream bacteria begin to feed on it,
these bacteria need oxygen for this process

As more organic waste is added to the receiving

stream, the bacteria reproduce aq/'

As the bacteria reproduce, they use up more (
oxygen, faster than it can be replenished by natural
diffusion from the atmosphere
This can potentially cause a fish kill and odors
» Eutrophication
the gradual increase in the concentration of
phosphorus, nitrogen, and other plant nutrients in an
aquatic ecosystem

Oxygen Depletion

Dissolved Oxygen

» Most living creatures, including fish, need
oxygen to survive
» In water this oxygen is present as dissolved
oxygen
Most fish can survive with at least 5 mg/L DO

» There are two important factors that
can influence the amount of dissolved
oxygen present:

Water Temperature
Greater temperature A\ Less DO W
Lower temperature ¥ More DO "

Organic matter
Organic material requires oxygen to
decompose
More organic material requires more
DO, and will tend to deplete water of
DO

Oxygen Depletion

Water Pollution

» One of the principal objectives of wastewater
treatment is to prevent as much of this
“oxygen-demanding” organic material as
possible from entering the receiving water

» Any condition caused
by human activity that
adversely affects the
quality of stream, lake,
ocean, or groundwater
TR P U,
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Section 2

NPDES Permit

STATE OF TENNESSEE

NPDES PERMIT

Mo, THOD—

PP ——
Nt P B e b e T8

» National Pollutant Discharge Elimination System
Required by the Federal Water Pollution Act

Amendments of 1972 to help keep the nation’s
water suitable for swimming and for fish and other

wildlife
Regulates discharges

SRS ;

» The treatment plant removes the organic
matter the same way a stream would in
nature, but it works more efficiently by
removing the wastes in secondary treatment

» The treatment plant is designed and
operated to use natural organisms such as
bacteria to stabilize and remove organic
matter

» Initial efforts for wastewater treatment came
from preventing disease outbreaks
Most bacteria in wastewater are not harmful to humans
Humans who have a disease caused by bacteria or viruses
can discharge some of these pathogens
Many serious outbreaks of communicable diseases have
been traced back to contamination of drinking water or

food from domestic wastewater p—
7
» Good personal hygiene d i |
is your best defense e
. . . . -y
against infections and i
disease “‘___r'

BDINENES

» Bacteria
Cholera
Dysentery
Shigella
Salmonella
Typhoid

» Viruses
Polio
Hepatitis (Jaundice)
» Protozoa
Giardia lamblia
Cryptosporidium parvum

Wastewater Characteristics

Wastewater Treatment Processes

» Fresh wastewater is usually a grey/dishwater
color
Septic wastewater will typically have a black
color

» Fresh domestic wastewater has a
musty/earthy odor
If the wastewater is allowed to go septic, this 52
will change significantly to a rotten egg odor
associated with the production of hydrogen
sulfide gas

Primary Secondary
Treatment Treatment
« Screening
»  Grit Removal
Preaeration

+ Flow Metering and Sampling

Tertiary Solids

Treat. (Advanced) fisniecion Treatment

Wastewater Collection Systems Overview 17
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Preliminary Treatment

TDEC - Fleming Training Center

» The main goal of preliminary treatment is to
remove as many solids as possible from the
wastewater stream

» This is accomplished by passing the wastewater
through screens to filter out large solids and
then slowing the water down to settle out
smaller solids

» Solids are removed and treated as solid waste
and not treated with the dissolved solids in the
wastewater

Preliminary Treatment

Solids Screening
» Variations: bar racks,
mechanical rotating, rotary
drum screen
» Must be cleaned regularly to
prevent restriction of flow

» Failure to keep a bar screen
clean can also result in a
shock load

» Removes roots, rags, cans. ..

Preliminary Treatment

» Cause many problems in
collection and treatment
plant systems

Fill storage areas, clog
ditches and channels

Interfere with mechanical
systems

Associated with
taste/color/clarity
problems in drinking
water

Preliminary Treatment

Solids Shredding

» Comminuter — device used to reduce
the size of the solid materials in the
wastewater by shredding

» Smaller solids can be settled out and
cause less problems with pumps Muffin Monster
downstream

» Can help with clogging problems from
rags and wipes

» Solids are not removed by a
comminuter

Wastewater Treatment Processes

Aerated Grit Chamber

» | ft/sec flow through grit
chamber

» Used to remove grit — heavy,
mainly inorganic solids (sand,
egg shells, gravel, seeds, etc.)

» Aeration also freshens
wastewater and helps remove
floatables

» Cyclone Grit Chamber

» Vortex forces heavier particles
to sink

Secondary
Treatment

Preliminary
Treatment

+ Sedimentation and Flotation

Tertiary Solids

Disinfection

Treatment

Treat. (Advanced)

18 Wastewater Collection Systems Overview
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Primary Clarifier

Section 2

Primary Clarifier

Cross section of circular clarifier

Support Column 3 Sludge Discharge Pit

Wastewater Treatment Processes

Preliminary I Primary
Treatment I Treatment

« Mechanical « Biological Treatment
« Sedimentation

Uit Disinfection SllE
Treat. (Advanced) Treatment

Biological Constituents

» Many are human pathogens

» Most occupy a role in the treatment process

» They are:
Bacteria
Archaea

Fungi/yeast
g y ‘Amoeba ingesting alga Rotifer
Protozoa
Rotifers
Algae

Viruses

Paramecia conjugating Stalked Ciliates

Scum removal

Rectangular clarifier

» Goal of primary treatment is settle out more
solids

» Velocity drops to < | fps

» Separates settleable and floatable solids

» Detention time ~ 1.5-2.0 hrs

» Raw water is gray

Secondary Treatment

» The main goal of secondary treatment is to
remove organic waste from the wastewater
stream

» This is accomplished biologically by allowing
the waste to come into contact and be
consumed by a population of microorganisms

» The reduction of waste from the
microorganisms occurs in some type of
biological reactor

Biological Reactors

» There are different ways the “bugs” can come
into contact with the waste
Fixed film reactors

Trickling Filter

Wastewater Collection Systems Overview 19
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Biological Reactors

» There are different ways the “bugs” can come
into contact with the waste
Fixed film reactors

Rotating Biological
Reactor “RBC”

Biological Reactors

TDEC - Fleming Training Center

Biological Reactors

» There are different ways the “bugs” can come
into contact with the waste
Mixed reactors

Z

Oxidation Ditch Sequencing Batch Reactor “SBR”

Biological Reactors

» Secondary treatment requires a balance of
organic waste and oxygen to maintain a
healthy bug population for treatment

Mechanical aeration

Wastewater Treatment Processes

Preliminary Primary Secondary
Treatment Treatment Treatment

- . Solids
L Disinfection Treatment

+ Chemical Nitrogen and
Phosphorous Removal

+ Biological Nutrient
Removal

* Multimedia Filtration

» A secondary clarifier is used settle out solids
from the biological reactor to yield a treated
effluent

» Solids are either returned to mixed reactors
(RAS) or wasted from fixed film reactors

Secondary Clarifier

Preliminary Primary Secondary
Treatment Treatment Treatment

Solids
Treatment

Tertiary

Treat. (Advanced)

« Ultraviolet Irradiation
 Chlorine Gas

« Sodium Hypochlorite
« Calcium Hypochlorite

20 Wastewater Collection Systems Overview
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Disinfection

» Purpose is to kill
pathogenic organisms still

in wastewater
WATERBORNE

. PATHOGENS
» Wastewater must contain

200 cfu/100mL for Fecal
coliforms or 126
cfu/100mL for E. coli to be
considered “disinfected”

Solids Treatment

Section 2

Disinfection

Ultraviolet System

Solids Treatment

Primary Secondary
Treatment Treatment

« Digestion
« Dewatering
« Disposal

Effluent Discharge

» Most wastewater is discharged to a receiving
stream, river, lake or ocean.

» Some is reclaimed or reused on golf courses,
cemeteries, parks, etc.

Belt Press

Anaerobic Digester Hauling Solids Away

Wastewater Collection Systems

Flemlng Department of
éTraém{lgr TN Environment &

=_Conservation
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Learning Objectives

TDEC - Fleming Training Center

Wastewater

Understanding different types of Systems

» Gravity Systems
» Small Diameter Gravity Systems (SDGS)
» Pressure Systems
» Septic Tank Effluent Pump (STEP)
» Grinder Pump
» Vacuum Systems

» Defined: water supply
of a community or
industry after it has
been used

» Treatment:“onsite” or
“offsite” (centralized)

» Offsite treatment
requires a “collection
and conveyance”
system

Wastewater Collection and Conveyance System

Wastewater Collection and Conveyance System

Collection System Components

Pumping
Station

Manhole

Manholes should be placed
every 400-500 feet apart to Minimum

: Ainir required to provide a velocity
provide access for size is 4 offat least 2 fps}o avoid

Constant minimum slope is

inspections and cleaning solids depositing

» Manholes are installed in lateral, main, trunk, and
intercepting sewers for the purpose of placing persons,
equipment, and materials into these sewers for
inspection, maintenance, and the removal of solids from
cleaning operations

» Manholes must be installed:
At the ends of any line 8" in diameter or
larger line
Changes in grade, size of pipe or alignment
At intersections

And not greater than 400 ftona |5”
diameter and smaller sewers or 500 ft on
18-30" sewers

Wastewater Collection and Conveyance System

» Horizontal Separation — sewers should be laid
with at least |0 feet of horizontal clearance from
any existing or proposed water line

10’

» Vertical Separation — when sewers must cross a
water line, they should be laid 18” below the
bottom of the water line

18"

Wastewater Collection and Conveyance System

» Hydrogen sulfide is made in the collection system and
can:
Make waste more difficult to treat
Damage concrete structures

Cause odor problems S

» Biological activity in long, flat sewer lines will likely

cause: N R

R

Hydrogen sulfide production Polsonous

Oxygen deficiency in sewers, manholes or wet wells ﬂ;:lmﬂa,.
Metal and concrete corrosion sulfide

» Chlorine can be used in the collection system or at
the plant headworks to oxidize hydrogen sulfide

22 Wastewater Collection Systems Overview
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Oil and Grease

» Generally listed under one heading called FOG (fats, oils
and greases) as it is often not important to know the
exact make-up of this group of components.

Sewer Blockage Formation
The start of a blocked pipe begins
when grease and solids collect on
the top and sides of the pipe
interior.

The build-up increases over time
when grease and other debris are
‘washed down the drain.

Excessive accumulation will restrict
the flow of wastewater and can result
in a sanitary sewer

ovorfiow.

0O & M of Collection

» The facilities should be kept in good operating
condition
» What happens when collection systems fail
due to lack of or improper operation and
maintenance?
SSO — Sanitary Sewer Overflow
Blockages occurring in the sewer line that result in
backups into homes, businesses and other customer
facilities
Bypassing raw wastewater
Street collapse

Building Service Lateral

) Property Line
2-Way Cleanout \ » Connects internal
plumbing to street
sewer

» Usually
homeowner is
responsible
Cleanout
minimum 3 ft
from foundation
Typically 4 inch
diameter

Slope Y4 inch per
foot minimum, 2%

Standard Cleanouts

Sewer Lateral

Property
Owner

|

Typical dwelling served by a main sewer in the
street

Conventional Gravity Sewer

» Uses natural slope of land to flow by gravity
» Manholes every 400-500 ft

State requirement: manhole at distance < 400 ft for sewers
15 inches or less and 500 ft for sewers 18 to 30 inches

» Pump or lift station

Water Surface Force Main
(Under Pressure

Manholes

ntional Gravity Sewer

» Scouring velocity- 2 ft/sec

Flow < 2 ft/sec may lead to settling out of solids,
stoppages, production of odors including toxic
hydrogen sulfide, corrosive conditions

» Sewer not less than 2 Y2 ft deep

Water Surface Force Main
(Under Pressure

Manholes

Gravity Collection Sewer

=eemsnnns | ateral Sewer
= = = Branch Sewer
= = = Main Sewer

= = = Trunk Sewer

Intercepting Sewer

Wastewater Collection Systems Overview 23
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Gravity Collection Sewer

TDEC - Fleming Training Center

Gravity Collection Sewer

» Building sewer — a gravity-flow pipeline
connecting a building wastewater collection
system to a lateral or branch sewer

The building sewer may begin at the outside of the

building’s foundation wall or some distance (2-10 ft)
from the wall, depending on local sewer ordinances
Also called house connection or service connection

» Lateral sewer —a sewer that discharges into a
branch or other sewer and has no other
common sewer tributary to it

Sometimes called a “street sewer” because it collects
wastewater from individual homes

Sewer Manhole

yau Manhole frame

and cover

v

Place people, equipment
and materials into sewer
for inspection,
maintenance and cleaning

Brick course for
adjusting frame
and cover to final
grade

Steps

v

May not have steps since
hazardous if corroded

Minimum barrel diameter
48 inches

Inspected annually

Sewer

v

v

Reinforced concrete,
brick, fiberglass

Side section Front section
(partial)

» Air jumpers are sometimes constructed as part of an inverted siphon

» Since the siphon is completely filled with wastewater; a blockage in the flow of
air in the sewer line occurs without an air jumper

» This blockage may cause a continuous release of toxic, odorous and corrosive
hydrogen sulfide at the upstream siphon manhole

» Installation of jumpers prevents this from happening by providing the
downstream flow of air that usually occurs above the wastewater in a partially
filled sewer line

l/ Existing Ground
Drainage channel,

Inlet highway or other
Manhole obstruction Outlet
Flow —> Manhole
. FloW 3
\ Air jumper ;

Ductile iron pipe(s)

» Branch sewer — a sewer that receives wastewater from a
relatively small area and discharges into a main sewer serving
more than one branch sewer area

» Main sewer — a sewer line that receives wastewater from many
tributary branches and sewer lines and serves as an outlet for a
large tributary or is used to feed an intercepting sewer

» Trunk sewer — a sewer that receives wastewater from many
tributary branches or sewers and serves a large territory and
contributing population

» Intercepting sewer — a sewer that receives a flow from a
number of other large sewers or outlets and conducts the
waters to a point for treatment or disposal

Inverted Siphon

» Sewer lines installed lower than the normal gradient
of the sewer line to pass under obstructions such as
watercourses and depressed roadways

» Wastewater is pushed through the siphon by the
pressure resulting from the upstream sewer being
higher than the downstream sewer

f Existing Ground
Drainage channel,

Inlet highway or other
Manhole obstruction Outlet
Manhole
Flow —3
\ Flow —3
Air jumper /

Ductile iron pipe(s)

Gravity Sewer (SDGS)

» Alternative wastewater collection system installed in
areas where deep excavation is a concern, and in areas
that are hilly or flat

» SDGS uses a smaller diameter pipe than conventional
gravity sewers due to less solids

» Follows the surface contour of the land, reducing the
amount of excavation and construction costs

» Septic tanks onsite discharge to small diameter gravity
main

» Discharges effluent by gravity, pump or siphon

» Minimum velocity 0.5 ft/sec
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Small Diameter Gravity Sewer (SDGS)

Section 2

Interceptor Tank

EFFLUENT
Minimum velocity 0.5 ft/sec

Septic Tank Effluent Pump (STEP)

Lift Station

Coven BECTRCAL
e

» Simple reinforced
concrete or oo
fiberglass wet well F— Lo
after septic tank

» Submersible pump
operated by mercury
float switches e

» Also on gravity mains
to allow gravity flow
at shallow depth

j— creex e

- Pusse ey

A oATATION
oA

» Septic tank effluent pump with filter
» Float activated mercury switch controls pump
» Keep OUT: eggshells, plastic, bones, grease

» Septic tank

» Removes floating and
settleable solids

» Levels out flows

» Sludge solids
decompose
anaerobically

» Regular inspection to
measure liquid level, depth of
sludge & thickness of scum

» NO tank additive works

Precast concrete, fiberglass,
HDPE or coated steel common.

S — Septic
T — Tank

E — Effluent
P —Pump

EFFLUENT

Vent & Air Release Valve

» Vent maintains flow
in SDGS main

» Air release valve-
vents air at high
points in main that
would restrict flow

» Gases vented from
main are often quite
odorous, use
activated carbon
filter, soil bed as a
masking agent T
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Pressure Sewers

» Reasons:
Topography: Flat
terrain or high slope
Rocky soil

High groundwater
table

Grinder Pump System

» Submersible centrifugal pump with comminuting blade cuts
and shreds solids in wastewater

» Pump unit acts to pressurize WW to move it through
sewer

» WW flows from
pump vault to
pressurized main
via a pressurized
service line

1 CONTROL PANEL
2 BURIED ELECTRICAL SERVICE

v

Grinder pump
serving a home is
usually -2 hp

S PLUMBING DISCONNECT
6 SHUTOFF VALVE
7 SERVICE LINE TO MAIN
8 LEVEL SENSORS
9 CHECK VALVE

10 GAINDER PUMP

PUMP VAULT

TDEC - Fleming Training Center

Pressure Sewer Components

» 4” gravity building %“" N e
sewer at 2% slope o R . —

» Holding tank ! L

» Grinder pump & S \_’:‘fm“mﬂ“
controls R4 mm'

» Valves to isolate
system

» Pressure main

1

Progressive Cavity Grinder Pump

» Creates pressure
that moves WW
through sewer

» Reduces size of
solids

» Pump, motor,
grinder, pipes, valves,
controls

» Pressure sensor
measures liquid
level

Progressive Cavity Grinder Pump

» Check & gate valve on
discharge prevent
backflow

» Excavation not deep: 5-8 ft

» Uses small diameter
pressure lines

» Odors associated with
improper venting

» Maintenance: solids lodged
in cutting blade

» Disadvantage: FOG is

transported

Pressure Sewer vs. Gravity Sewer

» Higher energy costs for pumping
» Greater costs for pumping facilities
» Deep trenches not necessary

» Inverted siphons not needed to cross roads
and rivers

» Smaller pipes often needed

» Fewer stoppages (system pressurized)

» No 1&l — no extra capacity needed
No root intrusion, air tight system
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Automatic Air Release Assembly

Pressure Sewer Cleaning

, Lo )
Located in high point of pressure sewer » Must have access for

» Release air pockets that would reduce flow capacity maintenance

ERGLASS LID WITH STALESS
EL 80U

DEEGTIMY v TR ABGRET rosvmice » Manholes or access boxes must
i oo APAPANRO. 4 ;

N have valves and pipe spools that
can be removed for cleaning the
pipe

» Polyurethane pigs and swabs are
slightly larger or the same size
J— " . s b as the main to be cleaned

» Pigging typically done during
low flow periods

3
P ipe with sludge before cleaning

Pigging Port Vacuum Sewer Layout

» Installed to insert pig to clean inside sewer s . . )
» Applications: flat or rolling terrain, unstable soil,

high water table, rocky terrain, urban development
» Replaces manhole needed in gravity sewer in rural areas

» The poly pig is forced through the pipe under pressure

» Radio beacon device allows operator to track pig location » 3 Components:

i On-site valve pit
— Vacuum
collection piping
Central vacuum
station

Vacuum Sewer Components Fiberglass Valve Pit with External Breather

» Gravity building sewer to vacuum interface unit » WW flows by gravity (1) into 30 gal
. . . holding tank
» Vacuum interface unit seals vacuum service s o
. » AsWW level rises, air is compressed
Once 3 gal WW accumulate, valve opens to allow atmospheric in sensor tube connected to valve
air to force WW into vacuum branch controller (2)
» Vacuum main sends WW ; it » Sensor signals valve to open until tank
Ty
- d (3
to treatment facility sucoms | oo - contents are evacuated (3)
Mini | ; Eitfpe  lihe smasst » The spring-loaded interface valve (4)
> Minimum slope vacuum main pl it } is controlled pneumatically and needs
. P -
is 0.2 ft/sec Fm.m‘"‘“ \ no electricity
. ! » External breatherisa | Y4 inch
polyurethane pipe anchored in ground
Sildie e | by concrete
» Breather pipe must be watertight and
vacyune )
g has domed cover to keep insects out
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Vacuum Sewer — How Does It Work?

TDEC - Fleming Training Center

Isolation Valve

Typical Vacuum Station

» Steel or fiberglass collection
tank (1) acts like wet well.
Vacuum switches on
reservoir tank (2) regulate
vacuum pumps (3). Level
control probes in collection
tank regulate the WW
pumps (4).

-1

» Daily operating tasks:

Visual check of gages and

isoumon
e

charts

|
=
15 A Sikeno
oy

Record pump run times

Check oil & block ! 4

temperature =

Vacuum Sewer Advantages

» Small pipe sizes, typically 3,4, 6,8 and 10 in

» Easy to avoid underground obstacles

» Shallow installation (2 to 4 ft) eliminates need for wide
deep trenches reducing excavation costs and
environmental impact

» High scouring velocity reduces blockages and keeps
wastewater aerated and mixed

» No infiltration - leaks easily noted

Reduced infiltration leads to reduced size and cost of treatment
plant

» No manholes

» Only power source at vacuum station

» Plug or gate valves
isolate portions of
vacuum sewer for
repairs and
maintenance

» Typical interval is 1500
to 2000 ft

» Also located at both
sides of a bridge
crossing and at both
sides of an area of
unstable soil

Typical Vacuum Station

» | station serves
200-300 customers : I hil\‘

» Vacuum pumps
operate 3-5
hrs/day

“Bridgeview-West
Yacuum Pump Station
seacyer oo 2004/05/14

» Pumps are typically
20 hp

Vacuum Sewer O & M

» No odor problems
System is sealed; large air input with flow

» No corrosion problems
Corrosion resistant PVC,ABS, rubber, stainless steel
» Malfunctions:
Break in vacuum line
Valve malfunction
Closed isolation valve
» O&M of vacuum systems are more difficult than a low-
pressure system because it is harder to maintain a vacuum
due to the number of inlets and valves to the system
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Collection Systems Vocabulary

1. Alignment 10. Infiltration

2. Barrel 11. Inflow

3. Bedding 12. Lift Station

4. Building Sewer 13. Manhole

5. Check Valve 14. Pneumatic Ejector
6. Combined Sewer 15. Sanitary Sewer
7. Exfiltration 16. Slope

8. Force Main 17. Storm Sewer

9. Grit 18. Weir

A. A special valve with a hinged disc or flap that opens in the direction of normal flow
and is forced shut when flows attempt to go in the reverse or opposite direction of
normal flows.

B. An opening in a sewer provided for the purpose of permitting operators or
equipment to enter or leave a sewer. Sometimes called an “access hole” or
“maintenance hole.”

C. The heavy mineral material present in wastewater such as sand, coffee grounds,
eggshells, gravel and cinders. This tends to settle out at flow velocities below 2
ft/sec and accumulate in the invert or bottoms of the pipelines.

D. (1) The cylindrical part of a pipe that may have a bell on one end. (2) The
cylindrical part of a manhole between the cone at the top and the shelf at the
bottom.

E. A pipe or conduit (sewer) intended to carry wastewater or waterborne wastes from
homes, businesses and industries to the POTW (Publicly Owned Treatment Works).
Storm water runoff or unpolluted water should be collected and transported in a
separate system of pipes or conduits (storm sewers) to natural watercourses.

F. A sewer designed to carry both sanitary wastewaters and storm or surface water
runoff.

G. A separate pipe, conduit or open channel (sewer) that carries runoff from storms,
surface drainage and street wash, but does not include domestic and industrial
wastes. They are often the recipients of hazardous or toxic substances due to the
illegal dumping of hazardous wastes or spills created by accidents involving vehicles
and trains transporting these substances.

H. A gravity-flow pipeline connecting a building wastewater collection system to a
lateral or branch sewer. The pipeline may begin at the outside of the building’s
foundation wall or some distance (such as 2 to 10 feet) from the wall, depending
on local sewer ordinances.

I. A device for raising wastewater, sludge or other liquid by compressed air. The
liquid is alternately admitted through an inward-swinging check valve into the
bottom of an airtight pot. When the pot is filled, compressed air is applied to the
top of the liquid. The compressed air forces the inlet valve closed and forces the
liquid in the pot through an outward-swinging check valve, thus emptying the pot.
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30

The seepage of groundwater into a sewer system, including service connections.
Seepage frequently occurs through defective or cracked pipes, pipe joints,
connections or manhole walls.

The prepared base or bottom of a trench or excavation where a pipe or other
underground structure is supported.

A wastewater pumping station that lifts the wastewater to a higher elevation when
continuing the sewer at reasonable slopes would involve excessive depths of
trench. Also, an installation of pumps that raise wastewater from areas too low to
drain into available sewers. These situations may be equipped with air-operated
ejectors or centrifugal pumps. Sometimes called a pump station, but this term is
usually reserved for a similar type of facility that is discharging into a long force
main, while this has a discharge line or force main only up to the downstream
gravity sewer.

A pipe that carries wastewater under pressure from the discharge side of a pump to
a point of gravity flow downstream.

The inclination or a sewer trench excavation is the ratio of the vertical distance to
the horizontal distance or “rise over run.”

The proper positioning of parts in a system. This refers to the location and
direction of a pipeline or other line.

Water discharged into a sewer system and service connections from such sources
as, but not limited to, roof leaders, cellars, yard and area drains, foundation drains,
cooling water discharges, drains from springs and swampy area, around manhole
covers or through holes in the covers, cross connections from storm and combined
sewer systems, catch basins, storm waters, surface runoff, street wash waters or
drainage. This differs from infiltration in that it is a direct discharge into the sewer
rather than a leak in the sewer itself.

Liquid wastes and liquid-carried wastes that unintentionally leak out of a sewer pipe
system and into the environment.

A wall or plate placed in an open channel and used to measure the flow of water.
The depth of the flow over this can be used to calculate the flow rate, or a chart or
conversion table may be used to convert depth to flow.

Collection Systems Questions

What is the purpose of a wastewater collection system?

Wastewater Collection Systems Overview
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2. List the principal components of a low pressure collection system.

3. List the principal components of a vacuum collection system.

4. What is the purpose of a backflow preventer?

5. What factors control the width of a sewer trench?

6. List the problems that can be caused by poor sewer pipe joints.

7. Some agencies prohibit manhole steps and use ladders instead to
a. Eliminate hazards of corroded steps.
b. Increase speed of operators entering manholes.
c.  Protect operators from splashing or falling wastewater.
d. Save on cost of steps.

8. Experience has shown that the minimum scouring velocity in a sewer should be
greater than:

a. 2ft/sec
b. 3 ft/sec
c. 4ft/sec
d. 5 ft/sec
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9. The amount of wastewater that a collection system conveys is determined by
quantities of:

Commercial wastewaters

Domestic wastewaters

Groundwater infiltration

Sludge produced by wastewater treatment plant

Surface water inflow

®oo oo

10. Construction materials for sewers are selected for their:
Ability to minimize infiltration and exfiltration
Cost of materials

Cost of installation

Resistance to deterioration

Resistance to root intrusion

®oo oo

Answers to Vocabulary and Questions

Vocabulary:

1. O 7. Q 13. B
2. D 8. M 14. 1
3. k 9. C 15. E
4. H 10. ] 16. N
5. A 11. P 17. G
6. F 12. L 18. R

Questions:

1.

9]

= © % N

0.

The purpose of a wastewater collection system is to collect the wastewater from a
community’s homes and industries and convey it at an appropriate velocity to a
wastewater treatment plant.

The principal components of a low-pressure collection system include gravity sewers,
holding tanks, grinder pumps and pressure mains.

The principal components of a vacuum collection system include gravity sewers, holding
tanks, vacuum valves, vacuum mains and vacuum pumps.

Backflow preventers are used to stop the accidental backflow or reverse flow of
wastewater into buildings from the sewer.

The width of a sewer trench is controlled by the diameter of the sewer pipe, clearance for
pipe laying, soil stability for safety during excavation and the excavation procedures.
Poor sewer pipe joints can lead to problems caused by roots, infiltration & exfiltration.

a

a

a,b,cande

All are correct
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Wastewater Flows and Flow
Monitoring

~Inflow — Water discharged into a sewer system and

service connections from such sources as, but not limited
to, roof leaders, cellars, yard and area drains, foundation
drains, cooling water discharges, drains from springs and
swampy areas, around manhole covers or through holes
in the covers, cross connections from storm and combined
sewer systems, catch basins, storm waters, surface runoff,
street wash waters or drainage

~Inflow differs from infiltration in that it is a direct discharge

into a sewer rather than a leak in the sewer itself

» Infiltration — the seepage of groundwater into a sewer

system, including service connections.
~Seepage frequently occurs through
defective or cracked pipes, pipe joints,
connections or manhole walls
~Due to age and condition of system and €
portion of system submerged in groundwater

» Exfiltration — liquid wastes
and liquid-carried wastes
that unintentionally leak
out of a sewer pipe system
and into the environment

TDEC - Fleming Training Center

What are the Wastewater Flows?

Separate Sewer System

sy sowor

»~Sanitary Sewer:
»Domestic and
industrial waste
»Storm water:
»Snow melt, street
wash, etc.
»Combined sewer:
»Sanitary plus storm
»Example: Nashville

> Infiltration/Inflow

Sources of Inflow and Infiltration
(as Indicated by red circles)

Properly Connected Sewer System

Y

Infiltration Locations

B The First Few
Feet of the
Service Line
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Wastewater flows: Why do we care?

Collection and conveyance system design
Are they getting shorter or longer as the years go on?
Getting longer and further away from the treatment
plant means the water spends more time in the system,
which also means water easily becomes septic
Treatment system design
Hydraulic criteria: must be able to pass peak flows
Treatment criteria: meeting treatment standards often
depends on “hydraulic residence time”
e.g. MG / MGD = days = residence time
Growth projections (population, development)

Factors Effecting Flow Rates

Geographical location & socioeconomic conditions
Type of development — residential, industrial

Season (I/1) A
Climate (1/1)
Time of Day

Flow Monitoring

Flemlng Department of
é@gg?& TN Environment &
=—_Conservation

Section 3

Wastewater flow rates

The average flow rate generated per person (per capita)
per day is called the population equivalent

Typical units are gallons per capita per day (GPCD)

Typically estimated as 70% of the drinking water consumption
during the wet season

Used as a quick way to estimate the amount of wastewater that
could be generated by a community Z

Rule of thumb:
US domestic is about 70-100 gpd/person
Developing countries: 5 to 50 gpd/capita
Other: depends on facility (industry, commercial, etc.)
I/I can be significant

“Diurnal variations” in domestic

wastewater flows

200 +

150 4

I,“l lﬂmi”“hh

0:00 4:00 B8:00 12:00 16:00 20:00
Time of Day

Flowrate, Lihour

Flow Monitoring

Flow monitoring may be categorized as:
Long-term
Temporary
Instantaneous

Flow Measurement 35
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Temporary Flow Monitoring

The purpose of long-term monitoring is to
adequately define I/l quantities

Should be in place for one groundwater season
—60-120 days

Typically located off the larger diameter trunk
lines for greater accuracy and for ease of
calibration

The purpose of temporary monitoring is to
gather additional data to further refine the
identification of portions of the system needing
additional study

Should be in place for 30 days on a system
ranging up to 5000 linear feet

Established at the mini-system level within a
metered subarea

Instantaneous Flow Monitoring

Flow Measurement

The purpose of instantaneous monitoring is to
isolate line segments with excessive infiltration,
once identified the sections are scheduled for
internal inspection

Typically conducted at night on three to five
consecutive line segments

Basics of Flow Measurement
Open Channel Flow Measurement
Primary Elements
Secondary Elements
Closed Pipe Flow Measurement
Differential Pressure
Mechanical Devices Ij\
Flow Equalization

Il

Flow

Basics of Flow Measurement

Basics of Flow Measurement

Flow - The movement of a fluid

The science of hydraulics is the basis for flow measurement
today. Most methods of open channel flow measurement are
no more than sophisticated adaptations of level
measurement practiced over the last four millennia

Most flow data can be classified according to:
Accuracy
Time
Quantity

36

Accuracy - the degree to which an instrument
can measure a true value

Accurate flow measurement generally depends upon:
Standard Designs
Careful selection of devices
Good calibration data and analysis
Proper user operation
Sufficient inspection and maintenance
Good training and supervision

Flow Measurement
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Basics of Flow Measurement

TIME - flow information is generally useful only
when there is a time relationship established

This relationship may include:

The time interval

The time duration

The actual clock time
Relationships with other parameters can be derived using
the correlated time-flow data
The degree of accuracy necessary varies depending on the
requirement

Section 3

Basics of Flow Measurement

QUANTITY - the amount or volume of liquid
moving past a fixed point

A liquid at rest (not flowing) is measured only in units of
volume

Volume units describe how much space a given amount of
water occupies, such as gallons or liters

Water that is flowing must be measured in terms of both
volume and time, such as gallons per minute

Flowrate is therefore the amount of liquid that passes a
point in a known period of time

Amount of water going past a reference point
over a certain time

Units: volume per unit time
(ft3/sec, gal/min, MGD)

Calculated by the equation: Q=AV
Q = quantity of flow

AREA

V = velocity of flow

A = cross-sectional area of flow

Sewer System Evaluations

Flow monitoring is primary tool for identifying
high inflow/infiltration (1/1)

System problems:
Back flooding into private property due to surcharging of
sewer mains
Bypassing of untreated

wastewater to environment
Reduced system capacity

Flow Metering Equipment Commonly Used in

Wastewater Treatment Plants

Types of Flow Meters

Different types of flow measuring devices include constant
Open- Low headloss, self- Requires careful construction, differential, head area, velocity meter, differential head
Channel 5-7% cleaning susceptible to flooding H
— and displacement
Open- Low cost, ease of High headloss, requires a well- All flow measurement devices should be calibrated and
Channe) S | sl doelepediit Eail, maintained to ensure the accuracy of the measurement is
Weir cleaning required o

re—— - pr— + 10% of the true flow

Full-Pipe N_o e_a oss, bi- Mlnlmum con u?tmty
Electro- g | ClEEEE Gl e, el Methods that can be used to check the performance of a
—— developed velocity profile fl K

g e ow meter are:
- No headloss, low cost,  Not suitable for some pipe Measure the area and velocity of an open channel
Doppler R ClITE) el MEEE e Measure how many minutes it takes to fill a 55-gallon

ubbles velocity profile required d

Full-Pipe 13% Low headloss, high Expensive, well-developed rum . §
Venturi °  accuracy velocity profile required Measure how long it takes to fill a tank of a known volume

Flow Measurement

37




Section 3

Flow Measurement Systems

TDEC - Fleming Training Center

Open Channel Flow Primary Elements

Any flow measurement system can be considered
to consist of two distinct parts:

a primary device and

a secondary device

Each device has a separate function to perform:

The flow passes through the primary device in a
continuous, uninterrupted stream

The secondary device uses that information to determine
the quantity of flow per unit time

Teledyne Isco Open Channel

Flow Measurement Handbook

8th Edition

GET YOUR OWN HERE:
https://info.teledyneisco.com/flowhandbook

Overflow structure; rectangular or V-notch

Discharge rate determined by measuring vertical distance from
crest of overflow to surface of upstream pool

Disadvantage: Organic solids collect behind weir, causing odors &
inaccurate measurements

Measures liquid flow in partially full channels or basins

Blocks the flow in the channel

Depth of water proportional to amount of flow
End View

Creates conditions that produce known relationship between flow
and depth

Channel width is known, but velocity is not needed e
Primary devices:

Weirs

Flumes

Secondary element senses depth at measurement point,
converting this to flow

A detailed discussion of different types of weir and flume
configurations used in North America is presented in the Isco
Open Channel Flow Measurement Handbook

Open Channel Flow

Measurement of wastewater flow in open channels
is the most frequently encountered situation in field
monitoring

Three elements must be present for open channel
flow to occur:

1. free, unconstrained water surface
2. anopen vent to atmosphere
3. unimpeded, gravity flow

The free water surface in an open channel flow
stream is known as the hydraulic grade line (HGL)

Used in open channels and is placed across the
channel, weirs are made of thin materials and may
have either a rectangle or V-notch opening.

The flow over the weir is determined by the depth of
flow going through the opening.

A disadvantage in using a weir at the influent of the
plant is that solids may settle upstream of the weir and
cause odors and unsightliness.

Can provide final aeration/oxygenation
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K = Approx. 1/8 in.
k —|
J—

Head k—=|

ea T
Measurement DidwdawT
Point

Maximum Head, H

Ventilation
Weir plate

Minimum
Crest Height
2-3H 3-4H
Minimum

Channel floor

Entrance, Throat, Discharge
Depth is measured behind flume crest

Best for:
Flow with solids or debris
Large Flows
Variable flows

FLUME

Measurement
point is 1/3 of the
way into the
converging section
or 2/3 of the way

from the front of

the throat for a
Parshall flume

Section 3

Advantages Disadvantages
Low cost High head loss
Easy to install Periodic cleaning
Not suitable to flows
with solids

Accuracy affected by
excessive approach
velocities

Specially shaped open
channel section with
entrance, throat & discharge
sections

Constriction causes change
in head which can be
converted to flow rates

Used where head loss is a
concern, for larger flows or
flows with solids or debris

Palmer-Bowlus flumes
measures flow in existing sewers

Parshall Flume

Parshall flume is one of the most common measuring devices.

Itis a narrow place in a open channel which allows the quantity of
wastewater flow to be determined by measuring the depth of flow
with ultra sonic device, floats or manually with measuring device.

PARSHALL FLUME
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Palmer-Bowlus Flume

Advantages Disadvantages
Self cleaning ~ High cost
» Lower head loss » Difficult to install

> Accuracy less affected
by approach velocity

Secondary Elements

»Measure the water level in the
Primary Device (weir or flume)
>~ Example 1 - Float
»~Simple, Inexpensive
~Grease, solids may interfere

COUNTERWEIGHT

FLOAT

smiue wew

LEVEL OF
LiouiD

» commonly used to
measure the flow of
wastewater in sewer
pipes and conduits

» has a u-shaped
cross-section and
was designed to be
inserted into, or in
line with, pipes and
u-channels found in
sanitary sewer
applications

Plan view

fum
Shotia

D = Conduit diameter

Elevation view

Open Channel Flow Secondary Elements

Triangular Weir Installation

V-Noich o ppute
solation, 07

»Measures or indicates liquid level in
primary device

Clannel
»Used with instruments to convert
head to flow

~Selection based on location, type of
information required & cost

- Staff gauge in stilling well Staff gauge
»Floats in stilling well
»~Bubblers

»~Ultrasonic devices

Secondary Elements

»Types of float controls
»Rod-attached floats
»Steel tape, cable or rope attached floats
»Mercury switch floats
> Ultrasonic
» Pressure transducers
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Level/Depth Measurement

Level measurement techniques must be used with secondary
devices to determine flowrate.

Staff gages and float-operated units are the simplest devices
used for this purpose.

The selection of a suitable level measuring technology
depends on a variety of factors which include the size of the
channel, flow properties of the channel and
composition/physical properties of the effluent

In some instances, a flowmeter may be used in a wide variety
of applications and sites

Secondary Elements

Ultrasonic Meter
Sound pulse
No direct contact with wastewater

Limit — Cannot measure less than
3inches

Secondary Elements

Pressure transducer
Converts water pressure to voltage [

Not affected by wind, steam, foam
or turbulence

Section 3

Level/Depth Measurement

Three most common technologies
utilized are:

1. Ultrasonic/Radar - the sensor transmits high

liquid and return to the sensor. The electronics
measure the time it takes the sound to return

2. Pressure Transducer - water pressure is sensed
by mechanical elements in the sensor which
converts the pressure to a voltage

|
~
S—
N
frequency pulses which hit the surface of the ~——
NAAAS
-
-
A
-

continuously pushed through a small tube in the
flow stream and the backpressure changes in
proportion to the liquid level in the flow stream

o
3. Bubbler - A constant flow of bubbles are o
o

o]

Ultrasonic Meter

Aal

Pressure Transducer

WHAT
isa e

PRESSURE
TRANSDUCER?
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Bubbler Tube

Bubbler Tube
Constant flow of air
Depth determined by air pressure
Generally operate at 5 psi, the depth of the water in

the wet well will determine the pressure
required. ar ;u,.,.,E

Sens line

Tk

Height
of
hawid

BiGoP-Ougorn

Area-Velocity Method

Area-Velocity metering systems continuously measure V and A to
calculate Q (subsurface or non-contact)

Closed Channel Flow

Closed channel flow is the movement of a liquid under pressure
through a conduit or pipe with or without the influence of
gravity. When there is a pressure or head difference in a
pipeline, flow will occur in the direction of least resistance

The rate of flow depends upon several factors:

The pressure or head difference between upstream and
downstream

Flow resistance, or friction, due to pipe length, pipe
roughness, bends, restrictions

Changes in conduit shape and size, and the nature of the
flowing fluid

Cross-sectional area of the pipe

42

Area-Velocity Meter

Lasertlow
e oy 5

Closed Pipe Flow Measurement

Differential Producers
Venturi meter
Orifice plate
Velocity Meters
Propeller-type
Pitot tube
Magnetic meter
Constant Differential
Rotameter

Flow Measurement
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Closed Pipe Flow Measurement: Differential

Producers

Venturi system
Pipe diameter gradually
reduces at the throat and
returns to original
diameter
Low pressure is created in
throat
Difference in pressure
indicates amount of flow
Simple and inexpensive
Need straight runs of pipe
before and after
Excellent for gases and
liquids (not sludge)

HIGH
4 Low PRESSURE
PRESSURE TAP
TAP

Section 3

Closed Pipe Flow Measurement: Differential

Producers

Measure velocity directly or convert velocity head to
pressure head by restricting flow in pipe

Low Pessune
T
onnce @Z jj
s prees
e Downs TREAM onEICE
‘FuaNGE Unson

Gases & liquids in closed pipes

Venturi meter: liquid passes through reduced throat
section & velocity increases. Pressure differential then
measured using manometer.

Differential Pressure Flow Measurement

Closed Pipe Flow Measurement:
Velocity Meters

Magnetic Flow Meter
Creates magnetic field in
water stream
Conductor (water) moving
through magnetic field
produces electric current ~ etecTRoEs coiLs

Measure of electricity
indicates amount of flow

Very accurate, Low

maintenance . Cong
P,

. \ v

Can be expensive (esp. for secrromachenc FieLn You

larger diameters)

Electromagnetic Flow Measurement

Closed Pipe Flow Measurement: Velocity Meters

Velocity

M eter Sen;pr_ 1 Sensor 2
Measures ] i
the
ultrasonic
transit
time

n
2
2
S
s
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Rotameter

Differential

Chemical Feed Systems

Rotameter E—
Float or ball in vertical tube

Increased flow causes float  seak Float Tapersd
to ride higher Tube

Simple, accurate, easy

Must keep tube and float
clean TH )

Flow

Rotameter Working Explanation with
3D Animation

L*

Maintenance of Flow Measuring Devices

Flow Equalization

Clean devices regularly
Grease build up on floats & magnetic meter coils
Weir plate clogged with debris
Periodically inspect devices for damage &
deterioration
Pneumatic lines may have air leaks
Electrical parts may short out

Recalibrate secondary devices regularly

Equalization may be required where peak flows
are greater than 2 times the average design flow

Care should be taken in design to minimize solids
deposition

Minimum requirements are to maintain 1.0 mg/I
of dissolved oxygen

Odor consideration must be addressed when a

plant is located in a sensitive area or large
equalization basins are used
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Flow Measurement Vocabulary

1. Analog 9. Orifice

2. Composite 10. Primary Element
3. Conductivity 11. Secondary Element
4. Density 12. Sensor

5. Digital Readout 13. Surcharge

6. Head 14. Totalizer

7. Head Loss 15. Venturi Meter

8. Manometer

A. An opening (hole) in a plate, wall or partition. An orifice flange or plate placed in a
pipe consists of a slot or a calibrated circular hole smaller than the pipe diameter.
The difference in pressure in the pipe above and at the orifice may be used to
determine the flow in the pipe.

B. A measure of the ability of a solution (water) to carry an electric current.

C. The secondary measuring device or Flowmeter used with a primary measuring
device (element) to measure the rate of liquid flow. In open channels bubblers and
floats are secondary elements. Different pressure measuring devices are the
secondary elements in pipes or pressure conduits.

D. The readout of an instrument by a pointer (or other indicating means) against a dial
or scale. Also the continuously variable signal type sent to an analog instrument.

E. An indirect measure of loss of energy or pressure. Flowing water will lose some of
its energy when it passes through a pipe, bar screen, Comminutor, filter or other
obstruction. This is measured as the difference in elevation between the upstream
water surface and the downstream water surface and may be expressed in feet or
meters. Flow measuring devices like venturi tubes and orifice plates use it.

F. The supply of water to be carried is greater than the capacity of the pipes to carry
the flow. The surface of the wastewater in manholes rises above the top of the
sewer pipe, and the sewer is under pressure or a head, rather than at atmospheric
pressure.

G. The vertical distance (in feet) equal to the pressure (in psi) at a specific point. The
pressure head is equal to the pressure in psi times 2.31 ft/psi.

H. A measure of how heavy a substance (solid, liquid or gas) is for its size. Itis
expressed in terms of weight per unit volume, which is grams per cubic centimeter
or pounds per cubic foot. The density of water (at 4° C or 39° F) is 1.0 gram per
cubic centimeter or about 62.4 pounds per cubic foot.

I. A device or meter that continuously measures and calculates a process rate variable
in cumulative fashion.

J. Aninstrument for measuring pressure. Usually it is a glass tube filled with a liquid
that is used to measure the difference in pressure across a flow-measuring device
such as an orifice or a Venturi meter.

K. A collection of individual samples obtained at regular intervals, usually every one or
two hours during a 24-hour time span. Each individual sample is combined with the
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others in proportion to the rate of flow when the sample was collected. The
resulting mixture forms a representative sample and is analyzed to determine the
average conditions during the sampling period.

L. A flow-measuring device placed in a pipe. The device consists of a tube whose
diameter gradually decreases to a throat and then gradually expands to the
diameter of the pipe. The flow is determined on the basis of the difference in
pressure (caused by different velocity heads) between the entrance and throat of
the device.

M. The use of numbers to indicate the value or measurement of a variable. The
readout of an instrument by a direct, numerical reading of the measured value.

N. A device that measures a physical condition or variable of interest. Floats and
thermocouples are examples of these.

O. The hydraulic structure used to measure flows. In open channels weirs and flumes
are primary elements or devices. Venturi meters and orifice plates are the primary
elements in pipes or pressure conduits.

Flow Measurement Questions

1. When do open channel flow conditions occur?

2. What are the commonly used methods of measuring plant flows?

3. Where are flumes used instead of weirs to measure flows?

4. What are the two basic types of flow systems?
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5. What are the three different sections of a flume?

6. What are the advantages of an electromagnetic/magnetic flow meter?

7. Why measure flows before and after an equalization basin?

Answers to Vocabulary and Questions

Vocabulary:

1. D 6. G 11. C
2. K 7. E 12. N
3. B 8. ] 13. F
4. H 9. A 14. 1
5. M 10. O 15. L

Questions:

1. When the flow upstream has a free or unconfined surface that is open to the air.

2. Velocity area and use of a hydraulic structure.

3. Where head loss is a concern, larger flows or flows with debris.

4. open channel flow and closed channel (or closed pipe)

5. © the entrance section (converging section), @ throat section and ® discharge
(diverging) section

6. an obstruction less design, high accuracy and an output signal that is directly
proportional to the flow rate

7. in order to control the basin’s operation and optimize its effectiveness
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Sewer Pipe Materials

Selection Considerations

Pipe material selection is important since
sewer systems are expected to have an
economical life of at least 30 years and most
are in service for a much longer period

Pipe materials are selected for their strength to
withstand earth and surface loads and
resistance to deterioration by the wastewaters
they carry and the surrounding soil

Selection Considerations

Other considerations include:
Pressure — gravity or force main
Physical properties — crush strength, shear loading strength,
flexural strength
Flow and capacity
Resistance to root intrusion
Trench conditions
Corrosion resistance — both from wastewater and
surrounding soil
Abrasive wastewater
Safety requirements for handling and installation
Cost

Specification Standards

Set by American Society of Testing Materials
(ASTM) & American National Standards
Institute (ANSI)
Specify:

Internal diameter

Loadings (classes)
Wall thickness (schedule)

Key Pipe Characteristics

Key Pipe Characteristics

Pipe must be resistant to corrosion from
wastewater and surrounding soil

Leak tightness: resistance to root intrusion and
minimize infiltration and exfiltration

Scouring factor
Hydraulic characteristics

Tensile strength — resistance to longitudinal
(lengthwise) pull before material fails

Flexural strength — ability of pipe material to

e

bend or flex without breaking

When either of these strengths &5
are exceeded then pipe breakage occurs

50
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Key Pipe Characteristics

Shear breakage occurs when the earth shifts
Shear Breakage

_ H Shifting Earth

Beam breakage occurs when a pipe is unevenly
supported along its length

1 Beam Breakage

Key Pipe Characteristics

Pipe material used will produce either a
flexible or rigid pipe with specific characteristics

A flexible pipe will bend or bulge from its usual
shape when subjected to a load without being

adequately supported, but will not crack under
most loads and will return nearly to its original

shape when the load is removed

Pipe Materials

Flexible Pipe

Ductile Iron Pipe (DIP)

Steel Pipe

Thermoplastic Pipe
Acrylonitrile Butadiene Styrene (ABS)
Acrylonitrile Butadiene Styrene Composite Pipe
Polyethylene Pipe (PE)
Polyvinyl Chloride Pipe (PVC)

Thermoset Plastic Pipe
Reinforced Thermosetting Resin (RTR)
Reinforced Plastic Mortar (RPM)

Ductile Iron Pipe (DIP). ;

Flexible pipe =
Used for both gravity and pressure sewers
DIP is manufactured by adding cerium or magnesium
to cast (gray) iron just prior to the pipe casting process
3-54 inch diameters and length of 20 ft available
Often used for stream crossings, inverted siphons and
in high traffic area.

Polyethylene, epoxy or cement mortar linings may be
specified

Ductile Iron Pipe

Advantages
Long laying lengths (in
some situations)

Disadvantages
Subject to corrosion
where acids are present

High pressure and load Subject to chemical

bearing capacity attack in corrosive soils

High impact strength High weight
High beam strength Expensive

Steel Pipe

Flexible pipe

Rarely used for gravity sewers but common
for force mains

Usually has interior protective coatings or
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Steel Pipe

Thermoplastic Pipe

Disadvantages
Subject to corrosion
where acids are present
Subject to chemical
attack in corrosive soils
Subject to excessive
deflection when
improperly bedded
Subject to turbulence
abrasion

Advantages

Light weight

Long laying lengths
(in some situa}tgns)

)

Includes a wide variety of plastics that can be
repeatedly softened by heating and hardened
by cooling through a temperature range
characteristic for each specific plastic

ABS

ABS Composite
HDPE

PVC

Acrylonitrile Butadiene Styrene

Acrylonitrile Butadiene Styrene Composite

Lightweight black plastic flexible pipe

Used for both gravity and pressure sewers

Long laying lengths

Ease in field cutting

Rather brittle: subject to environmental stress cracking
Subject to attack by some organic chemicals

Susceptible to damage by sunlight

Elastomeric seal gasket joints or solvent cemented joints

Flexible pipe

Produced by extrusion of ABS plastic material to create
two concentric thermoplastic tubes integrally braced with
truss beams and the annular space filled with Portland
cement concrete

Used for both gravity & pressure sewers
Light weight and long laying lengths
Ease in field cutting

Subject to environmental stress cracking or attach by
certain organic chemicals

Susceptible to damage by sunlight

HDPE Pipe

High Density Polyethylene
Flexible pipe

Inert - not subject to chemical attac
Resists corrosion from hydrogen sulfide
Easily handled

Longer laying length vs. heavier pipe
Gives long-term maintenance advantage of fewer joints and fewer root
intrusions

Nonporous

Although groundwater may infiltrate through poorly made joints or taps, but
it won’t seep through the walls

Commonly used with pipe bursting & sliplining
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Polyvinyl Chloride (PVC)

Most widely used plastic pipe

Flexible pipe

Non-pourous

Inert - not subject to chemical attack

Easily handled, lighter weight vs rigid pipe
Longer laying length vs. heavier pipe (10-20 ft)

Subject to excessive deflection when improperly
bedded R o &




TDEC - Fleming Training Center

Polyvinyl Chloride (PVC)

Needs to be protected from freezing
temperatures and sunlight until installed

Least susceptible to corrosion by acids

Thermoset Plastic Pipe

Reinforced Thermosetting Resin pipe contains
fibrous reinforcement materials, such as
fiberglass, imbedded in or surrounded by
cured thermosetting resin

Reinforced Plastic Mortar pipe contains
fibrous reinforcements such as fiberglass and
aggregates such as sand embedded in or
surrounded by cured thermosetting resin

Key Pipe Characteristics

A rigid pipe will require less support, however
it will crack when the combination of a load
on the pipe and its support causes a stress
that exceeds the strength of the pipe

Rigid pipe will not return to its original shape
when the load is removed

Section 4

Thermoset Plastic Pipe

Include a broad variety of plastics that, after
having been cured by heat or other means,
are substantially infusible and insoluble

R

=

Flexible pipe

Two categories:
Reinforced Thermosetting Resin
Reinforced Plastic Mortar

Thermoset Plastic Pipe

Advantages
Light weight
Long laying lengths

Disadvantages

Subject to strain corrosion in
some environments
Subject to attack by certain
organic chemicals

Subject to excessive
deflection when improperly
bedded

Subject to surface change
from long-term ultraviolet
exposure

Pipe Materials

Rigid Pipe
Asbestos-Cement Pipe (ACP)
Cast-Iron Pipe (CIP)
Concrete Pipe
Reinforced Concrete Pipe (RCP)
Prestressed Concrete Pressure Pipe (PCPP)
Vitrified Clay Pipe (VCP)
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Asbestos-Cement Pipe (ACP)

Rigid pipe

No longer manufactured
It was used frequently for
gravity and pressure sewers §
from4-42in
Still found in many sanitary g
sewer systems throughout
the US

Asbestos-Cement Pipe

Advantages Disadvantages
Long laying lengths Subject to corrosion where
Availability of a wide acids are present
range of strength Subject to shear and beam
classifications breakage when improperly
Availability of a wide bedded
range of fittings Low beam strength

Restrictions by OSHA due to
asbestos content
(precautions need to be
taken when repairing AC

pipe)

Resistant to abrasion

Cast-Iron Pipe (CIP)

Rigid pipe e
CIP (gray iron) is used for both gravity and
pressure sewers in diameters from 2 — 48 inches

A cement mortar lining with an asphaltic seal
coating may be specified on the interior of the pipe
for protection from corrosion

Very resistant to crushing and is often used for
creek and river crossings, shallow trench locations,
and under heavy traffic load areas

Cast-lron Pipe

Advantages Disadvantages
Long laying lengths (in Subject to corrosion
some situations) where acids are present
High pressure and load Subject to chemical
bearing capacity attack in corrosive soils
Subject to shear and
beam breakage when
improperly bedded
High weight
High cost

Concrete Pipe

Rigid pipe
Reinforced (RCP) and non-

reinforced concrete pipe are used
for gravity sanitary sewers

Reinforced concrete pressure
pipe and prestressed concrete
pressure pipe (PCPP) are used for
pressure as well as gravity flow
sanitary sewers

Rigid; heavy
Rubber gasket joints

Concrete Pipe

Prestressed pipe is reinforced with wire strands
under tension to give the pipe an active
resistance to loads or pressures on it
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Thin Steel
Cylinder

Spigot Ring {
High Strength  §

Bell Ring Cast Lining Concrete Core

Vitrified Clay Pipe

Rigid pipe
Used for gravity sewers with laying lengths of 4-10 ft
Manufactured from clay and shales

Made non-porous (vitrified) by heating it at a high enough
temperature to fuse the clay mineral particles

3-36 inch diameters are available, up to 42 in some areas
Compression jointed

Brittle: requires careful installation
(shear & beam breakage possible)

Heat resistant

Pipe Joints

One of the most critical components of the sewer piping
system are the pipe joints

Joints must be effective to control groundwater
infiltration, wastewater exfiltration, and root intrusion
which leads to increased damage to the system

An effective pipe joint must be:
Watertight
Root resistant
Flexible
Durable

Pipe Materials
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Concrete Pipe

Advantages
Wide range of structural
and pressure strengths
Wide range of nominal
diameters

Non-reinforced —  4-
36 inches

Reinforced - 12-
200 inches

Wide range of laying
lengths — 4-24 feet

Disadvantages

High weight

Subject to corrosion
where acids are present (if
not coated)

Subject to shear and beam
breakage when improperly
bedded

Special field repair
methods and special
fittings may be required
for PCPP

Vitrified Clay Pipe

Advantages
High resistance to
chemical corrosion
High resistance to
abrasion
Wide range of fittings
available

Disadvantages

Joints susceptible to
chemical attack

Limited range of sizes
available

High weight

Subject to shear and beam
breakage when improperly
bedded

Pipe Joints

There are many types of gasket (elastomeric
seal) pipe joints that provide a reliable, tight seal

against leakage

Gasketed pipe joints create a seal through the
compression of an elastomeric seal or ring

Two main types of gasket-type pipe joints

Push-on

Mechanical compression
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Pipe Joints

Spigot ~ S~
Push-on pipe joints use a continuous elastomeric
ring gasket, which is compressed into the annular
space formed by the pipe, fitting, or coupler
socket and the spigot end of the pipe (Bell and
spigot)

Gasket provides a positive seal when the pipe spigot is pushed into
the socket

When this type of joint is used in pressure sewers, thrust restraint
may be required to prevent joint separation

Bell

Pipe Joints

Mechanical compression pipe joints use a continuous elastomeric
ring gasket, which provides a positive seal when the gasket is
compressed by means of a mechanical device

Flanged pipe joints

Push-on bell and spigot mechanical joint

with gland-type follower

Pipe Joints

Solvent cement pipe joints involves bonding a
sewer pipe spigot into a bell or coupler using a
solvent cement

Can be used on thermoplastic pipe — ABS, ABS

composite, and PVC

Safety precautions should be taken to ensure adequate trench
ventilation for operators Socket Wiped bead

)

Plastic pipe
Area of solvent
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Pipe Joints

The annular space is the ring-shaped space

located between two circular objects
Examples: bell and spigot joints, Pipe
pipe liner and the inside of the pipe Annular space
Pipe liner

Spigot Annular space
Ungrouted Grouted
Host pipe — Host pipe /

grout interface

IR _— Grou

Bell

Mechanical Pipe Joints

How bto Install """
Mechanical

Jaoint Pipe Ny
“

i X

Pipe Joints

PVC pipe that is schedule 80 and heavier wall
thicknesses may be threaded
Threading not recommended for polyethylene (PE) and
polybutylene (PB)
For PE and PB heat fusion pipe joints are commonly
used
Involves butt fusion of the pipe lengths
Ends of two lengths of pipe are trimmed and softened to a
melted state with heated metal plates then forced together to
the point of butt fusion
Provides a positive seal that does not require thrust restraint
in pressure applications

Pipe Materials
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Pipe Joints — Butt Fusion

§24/630

Concrete Pipe Joints

Pipe Joints - Couplings

Section 4

Pipe Joints

Welded joints are typically found on steel pipe used for force
mains and are very strong and leak tight

Elastomeric sealing compound pipe joints can be used on
concrete pipe that has been sandblasted and primed to provide a
positive seal

Mastic pipe joints are used for non-round shapes of concrete
gravity sewer pipe which are .

not adaptable to gasket joints

Pipe Joints - Couplings

Couplings can be used to join plain
pipe ends and can consist of gaskets,
solvent cement or welded ends

Rubber couplings with
compression bands can also be
applied to join J

plain pipe ends

Pipe Joints - Couplings

Dresser couplings consist of a cylindrical middle ring, two
follower rings, two resilient gaskets made up of a special
Dresser compound and a set of steel track head bolts

MIDDLE RING

Style 38 and Style 40
Coupling Gasket
cross section,

"R, Jm:.':"
A
4

TRACKHEAD
BOLT GASKET RECESS

1 ELLIPTICAL
BOLT HOLE

The middle ring of the Dresser coupling is placed over
the ends of pipe to be connected and the follower rings
compress the beveled gasket to achieve a durable seal
and a flexible joint

Gaskets absorb vibrations and pipe movement and
allow for moderate deflectior

w

LENGTH OF

Qe e o eusmg »
Pire PIPE

REMOVE DEFECTIVE LENGTH OF PIPE
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Pipe Joints - Couplings

Unrestrained Mechanical Couplings

Victaulic (groove and shoulder) couplings join ends of a
pipe that each have a machined groove that receives
the sides of a trough-shaped metal housing in which
there is a similarly shaped rubber gasket

Pipe Joints - Couplings Victaulic Coupling

The housing encases the gasket and engages the
groove providing a leak-tight seal in a self-restrained
joint
Not designed for use
with plastic pipe
Disadvantage:
grooves weaken
the pipe wall
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Pipe Shipping and Unloading
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Pipe Shipping and Unloading

Can be shipped via truck, railroad or
barge

Pipes must be handled carefully to
prevent damage when it is loaded,
transported, and unloaded

Pipe should be inspected upon arrival
and again before installation

Handle carefully
Inspect lining and coating

Stacking Pipe

Plastic pipe must
be inspected closely
if arriving in cold
weather

Always use the
proper equipment
to unload

Stringing Pipe

If pipe is to be stacked and stored - ensure
it is stored off the ground

Secure pipe to prevent rolling
Secure the storage area

Protect plastic pipe from sunlight - but
allow air circulation

R 3

Construction Equipment

Lay pipe as near to the trench as possible to
minimize handling

String pipe on side opposite of spoil pile

Place bells in direction of installation

Secure each section to prevent rolling into
trench

String only enough for one days work to prevent
vandalism

May need to cover ends to keep dirt out and
prevent contamination

Backhoes
Most common equipment used for trench
excavations with vertical or sloped sides
Cable sling can be added for lowering pipe into
trenches .
Can be used to
excavate through
rocky and unstable
soils
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Construction Equipment

Backhoes
Wheeled backhoes — easy to maneuver, can be
used as a loader
Tracked excavators — used to install heavy pipe,
place pipe bedding, and move shoring and other
heavy items

Construction Equipment

Mini-excavators — smaller,
rubber-tired or tracked,
used for shallow and
restricted excavations

Front-end loaders — used to
place bedding and backfill
material and to load excess
material into dump trucks
for hauling away from the
site

_______ |
IMPORTANT:
FESSIONAL
! ; TRAINED PROF ESSI 1
ONLY TRA o
! OPERATORS SHOULD OPERA
1

-

HEAVY KQU

—————

————

Construction Equipment

Skid steer loader — small, equipped
with lift arms that can be outfitted
with buckets or other tools

Bulldozers — continuous-tracked,
with metal blades that move soil,
excavated material

Hydro-excavators — chassis-mounted, X
combined high pressure water and air vacuum
systems used to cut through and break up soil, and
to lift slurry from the excavation area

Plans are prepared by project engineer
and submitted for State approval

Plans should show location and depth of
line, manholes, etc.

Plans should show location and depth of
water and gas pipes, buried telephone .
lines, electric and cable lines y

./"
Ensure selection of proper sized .+
excavation equipment

/e

e

Water and Sewer lines separation at
least 18 inches between the bottom of
the water main and top of the sewer
line

Sewers should be at least 10 feet
horizontally from any water line

Notify the public about the work

Most expensive part of pipe installation
Minimize width and depth as much as
possible without compromising safety

Width should be no more than 1-2 feet
more than pipe diameter, wider around
curves

Trench depth depends on maximum depth
of frost penetration, minimum of 2.5 feet

Minimum distance from trench to spoil pile
is 2 feet

Pipe Installation
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Trenching

Must have an egress if 4 feet
or deeper - stairway, ladders, etc
Trench must be shored or sloped at 5 feet or
deeper

If 20 feet or deeper must be designed by an
engineer

Left open as short a time as possible

Mark with barricades, warning tape, lights, etc
to prevent accidents

Pipe Laying Procedures

Inspect before laying and placing in trench
Check for damage to the spigot end and
lining

Keep gaskets clean and dry

Pipe Laying Procedures

Use a sling or pipe tong to place into trench- never
roll

Cover pipe with plug at the end of each workday
Ensure pipe bedding is level and compacted

Compact the backfill beneath the pipe curvature
(Haunching)

Pipe Joints

Ensure gasket and spigot clean before being
attached

Bell holes or recesses in bedding dug to allow
for joint installation

Spigot end must be inserted to the painted line

Full-length pipes are beveled at end to facilitate
connection

Level pipe for cutting
Insert pipe straight

Thrust Restraints In Pipe Installation

Water under pressure and water in motion
exerts tremendous pressure inside a pipeline
and is highest when water flow changes
direction

All tees and bends should be restrained or
blocked

A thrust block prevents the separation of joints
and pipe movement by transferring the
resultant thrust force at a bend to the
undisturbed soil behind the block

Thrust Restraints In Pipe Installation

Thrust blocks are made
of concrete or other
permanent material

Cast in place between
fittings and undisturbed
soil in the trench
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Thrust Restraints In Pipe Installation

Section 5

Purpose Of Backfilling

Thrust anchors can be used when there is no
undisturbed solid to block against

Tie rods are used to restrain mechanical joint
fittings

Steel rods hold the pipe and are attached to a
block of concrete
Restraining fittings use
clamps and anchor screws

Bend in vertical plane anchorage

Placing Backfill

Only clean sand or selected soil should be
used for first layer

Moist enough for compaction

Should not contain peat, rocks, debris or
frozen material Y=g W

HDPE pipe installation

Cooum::n BACK FIL

o/ uoIsToROED T —%
— wosTon TRENGH WAL
TRENCH WALL DN WL

AR me e ove

B BACKFIL
SPRING UNE 2 (\ . l BN
ame J ] ol WATERAL
+—3 p
s 820G

6" MMM
1 4

HAUNCHING  EMBEDVENT
WATERIAL

S e emons w

SPECIAL BEDDING STANDARD BEDDING
FOR 14'-20" DEPTHS FOR 3" T0 14" DEPTHS

HOTES:

1. EMBEDMENT MATERSAL MUST BE CLASS | (NO. 67 OR NO. 76M WASHED STONE IS TVWICALLY USED)

2. EMBEDUENT MATERIAL SHALL BE COMPACTED TO A MINMUM 06 STANOARD PROCTOR DENSITY FOR CLASS | MATERIAL
& STHOMD BEDONC SHAL B TUZED FOR ALL GASES WHERE TRENGH BOTIIAS ARE INSTASLE OUE 10

4, ALL SANTART SEWER UNES LESS TN 3 FEET AND OVER 20 FEET I DEPTH MUST BE 0P,

Provide for pipe and fitting support
Provides lateral stability between pipe
and trench walls

Carries and transfers surface loads

Placing Backfill

First layer placed equally on both sides of
pipe, up to center, and compacted

Do by hand or pneumatic tamper

Second layer should be good quality
backfill material

Remaining backfill can be excavated spoils

DETAIL o
BEDDING FOR FLEXIBLE & SEMI- RIGID SANITARY SEWER PIPE 07000.13
EFFECTIVE: 070 1104] se 1ot

Compacting

Trench backfill should be well compacted to
avoid later settling
Water compaction: jetting trench backfill
with water
Not suitable for all soil types
Wide variation in results
Backfill must dry out before restoration or
paving

Pipe Installation
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Compacting

»Mechanical compaction: hand-held air
tampers, plate vibrators, vibrating rollers
» Excessive impact can damage pipe
»Maintenance of shoring during compaction
in lifts L ——

Low Pressure Air Testing

» Leak test accomplished by
stringing the sewer line.

»~Then, a winch cable pullsin 2
plugs which are attached with an
interconnecting hose, through in
20 ft intervals.

»Air is fed between plugs until
test fails.

»Leak is isolated by moving the
plugs back and forth.

Water Testing

TDEC - Fleming Training Center

» Air testing (air compressor):

»~Test sewer pipes at air pressure of 3-5 psi
above any outside water pressure on pipe

» Air test pressure too high can blow out pipe
joints or plugs, can injure personnel, or
damage system

»Better in steep terrain because of excessive
water pressure at lower end of sewer pipe

Low Pressure Air Testing

Mandrel Testing

»Water exfiltration test indicates new
sewer’s ability to convey wastewater
without excessive leakage & to resist
groundwater infiltration

» Infiltration test: groundwater entering
pipe is monitored through use of weir.

»Can’t determine location of leak.

» After placing and compacting trench
backfill, but before site restoration, all new
installation of flexible pipe should be tested
with a mandrel to measure for deflection
and offset joints
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Mandrel Testing Mandrel Testing

The mandrel is a rigid, cylindrical plug As the mandrel is pulled through the new

with nine arms that is tapered at both section of pipe it will not pass through if:

ends and fitted with pulling rings to which G\flexible pipe has deflected beyond 5% of its
iameter

pulling and tag lines are attached
Mandrel diameter is 95% of the average
d|aIrFeter o; the Iane e hat th 5% of the pipe diameter
dRu Ing anh tag Ir(;eslar:“e nl;ar € SI(I) td ?tt € A building sewer connection
Istance the mandrel has been pulled into is protruding into the main line
the sewer can be determined

A rigid pipe has been crushed
A joint is offset more than B

Mandrel Testing Site Restoration

Restored to original condition as soon as
possible

Grass restored, curbs replaced, pavement
repaired

Check drainage ditches for debris which
would facilitate flooding

Private property must be returned to
original condition

Pipe Installation 65
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Wastewater Lift Stations

Purpose of Lift Stations

Lift or raise wastewater
or storm water from a
lower to a higher
elevation

TDEC - Fleming Training Center

Objectives

Purpose
Types
Components
Operation
Safety
Maintenance

White House UD Pumping Station

Excavation costs to keep gravity flow become excessive

Poor soil stability
If soil is too unstable for trenching, pump station may be necessary.

Groundwater table too high to install deep sewers

Present flow insufficient to justify extension of large trunk
sewers
Manholes —l Pumping Station

o (&1

Screw carries wastewater up to discharge point

Handle large solids & rags without clogging

Screw supported by 2 bearings-must lubricate

Daily inspection: bent flights, unusual noises, general operation

Serew rotates ina closely fitting

fixed channel Stowing level

Threshold level

68

Lift Stations

Archimedes screw pumps at Memphis STP
Each is 8 feet in diameter and can lift 19,900 gpm (28.6 MGD)

May be covered to control flies, odors and spread of wastewater
in air
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Pneumatic Ejector

Uses compressed air to
eject wastewater

Handles low flows with low
to medium heads with
large solids

Maintenance: clean grease
from tank; inspect valves,
air lines, & electrical
controls

During routine
maintenance, observe
several cycles of the ejector

2 check valves

& 2 gate valves compressor

Receiver
or “pot”

Submersible Pump Station

Section 6

Installations

Wet well/dry well vs. submersible pump station

Submersible Pumping Station

Pump is in wet well

Low flows & higher
heads (pumping against
a large change in
elevation)

Duplex Submersible Pumping Station

Pump-motor unit, electrical
& mechanical controls,
piping, wet well, access frame
& cover

Guide bars of 2” pipe allow
removal of pump from top of
the manhole

Check & isolation valves &
flow meter installed in
separate valve pit

Operator does not have to
enter the wet well to remove
or install the pump

Floats control
operation of
pumps

Submersible Lift Stations

Two pumps (duplex)

Completely submerged in WW ik e

Waterproof motor s oL

) ) e
Second pump provides continuous = e e
operation if 1 pump fails or needs e

onenvour
(s PP ACCESS
cover
a2 il

FIELD MOUNTED
INLET DRAIN HUB

repairs.
When mechanical seal starts

leaking, WW can enter the motor e i
and cause motor to burn out ey -
i o
Mechanical seals keep wastewater o
out sunuszsite
PUMP (TYP)

Check motor with megger monthly
Replace mechanical seals regularly
Clean grit out of wet well regularly

SANITARY AND STORM SEWER

TRANSFER PUMP STATION DETAIL
WO SCALE

Lift Stations

Submersible lift stations are designed
to blend readily with natural
surroundings, since there is no pump
house and there is a minimum of
above-ground equipment

Other advantages to below-ground
installations are noise reductions and
less safety-hazard concerns

This submersible wastewater pump is
being lowered into a lift station on a
guide rail system

All that is needed is a hoist; there is no
need for a person to go into the pit

By using a guide rail system, pump
maintenance and installation is easier
because the piping system does not
need to be disconnected
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Wet Well/Dry Well
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Direct Inline Pumping (DIP) System

Dry well houses pumps, motors, electrical controls, &
auxiliary equipment

Typically for higher flows because has higher initial cost
Equipment in wet well is minimized

Centrifugal Pumps

Most common wastewater lift station pump

Impeller: rotating vanes pump wastewater; large opening
prevent clogging

Volute: spiral-shaped casing collects water discharged by
impeller

Discharge

Vanes of the
impeller

Pump Operation

Special impeller
design that
reverses direction
when clogging is
sensed

One check valve
and small
footprint

No wet well

Horizontally Mounted Centrifugal

Pump
: Discharge
Electric Motor Coupling

l Guard Bearing Housing

Shaft

Coupling Bearings Casing

Gate Valves

Frequent starts & stops:
Cause excessive motor wear
Cause surges in wastewater flow
Increase power costs

Draw more power starting than during normal
operation because motor & pump have to start turning

70

Lift Stations

Needed in lift station to
permit proper flow of
wastewater and permit
maintenance to occur

Immediately before & after
pump to isolate it from wet
well & force main

Operate inactive valves to
prevent sticking

Always “back off” half turn

when fully opening or closing
to avoid “freezing”
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Gate Valves

Section 6

More susceptible to
plugging than plug valves

Better than plug valves:
Some can be slammed shut
by backflow, breaking the
valve body & injuring
operator from water
hammer due to sudden
stoppage of flowing water
Plug valves have a restriction
which can become clogged
with rags & sticks

Auxiliary Equipment

Ventilation system with
sensors & alarms

Screens & comminutors
installed prior to pumps to
prevent large debris from
entering & plugging pipes
Protects pumps
downstream

Lights sufficient in number
& right location to avoid
glare & shadows

Sump pump in dry well
removes accumulated
moisture

Mechanically Cleaned Bar Screen

In larger installations,
mechanically cleaned bar
screens are installed.

To reduce wear, controls
clean the screen only when
debris has accumulated,
and head loss reaches a
preset level.

Maintenance:
Keep well lubricated and
adjusted
Hose down with water to
prevent slime growth and
odors/flies it generates

Installed in discharge of
shat each pump to prevent the
force main from drawing
back into the wet well.

Swinging check valve has
valve body with clapper
o —  arm that open when
pump comes on & closes
when pump shuts off.

Must close before flow
reverses to prevent water
hammer

Wear Rings

Manually Cleaned Bar Screen/Rack

Perforated
Trough

Bar screens or racks collect leaves, sticks, cans, and trash.
Must be cleaned frequently so flow to the pumps is not restricted.
Screenings can cause odors and attract rats and flies.

Screening disposal in landfill.

Safety
Be careful not to trip or fall into the wastewater.
Back injuries and muscle strains can occur when pulling heavy water-logged debris.

Comminutor

Shreds solids, but leaves them in the wastewater

Safety: never attempt to unjam cutter blades without first bypassing
unit, turning off power, locking out breaker & placing tag on breaker

Advantages vs. bar screens: eliminates screening disposal;
eliminates problems from flies and odors

Disadvantages: plastic and wood may be rejected and must be
removed manually
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Comminutor — Muffin Monster
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Level Controllers

Chanmel Monsiers protedt your sysiem

Float Operation

Float controllers:
Grease & debris can
hinder movement
Float attachment
line breakage
May develop leaks
Sensitive to level
changes

Float Operation

g Pump Panel

4 High Level Alarm Off
4 Lag Pump Off

«4— Lead Pump Off

<= Pumps Off

Influent

Float Operation

P Pump Panel

4 High Level Alarm Off
¢ 4= Lag Pump On

| 4= Lead Pump On

¢ 4= Pumps On

72

o Pump Panel

4 High Level Alarm Off
4 Lag Pump Off

: 4= Lead Pump On

4= Pumps On

Float Operation

” Pump Panel

<= Lead Pump On
4= Pumps On
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Level Controllers Level Controllers
. Lewel sensor .
Air bubblers: : Pressure transducer:
Constant low volume, p— Submerged
low pressure air fed e Pre_sst:]re Zre;fited by
through vertically -~ static head of water
mounted pipe in wet ) level sensed by flexible
well pip s membrane.
Converted to electrical [l
Water I.evel i signal in control Sensor
determined by force ,‘g system.
required tr? displace :e.:?_m g Rags & debris foul unit
water In the pipe ra ;53 Grease may cover unit

Level Controllers

] Pump down the wet well to
%{;’;ﬂﬁ; 4 Receiver) the lowest possible level and
then flush the grit to the
o, pump’s suction with high
S’ pressure hoses

Reflected

Sound Waves Grit accumulation leads to

reduced flow to pumps and
loss of wet well capacity

A mixer may re-suspended

Ultrasonic transducer: material in the bottom of the
wet well

Ultrasonic pulses hit the water surface & bounce back
Pulse travel time is converted to electrical signal in control
system

Mixer

Grit Removal Grease & Scum in Wet Well

Removed by_flushmg, Causes odors & impairs
bucket machine or functioning of
vacuum truck equipment

Removal:
Manual

Chemical/biological
treatment of FOG
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Odor Control
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Lift Station Problems

Minimize wet-well
turbulence

Treatment with
scrubbers or biofilters

Chemical addition
Chlorine
Hydrogen peroxide
Oxygen

Odor control unit installed at a
lift station

Carbon bed based scrubber to
control Hydrogen sulfide odors

Chemicals should be
closely monitored

Lift Station Safety

Power

Control system (flooded wet well)

Pumping system (stuck check valve; air-bound pump)
Structure (ventilation fan burned out)

Lift Station Maintenance

Confined space
Hazardous atmospheres
Slippery ladders or stairs

Mechanical & electrical
hazards

Insects, snakes & rodents
Infections & diseases

Inadequate drainage
Drowning

Lift Station Maintenance

Daily
Visual inspection:
Is everything running?
Is anything missing or out of place?
Check chemical levels
Clean screens and check for buildup

Audible:
Any unusual sounds from motors, pumps, meters, etc.

Lift Station Maintenance

Weekly
Record run hours:
How long each pump has run
Check if any maintenance is due
Check blowers
Run generator

Record meter numbers:
Totalizer numbers
Chemical feed volume and levels
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Lift Stations

Monthly
Check floats, sensors, connections
Operate every float to ensure proper operation
Check if alarms are working(audible, visible)
Verify SCADA or dialer connection
Verify numbers match with SCADA

Check pressure gauge
Verify pressure is correct for force main




TDEC - Fleming Training Center

Lift Station Maintenance

Annually
Cleaning and Inspection
Vac truck for any solids accumulation
Check for corrosion
Pull pumps and motors
Complete any components that need replacement
Check valves and gates
Ensure no stuck valves or blocked gates
Drawdown test
Check pump functions and efficiency

Lift Station Maintenance — Basic Tasks

Annually:
Cleaning and Inspection. Drawdown and efficiency test.
Check all valves. Inspect for corrosion. Pull motors and
inspect
Monthly:
Amperage draws for each motor. Check floats and ensure high
and low sensors are working. Check downstream pressure
Weekly:
Record hour meters and calculate run times for each motor.
Record number of cycles and gallons pumped
Daily:
Ensure operation and check for unusual conditions

Section 6

Lift Station Maintenance

Drawdown test
A way to periodically check the flow rate of each pump

Each pump is operated in hand to empty a known
volume of wastewater from the wet well while timed

Gallons pumped
Time in minutes

= Actual gpm

ici _ Actual gpm
Pump Ef ficiency % = Rated gpm X 100%

Diagnosing a Failed Check Valve
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Lift Stations Vocabulary

1. Cavitation 9. Lift Station

2. Comminutor 10. Pneumatic Ejector
3. Discharge Head 11. Suction Head

4. Dry Well 12. Volute

5. Entrain 13. Water Hammer

6. Force Main 14. Wet Well

7. Head

8. Impeller

A pipe that carries wastewater under pressure from the discharge side of a pump to a point
of gravity flow downstream.

A wastewater pumping station that lifts the wastewater to a higher elevation when
continuing the sewer at reasonable slopes would involve excessive depths of trench. These
stations may be equipped with air-operated ejectors or centrifugal pumps. Sometimes
called a pump station.

A device used to reduce the size of the solids chunks in wastewater by shredding. The
shredding action is like many scissors cutting to shreds all the large solids in the
wastewater.

The spiral-shaped casing that surrounds a pump, blower or turbine impeller and collects
the liquid or gas discharged by the impeller.

The vertical distance, height or energy of water above a point. This may be measured in
either height (feet) or pressure (pounds per square in or psi).

A device for raising wastewater sludge or other liquid by compressed air.

The formation and collapse of a gas pocket or bubble on the blade of an impeller or the
gate of a valve. It is accompanied by a loud noise that sounds like someone is pounding on
the impeller or gate with a hammer.

The sound like someone hammering on a pipe that occurs when a valve is opened or closed
very rapidly. When a valve position is changed quickly, the water pressure in a pipe will
increase and decrease back and forth very quickly. This rise and fall in pressures can cause
serious damage to the system.

A rotating set of vanes in a pump designed to pump or lift water.

The pressure (in pounds per square inch or psi) measured at the centerline of a pump
discharge and very close to the discharge flange, converted to feet. The pressure is
measured from the centerline of the pump to the hydraulic grade line of the water in the
discharge pipe.

The positive pressure (in feet or pounds per square inch or psi) on the suction side of a
pump. The pressure can be measured from the centerline of the pump up to the elevation
of the hydraulic grade line on the suction side of the pump.

To trap bubbles in water either mechanically through turbulence or chemically through a
reaction.

Lift Stations
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M. Dry room or compartment in a lift station, near or below the water level, where the pumps
are located.
N. Compartment or tank in which wastewater is collected.

Lift Stations Questions

1. What s the purpose of a lift station?

2. Why does a pump require more energy (draw more power) to start than it does during
normal operating conditions?

3. What are the advantages and limitations of having bar racks/screens in wet wells?

4. Why should isolation valves in lift stations be gate valves instead of plug valves?

5.  Why must lift stations have adequate ventilation?

6. What kind of problems or failures can occur in lift stations?
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7. Why should air release valves be installed at high points in force mains?

8.  Which type of pump is most commonly used in raw wastewater lift stations?

9. Why should lift stations be equipped with at least two pumps?

True-False

10. Equipment located in the wet well should be minimized.
True
False

11. Power to electrode controllers must be turned off and properly tagged before performing
any maintenance on the equipment.
True
False

12. Gate valves are less susceptible to plugging than plug valves.
True
False

Multiple Choice
13. Lifting of wastewater in a lift station is accomplished by:
a. Air lift pumps
b. Centrifugal pumps
c. Piston pumps
d. Turbine pumps

14. Accumulated air in force mains is blown off by:
a. Air release valves
b. Altitude control valves
c. Blowers
d. Check valves
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15

16.

17.

18.

19.

. A'sump pump is used to pump drainage out of a:

a.

b.
C.
d

a.

b.
C.
d.

o0 oo

a.

b.
C.
d.

a.

©ooo o

Dry well sump
Full wet well
Manhole

Wet well sump

The purpose of a check valve is to:

Adjust the discharge flows from the pump

Isolate the pump from the system

Prevent the force main from draining back into the wet well
Prevent plugging of pumps

Pumps draw more power starting than during normal operating conditions because:

Gate valves have to be pushed open

Pipe friction losses are greater

The motor and pump have to start turning
The total dynamic head is greater

Advantages of float control systems include:

Capacity to completely drain the wet well

May be reset manually or by remote control
Sensitivity to water level changes

Simple design eliminates fouling by grease or debris

Limitations of electrode controllers include:

Grease or slime can cover electrodes

If not properly maintained, pumps may not start and stop when desired
Rags and debris can foul electrodes

There are none

A,BandC
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Answers to Vocabulary and Questions

Vocabulary:

1. G 7. E 13. H
2. C 8. | 14. N
3. J 9. B

4. M 10. F

5 L 11. K

6. A 12. D

Questions:

1. To lift or raise wastewater or storm water from a lower elevation to a higher elevation

2. The energy required to start a pump is greater than the total dynamic head (TDH) during
normal operating conditions because additional energy is required to start the motor and
the pump to start the water flowing through the pipes, the check valves and the pump.

3. Advantages: Prevent any large debris from entering and plugging or damaging the pump.
Limitations: Must be cleaned frequently so there is no substantial restriction of
wastewater flow to the pumps.

4. |Isolation valves in lift stations should be gate valves instead of plug valves because some
types of plug valves can be slammed shut by wastewater backflow and possibly injure you
and break the valves body or a portion of the pipe system from the water hammer due to
the sudden stoppage of the flowing water. Also plug valves have a restriction that can be
clogged with rags or sticks.

5. To provide a safe atmosphere for operation and maintenance operators

Power, control systems, pumping systems, structures

7. to prevent accumulation of air and other gases; trapped pockets of air reduce the carrying
capacity of the pipe, increase pumping costs, contribute to damage by water hammer and
may create negative pressures strong enough to collapse pipes

8. centrifugal pumps

9. to provide continuous operation if one pump fails or needs repairs

10. True

11. True

12. False

13.

14.

15.

16.

17.

18.

19.

o

moOoOoOoO>>w
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Inspection & Testing
Collection Systems

Reasons for Inspecting & Testing

Inspection and testing accomplishes:

Identifying existing and potential problem areas
Evaluating the seriousness of detected problems
Determining the exact location of facilities and
problems

Providing detailed information to supervisors
regarding problems

Types of Collection System Problems

TDEC - Fleming Training Center

Reasons for Inspecting & Testing

Wastewater collection systems are designed to be a
reliable method to convey all wastewater to a treatment
facility

In order to accomplish this new and existing systems must
be inspected and tested to gather information for the
development of operation and maintenance programs

The two main purposes of inspection and testing are to
prevent leaks from developing in the system and to
identify existing leaks so they can be corrected

The location and elimination of leaks is one of the major
concerns of system operators

Why are leaks a problem?

When sewer lines are below the water table
infiltration occupies valuable capacity in the
sewer and downstream treatment plant

Sewers above the water table can exfiltrate raw
wastewater polluting soil, groundwater and
surface water ;

Leaks also attract root intrusion
into sewers causing damage
and stoppages

Types of Collection System Problems

Design related deficiencies — ability of soil to
support pipe and manhole weights, shifting
soils, and vibrating or crushing forces from traffic

Improper installation — improper line, grade,
and joint installation or shortcuts in bedding,
connections and backfilling

Inadequate sewer use ordinances

Improper inspection and
enforcement of tap-ins or

service connections

Population shifts or changing patterns of activities

can result in surcharging sections of the system
Surcharge — the supply of wastewater to be carried
exceeds the pipe capacity

Problems of a recurrent nature — grease, debris,

and trash from specific dischargers resulting

stoppages or restrictions

Problems characteristic of that region resulting in

rapid deterioration — climate, high sulfate content,

high soil or wastewater temperatures
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Types of Collection System Problems

Poor coordination and cooperation between local
agencies — street construction and repair, existing
utilities, handling illegal dumping into sewers

Disaster or contingency situations — explosions,
earthquakes, or subsidence

Subsidence — the settling of underground utilities after
the removal of excess water from an aquifer

Problems related to old or
neglected collection systems

Why control Infiltration & Inflow?

Hydraulic pressure resulting from overloading
can lead to pipe failure because it is not designed
as a pressure pipe

Overloading can lead to exfiltration which can
wash away the bedding material and soil creating
voids that can lead to subsidence

Wastewater treatment plants can exceed their
hydraulic capacity which can overload the
treatment processes and result in inadequate
treatment

Inflow is water that is not polluted and should be in a
stormwater drainage system, not a wastewater
collection system

Enters from deliberate illegal connections or by
deliberate drainage of flooded areas

Detection requires flow studies and inspections by
smoke or dye testing of surrounding residential and
commercial buildings or private property

Corrections require sewer use ordinance

Storm water inflow from pick holes in cover, poor seal
between cover & casting

Section 7

Why control Infiltration & Inflow?

Infiltration and Inflow (I/1) is recognized as a major cause of
operational problem which can lead to poor performance or
system failure

Hydraulic overloads in a collection system lead to
surcharged manholes, overflowing manholes, exposure of
the public to the pathogens found in raw wastewater, and
negative environmental effects

Sanitary Sewer Overflow (SSO)

Capacity Assurance, Management, Operation, and Maintenance
(CMOM) — program proposed by the EPA specifically to control SSOs,
reduce system degradation, avoid hydraulic overloading, SSO
response, and protect the public’s investment

Examples of Infiltration & Inflow

{ D e
SR & e,

Created by high levels groundwater

Through deteriorated or broken pipes, joints,
manholes

Detected by metering flows during low flow
periods

Once located, conduct field verification using
visual inspection, CCTV inspection and/or
smoke or dye testing
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Manhole Inspections

Leakage of wastewater out of CS through
broken or damaged pipes or manholes

May contaminate shallow wells or ditches
where children and pets play

Detected by CCTV inspection or smoke testing

Manholes are an import part of the collection
systems and require the same inspection and
attention as the rest of the sewer network

Inspection Objectives:
Determine the proper elevations or grades
around the lid
Ensure lid isn’t buried
Examine structural integrity — look for cracks
Performing its intended job

Manhole Inspection: Examples

Leaking

manhole rings
Infiltration

through
\ precast joints

" Cracks caused
\ by shifting and
expanding soil

Infiltration
through
loose mortar

Damage from
microbiological
corrosion

Leaks
around
stubouts

Manhole Inspection: Equipment

Inspection forms are needed to act as a record and a
checklist to make certain all types of defects or
maintenance requirements are adequately documented
— can be done electronically

Powerful flashlight — mirror can also be used (lamping)

Map of the collections systems — geographic information
system (GIS)

Manhole hook or lid removal device
Scrapers and wire brushes for cleaning the manhole ring

Manhole Inspection: Equipment

Rigid straightedge (5-6 ft long) for measuring the
grade around the lid

Hand protection — leather gloves

All traffic control safety equipment
Manual of Uniform Traffic Control Devices (MUTCD)

Atmospheric monitoring device

Telescoping measuring device to measure depth of
flows, verify pipe diameters and measure depth of
manhole inverts

Blower and hose for ventilating the manhole
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Manhole Inspection: Objectives

Some agencies prohibit manhole steps and use ladders
instead to eliminate hazards of corroded steps

Manhole pressure tests are typically negative-pressure
(vacuum) tests

New manholes should be carefully
inspected before acceptance

Existing manholes should be
inspected once every 1 to 5 years
and more often for those located
in areas of heavy vehicle traffic
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Manhole Inspection: Procedure

These six steps can be used to
inspect manholes of brick and = -

mortar, concrete, lining or
prefabricated material -
Locate the manhole and check the area around
it for proper drainage away from the lid
Use the straightedge to measure the grade
A lid that is too high or too low will be subject
to pounding from crossing vehicles
In easement areas the lid should be 2 or more
inches above the surrounding soil

Manhole Inspection: Procedure

Use the ventilation blower

Use the outlet hose to blow away debris from
around the manhole ring — prevents it from
falling in on someone working in the manhole
Exercise caution when removing lid
Lower the outlet hose until it reaches the
operator head level (5-6 feet up from bottom)
Lower the probe of the atmospheric monitoring
device to the same level, should be monitored by
the topside attendant and readings should be
recorded every 10 — 15 minutes

Manhole Inspection: Procedure

Inspect the manhole
Document the locations and types of any

observed defects including:
Crack or breaks in the walls or bottom
Infiltration — estimate flow in gallons per minute
Joint security
Offsets or misalignments
Root intrusions
FOG accumulations
Gravel, debris, concrete, grout accumulations
Sluggish wastewater flow or backup
Corrosion

Section 7

Manhole Inspection: Procedure

Test the atmospheric conditions

Insert the monitor probe through an opening
in the manhole cover

Test for 15 minutes starting at the top and
taking measurements every 5 feet until the
bottom is reached

Manhole Inspection: Procedure

Inspect the manhole

Mark the inspection form in accordance with
the configuration of the pipes entering the
manhole

Use flashlight to inspect all surfaces and joints
Look into the sewer piping upstream and
downstream for cracks or breaks that could
have been caused by settling

Using a light or a mirror and reflected sunlight
to inspect a sewer between two adjacent
manholes is known as lamping

Manhole Inspection: Procedure

Use a wire brush and scraper to clean the
ledge of the manhole ring, then inspect it
carefully for any cracks in the metal

If a crack is observed, the manhole should
be barricaded and the ring should be
replaced immediately because a single crack
in a manhole ring weakens the rest of the
metal parts, and could result in a sudden
failure under vehicle load
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Manhole Inspection: Procedure

CCTV Inspections

Replace the manhole lid

The lid should not rock or rattle when touched
Inspect to be sure there not debris on the ring
before reporting the rattle as a defect — it will
only get worse with time

Vehicles driving over a rocking or improperly
seated manhole lid can cause it to flip
completely out of the ring creating a hazard
Defective manhole lids and rings should be
replaced as soon as possible

Closed-circuit television inspection (CCTV) of a sewer
provides valuable information for operators identifying
issues and their locations within a collection system

CCTV Inspections

Positive identification by CCTV eliminates the
guesswork and can be used to identify:

Pipe structural conditions

Integrity of pipe joints

Leaks (1/1)

Pipe sags that accumulate debris

Service lateral condition and location

Root intrusion sources

Fats, oils, and grease accumulation

Illegal or protruding taps

Evaluate the effectiveness of maintenance work

CCTV Inspections

There are two types of camera systems
commonly used — analog and digital

Analog — provides a video feed by cable to a
remote viewing and recording system

Digital technology processes several images

per second to create a single image for viewing
High resolution images can be evaluated much
more quickly and accurately than analog
systems

CCTV Inspections

CCTV Inspections

Data collection and pipe assessments require
standardization in observations and recording
methods
This allows various personnel to record
observations consistently
National standards system can be used such as
the Pipeline Assessment and Certification
Program (PACP) through the National
Association of Sanitary Sewer Contractors
(NASSCO)

Conventional CCTV inspection systems are
used to inspect 6-15 inch diameter sewer pipes
using a camera mounted to a self-propelled
transporter or pulled by remote winch
Small diameter pipe can be inspected from a
lateral-launch small camera system
Lateral-launch camera typically
allows inspections of 50-70 feet
from the main sewer pipe
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CCTV Inspections

Section 7

Self-propelled Transporters

Video signal is sent by cable to a TV monitor
and recording equipment or computer

Camera lens may be fixed allowing only

forward viewing or pan/tilt type that allows
rotational inspection of pipe joints, views up
service connections, or inspect flaws closely

Self-propelled Transporters

The camera is hard
mounted to the transporter
and a steel cable or bridle
(strain relief cable) is used
on the camera cable to
provide some slack and
strain relief, so the camera
does not pull free from the
cable during operation or
pull-back

Additional Inspection Options

Portable and small-diameter pipe inspection
systems are simple, lightweight, and designed
to give real-time data in areas of the system
that are difficult to reach with conventional
systems

Used to move the camera through the pipe
Called tractors or crawlers

Can be continuous track or have wheels with
different coatings and traction configurations
for various pipe conditions

Although self-propelled transporters are the
most common means of moving the camera in
the pipe, remote winch systems are still used
where self-propelled systems are not suitable

The CCTV camera is mounted to a skid that is
pulled through the system by a steel cable
attached to the winch

Typically 500 — 1000 feet of small diameter

cable

Winch is typically located at the far manhole

Additional Inspection Options

Digital scanning provides advanced inspection
capabilities by capturing high-resolution digital images
to give a full pipe or unfolded image

Wide-angled lenses used

Review and assessment of the inspection can be done

separately 3
Zoom cameras (pole cameras)
are a rapid deployment pipe
inspection tool

Allows for inspection of

conditions in deep manholes

and the pipes entering the manhole
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Additional Inspection Options

Pole Camera
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Additional Inspection Options

CCTV Inspections

»“Pull type” CCTV inspection assembly requires at least two
manholes be open.

»Pipe should be cleaned prior to inspection (high-velocity
cleaning, power rodders, balling, bucket machines, water-jet
vacuum trucks) to remove grit, grease, roots, sludge, etc.

Logging & Recording CCTV Inspections

»Example of what camera may see:

»CCTV inspection shows one section flowing
% full, but upstream and downstream are
only % full, why?

»There may be a sag in the pipe

»Nozzle-based camera platforms are used for
real-time problem inspection when CCTV is not
available, QA/QC of repairs and cleaning
activities and standard assessments

Logging & Recording CCTV Inspections

»Written log/inspection
report

» Still photographs
»Videotape recordings

Logging & Recording CCTV Inspections
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»Sources of entry of surface
water to CS

to CS

» Location of illegal or faulty
connections

»Location broken sewers
»Location lost manholes

Smoke Testing Preparations

»Warn public in advance when and where
smoke testing is planned

»Involve local fire and police departments

»Train all operators how to handle persons who
discover smoke in their homes

> Prepare operators to respect
property and privacy of
customers

»~Inspect area to be tested

Dye Testing

»Used to:

»Determine if facilities or
fixtures are connected to
sewer

» Estimate velocity of WW
in sewer

»~Test for infiltration and
exfiltration

»Equipment: manhole hook
& dye (tablet vs. powder)

Section 7

»Smoke blower unit

»Pipe plugs

»Smoke bombs ;ﬁt]ag% =%

Smoke Testing

»Tracer dyes are also effective for estimating

sewer velocities

»Start with downstream section and work

upstream

»Insert the dye in the upstream manhole and
record the time until it is first seen in the

downstream manh

and when the dye can no

longer be seen (t2)

Dye Testing

ole (t1)

Inspection & Testing
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Dye Testing

90 Inspection & Testing



TDEC - Fleming Training Center Section 7

Inspecting & Testing Vocabulary

1. Corrosion 6. Subsidence
2. Offset 7. Surcharge
3. Pre-Cleaning 8. Tag Line
4. Saddle Connection 9. Water Table
5. Sewer Gas

A building service connection made to a sewer main with a device called a saddle.
A pipe joint that has lost its bedding support and one of the pipe sections has
dropped or slipped, thus creating a condition where the pipes no longer line up
properly.

A line, rope or cable that follows equipment through a sewer so that equipment can

be pulled back out if it encounters an obstruction or becomes stuck. Equipment is

pulled forward with a pull line.

The dropping or lowering of the ground surface as a result of removing excess

water (overdraft or over pumping) from an aquifer. After excess water has been

removed, the soil will settle, become compacted and the ground surface will drop
and can cause the settling of underground utilities.

The gradual decomposition or destruction of a material due to chemical action,

often due to an electrochemical reaction.

The upper surface of the zone of saturation of groundwater in an unconfined

aquifer.

Gas in collection lines (sewers) that result from the decomposition of organic matter

in the wastewater. When testing for gases found in sewers, test for lack of oxygen

and also for explosive and toxic gases.

H. Sewers are surcharged when the supply of water to be carried is greater than the
capacity of the pipes to carry the flow. The surface of the wastewater in the
manholes rises above the top of the sewer pipe, and the sewer is under pressure or
a head, rather than at atmospheric pressure.

I. Sewer line cleaning, commonly done by high-velocity cleaners, that is done prior to

the TV inspection of a pipeline to remove grease, slime and grit to allow for a

clearer and more accurate identification of defects and problems.

@ >
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Inspecting & Testing Questions

1. Why must inflow and infiltration be controlled?

2. What are the sources of inflow?
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3. How can sources of infiltration be located?

4. How can infiltration problems be corrected or eliminated?

5. Why should exfiltration be controlled?

6. Why should manholes be inspected?

7. How often should a manhole be inspected?

8. Why must testing and inspecting collection systems be done thoroughly and on a
regular basis?

9. Why should the TV camera always be pulled from the upstream manhole to the
downstream manhole?

10. What is the purpose of smoke testing?

11. Where should observers look for smoke?

12. What is the purpose of dye testing?

13. What is the purpose of pipeline lamping?
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Answers
Vocabulary:
1. E 4. A 7. H
2. B 5 G 8. C
3. 1 6. D 9. F
Questions:
1. Inflow and infiltration must be controlled to prevent hydraulic overload on the

collection system or the wastewater treatment plant.

The source of inflow includes deliberate connections and surface drainage.

Sources of infiltration can be identified by the use of closed-circuit television, flow

metering devices, smoke testing, dye testing and visual inspection.

4. Infiltration problems can be corrected or eliminated by sealing using pressure

grouting, digging up and replacing pipe or inserting a plastic or fiber liner.

Exfiltration must be controlled because it can cause pollution of groundwaters.

Manholes should be inspected to be sure the lid is at the proper elevation, the

manhole is structurally sound and the manhole is performing its intended job.

Every 1-5 years with those in heavy traffic areas being inspected more often.

To reduce the number of stoppages and failures.

The TV camera should always be pulled from the upstream manhole to the

downstream manhole for the sake of consistency. Also there is a lesser chance of

the camera becoming stuck in older lines. Pulling the camera toward the
downstream manhole also helps to prevent a buildup of rages and debris in front of
the lens.

10. To determine: sources of entry to the collection system of surface waters, proof
that buildings or residences are connected to a wastewater collection system,
location of illegal connections, location of broken sewers, location of lost manholes
and diversion points.

11. Look for smoke from: roof vents, building foundations (especially where the house
sewer passes under the foundation), yard drains, rain gutters and inside buildings.

12. To determine if certain facilities or fixtures are connected to the wastewater
collection system, such as buildings that don’t show smoke from vents during
smoke tests and yard drains or storm drains.

13. The purpose of pipeline lamping is to determine whether or not a section of pipe is
straight and open.
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Backflow Case Study
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Case studies of backflow incidents

Basics of Cross-Connection Control
Hydraulics

Definitions

Backflow Preventers

Applications

Backflow Case Study
Kool-Aid Laced with Chlordane

Human Blood in the Water System

Blood observed in drinking ol partion
. Posive supply pressure Poablewater - Open
fountains at a funeral home

Hydraulic aspirator used to
drain body fluids during
embalming

Contamination caused by low
water pressure while
aspirator was in use

aspirator due o
back siphonage

Backflow Case Study

Propane Gas in the Water Mains

Gas company initiated repairs
on 30,000 gallon liquid
propane tank by flushing with
fire hydrant

Vapor pressure of propane
residual in the tank exceeded
water main pressure

Hundreds evacuated, two
homes caught fire, water
supply contaminated

Exterminator submerged garden
hoses in small buckets while mixing
insecticide at the same time a water
Recommended installation

meter was being installed nearby of hose bibb vacuum
‘ breaker backflow preventer

During a new water meter
installation chlordane was back
siphoned into water lines and
became mixed with Kool-Aid

A dozen children and three adults
became sick

Backflow Case Study
EPA Study

EPA compiled backflow
incident data from 1970
to 2001 and found:

459 incidents resulted in
12,093 ilinesses

Backflow incidents can
result in property
damage, personal injury,
and even death
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Hydraulics and Pressure

Federal
Federal Safe Drinking Water Act

State
Tennessee Safe Drinking Water Act

Statute
Regulation

Local
Ordinance (City) or Policy (Utility)
Plumbing Code
Cross Connection Control Plan

SED ST,
K KN

(aﬂ“ﬂﬂm.ve_
¥ agenct’

(¢)

+ &>
12 ppot®”

ASP

Head Pressure

27 3/4”

1 psi

\ Y

27 %" = 2.31 Feet of Head

27 3/4” of water generates a
pressure of one pound per
square inch (psi)

The pressure on the bottom of
the container is generated by
the weight of the water above
it

9O5psi

Water can flow through a pipe in either direction

The direction of flow will depend on the forces
(pressures) acting on the water

Water pressure naturally tends to equalize

Therefore, water flows down a gradient from high
pressure regions to low pressure regions
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Reverse Flow - Backflow

Backpressure

Pressure in downstream pipingéreater than supply pressure

10N »

Normal Direction of Flow

Backsiphonage

Sub-atmospheric pressure in the water system

Normal Direction of Flow
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Backflow

The undesirable reversal of flow of water or other
substances into the potable water distribution supply

Occurs due to:
Backpressure
Backsiphonage

Backpressure

Backsiphonage

What is drawn into
the water pipes if
backsiphonage
occurs?

As backsiphonage occurs air will be drawn up into the water
pipes

Cross Connection Control
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Backsiphonage

Section 8

Backsiphonage

What is drawn into §

the water pipes if

backsiphonage
occurs?

Aspirator Effect

Backsiphonage may
occur at this point

As water flows through a pipe, the pressure against the
walls of the pipe decreases as the speed of the water
increases

If a second pipe is attached there could be a low
pressure area created at the point of connection which
could siphon water from the attached pipe into the
flowing pipe - Backsiphonage

Cross-Connection

An actual or potential connection between a potable water
supply and any non-potable substance or source

Cross-connection types:
Direct
Indirect

Direct Cross-Connection

Indirect Cross-Connection

A direct cross-connection is subject to backpressure or
backsiphonage

Water
Make-up
Line -

Direct Connection

=)

An indirect cross-connection is subject to backsiphonage
only

Submerged Inlet
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Indirect Cross Connection

Submerged Inlet Low Inlet

Direct Cross Connection?

The Backflow Incident

Degree of Hazard

Non-Health Hazard Health Hazard For backflow to occur three conditions must be
Low hazard High hazard met:
Will not cause illness or Causes illness or death There must be a cross-connection. A passage must
death Contaminant

exist between the potable water system and
another source.

A hazard must exist in this other source to which
the potable water is connected.

The hydraulic condition of either backsiphonage or
backpressure must occur.

Pollutant

Five Means of Preventing Backflow

Air Gap Separation (AG)
Reduced Pressure Principle Assembly
(RPZ/RPBP/RP)
Double Check Valve Assembly (DCVA)

Pressure Vacuum Breaker (PVB)/
Spill-Resistant Vacuum Breaker
Atmospheric Vacuum Breaker (AVB)
An air gap is the vertical separation between the
water supply line outlet and the overflow rim of the
non-pressurized receiving fixture or tank
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An air gap is the BEST
method of protection
against backflow

Approved air gap separation
must have a vertical
unobstructed distance of at
least twice the internal

. diameter of the outlet pipe,
2X1ID, but never less than 1 inch

Section 8

not <1 inch

Air Gap Separation Limitations

The air gap is the best method of backflow prevention,
but it is easily defeated through modifications or being
bypassed

The air gap separation causes a loss of pressure in the
system

Sanitary control is lost - cannot
be installed in an environment
containing airborne
contamination

Approved Air Gap Separation

Backflow Protection Against:
Backsiphonage

Backpressure

Contaminant (health hazard)
Pollutant (non-health hazard)

Reduced Pressure Principle Assembly

Reduced Pressure Principle Assembly

The reduced pressure principle backflow
prevention assembly (RP) consists of two
independently operating check valves together
with a hydraulically operating, mechanically
independent, pressure differential relief valve
located between the check valves, all located
between two resilient seated shutoff valves and

four properly located test cocks. 3 N s
properly ‘I‘ﬁ\-f~ I

BEST device to protect against
backflow

o

rC #1

Inlet Shut-off Qutlet Shut-off
Valve Valve
0 ’

Check Valve #1 Check Valve #2

Sensing
Line or
Tube

Diaphragm

Relief Port or Vent
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The two check valves loaded in the closed position
mechanically keep the water flowing in one direction
through the assembly

The relief valve assembly is designed to maintain a
lower pressure in the zone between the two checks
than in the supply side of the unit which hydraulically
keeps the water flowing in one direction through the
assembly

Water always flows from high pressure to low pressure

Double Check Valve Assembly (DC)

TDEC - Fleming Training Center

Backflow Protection Against:

Backsiphonage

Backpressure
Contaminant (health hazard)
Pollutant (non-health hazard)

Double Check Valve Assembly (DC)

Double Check Valve Assembly (DC)

Since the water in a DC cannot leave the system during a
backflow event or assembly failure then it is a higher risk
and therefore cannot be used in a high hazard
(contaminant) application

If one check fails the other will continue to protect, but
given enough time the second check will fail and
backflow will occur

Second check fouled during backpressure

The double check valve backflow prevention assembly
(DC) consists of two independently operating check
valves installed between two tightly closing resilient
seated shutoff valves and fitted with four properly
located test cocks

Similar to the RP, but has no relief
port so it cannot maintain a lower
pressure in the zone between the
checks and nowhere for the water §
to go during a backflow incident or £
failure

Double Check Valve Assembly (DC)

Backflow Protection Against:

Backsiphonage
Backpressure
Pollutant only
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Proper Installation for DC and RP

Lowest part of the relief valve should be a minimum
of 12 inches above either: the ground, the top of the
opening of the enclosure wall, or the maximum flood
level
Whichever is highest, in order to prevent any part of
the assembly from becoming submerged
Maximum 60” above grade to the center line of
assembly, if higher then safe permanent access must
be provided for testing and servicing

* Tennessee Cross-Connection Control Manual and Design Criteria for Cross-Connection Control Plans,
Ordinances, and Policies (2008) — Appendix B

Pressure Vacuum Breaker (PVB)

Pressure Vacuum Breaker (PVB)

Incoming water pressure will
compress the spring on the check
and flow into the body

As pressure builds up in the body it
will compress the spring on the air
valve and close it allowing water to
travel downstream

Section 8

Proper Installation for DC and RP

Assemblies should be installed in accordance with
manufacturer’s installations otherwise it voids the
approval for the assembly

Protected from vandalism and weather (if needed)

RP requires adequate drainage —
cannot be installed in a pit or meter
box

Must be accessible for testing and
repair

Pressure Vacuum Breaker (PVB)

The pressure vacuum breaker or spill
resistant vacuum breaker consists of an
independently operating check valve
loaded in the closed position and an
independently operating air inlet valve
loaded in the open position and located
on the discharge side of the check
valve, with tightly closing shutoff valves
on each side of the check valves, and
properly located test cocks for valve
testing

PVB Backsiphonage Condition

In a backsiphonage condition
there is a loss of supply pressure
and the check valve is forced
closed

If the body loses pressure the air
inlet valve is forced open allowing
air into the body of the pressure
vacuum breaker and breaking any
siphon

Only to be used to protect against
backsiphonage
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Installation of PVB Pressure Vacuum Breaker

PVB is not designed to protect against backpressure and cannot

have any source of backpressure (including head pressure) Acceptable
downstream of the device installation not
12"
subject to

backpressure
Needs to be installed

12 inches above the
highest point
downstream

To Irrigation

1
| Not acceptable in TN —all 1
1 irrigation systems must be :
: protected by an RP :

Chemicals

Pressure Vacuum Breaker Pressure Vacuum Breaker

Improper installation subject to backpressure Backflow Protection Against:

Backsiphonage Only
Contaminant (health hazard)
Pollutant (non-health hazard)

Elevation - at least 12” above
To Irrigation

— downstream piping

Pump creating higher pressure than
supply pressure = Backpressure

Atmospheric Vacuum Breaker (AVB) Atmospheric Vacuum Breaker (AVB)

Cap screws

The atmospheric vacuum

Name plate
T

Cap .
/ ‘

°"iﬂ9"‘!:_,:l_:;,;sm

=
———Seal ring
Float —=

Vave__ |

body

Atmospheric Vacuum
Breaker Exploded View

104
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S
2

breaker is a device designed to
prevent backsiphonage. It
consists of a body, a single
moving float that acts as a check
valve when there is no flow and
as a air-inlet valve when flow is
present, and an air-inlet
opening covered by a cap
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Atmospheric Vacuum Breaker (AVB)

Section 8

Installation of AVB

During a backsiphonage
condition the float drops by
gravity due to the loss of
incoming pressure which
automatically opens the air
inlet, introducing air into the
system to break any siphon
that has formed

Loss of supply
pressure

Atmospheric Vacuum Breaker

Acceptable
6” installation not
‘ subject to

Aspirator

backpressure

To Irrigation

1
| Not acceptable in TN —all 1
1 irrigation systems must be :
: protected by an RP :

Chemicals~

Atmospheric Vacuum Breaker

Backflow Protection Against:

Backsiphonage Only
Contaminant (health hazard)
Pollutant (non-health hazard)
Elevation - at least 6”
Non-Continuous Use

AVB is not designed to protect against backpressure
and cannot have any source of backpressure (including
head pressure) downstream of the device

Needs to be installed ——
6 inches above the i
highest point
downstream

Atmospheric Vacuum Breaker

Improper installation: downstream shutoff valves

Shutoff valves downstream
of an AVB can cause a
continuous use situation

The float of an AVB
subjected to continuous
use could begin to adhere
to the air inlet and allow
backflow

Separate irrigation
zones

Indirect Direct
Backsiphonage Only Backpressure and
Backsiphonage
Continuous Use Non-Continuous Use
Health Hazard Air Gap Air Gap Air Gap
RP RP RP
PVB PVB
AVB
Non - Health Air Gap Air Gap Air Gap
Hazard RP RP RP
DC DC DC
PVB PVB

AVB
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Testing of Assemblies

»Assemblies must be tested when installed, after repair,
and at least annually

»~Assembly testing must be conducted by certified
personnel

» TDEC issues a certification for all
assembly testers

yltimate goal of

)Ss connection
rol is to protect
public drinking
ater supply

~ Backflow tester certification
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Cross Connection Vocabulary Review

1. Air Gap 10. Pollutant

2. Atmospheric Vacuum Breaker 11. Overflow Rim

3. Auxiliary Supply 12. Pressure Vacuum Breaker
4. Backflow 13. Reduced Pressure Principle
5. Backpressure Assembly

6. Backsiphonage 14. Water Purveyor

7. Check Valve 15. Differential Pressure

8. Cross Connection

9. Feed Water

.

© zZX

A valve designed to open in the direction of normal flow and close with the reversal
of flow.

A hydraulic condition, caused by a difference in pressures, in which non-potable
water or other fluids flow into a potable water system.

The test kit gauge measures this on the backflow prevention assembilies.

In plumbing, the unobstructed vertical distance through the free atmosphere
between the lowest opening from any pipe or outlet supplying water to a tank,
plumbing fixture or other container, and the overflow rim of that container.

A backflow condition in which the pressure in the distribution system is less than
atmospheric pressure.

A substance that would constitute a non-health hazard and would be aesthetically
objectionable if introduced into the potable water system.

A mechanical device consisting of two independently operating, spring-loaded
check valves with a reduced pressure zone with relief valve between the check
valves.

Any water source or system, other than potable water supply, that may be available
in the building or premises.

Water that is added to a commercial or industrial system and subsequently used by
the system, such as water that is fed to a boiler to produce steam.

A device designed to prevent backsiphonage, consisting of one or two
independently operating spring-loaded check valves and an independently
operating spring —loaded air-inlet valve.

A backflow condition in which a pump, elevated tank, boiler or other means results
in a pressure greater than the supply pressure.

A physical arrangement that connects the potable water supply with any other non-
potable water supply.

. The top edge of an open receptacle over which water will flow.

A mechanical device consisting of a float check valve and an air-inlet port designed
to prevent backsiphonage.

An organization that is engaged in producing and/or distributing potable water for
domestic use.
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Cross-Connections Review Questions

1. Define a cross-connection.

2. Explain what is meant by backsiphonage and backpressure.

3. List four situations that can cause negative pressure in a potable water supply.
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4. List six waterborne diseases that are known to have occurred as a result of cross-
connections.

5. What is the most reliable backflow-prevention method?

6. Is a single check valve position protection against backflow? Why or why not?

7. How often should a reduced-pressure-zone backflow preventer be tested?
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8. In what position should an atmospheric vacuum breaker be installed relative to a shutoff
valve? Why?

9. How does a vacuum breaker prevent backsiphonage?

10. List seven elements that are essential to implement and operate a cross-connection control
program successfully?
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Vocabulary Answers:

1. D
2. N
3. H
4. B
5 K
6. E
7. A
8. L
9. |
10. F
1. M
12. J
13. G
14. O
15. C

Review Question Answers:

1. A cross-connection is any connection or structural arrangement between a potable
water system and a nonpotable system through which backflow can occur.

2. Backsiphonage is a condition in which the pressure in the distribution system is less
than atmospheric pressure. In more common terms, there is a partial vacuum on
the potable system.

Backpressure is a condition in which a substance is forced into a water system

because that substance is under a higher pressure than system pressure.

3.
e fire demand
e a broken water main or exceptionally heavy water use at a lower elevation
than the cross-connection
e abooster pump used on a system
e undersized piping
4.

typhoid fever

dysentery and gastroenteritis
salmonellosis

polio

hepatitis

brucellosis
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10.

112

The most reliable backflow prevention method is an air gap.

A single check valve is not considered positive protection against backflow. A
check valve can easily be held partially open by debris, corrosion products or scale
deposits.

Reduced-pressure-zone backflow preventers should be tested at least annually.
An atmospheric vacuum breaker must be installed downstream from the last shutoff
valve. Ifitis placed where there will be continuing backpressure, the valve will be
forced to remain open, even under backflow conditions.

When water stops flowing forward, a check valve drops, closing the water inlet and
opening an atmospheric vent. This lets water in the breaker body drain out,
breaking the partial vacuum in that part of the system.

an adequate cross-connection control ordinance

an adequate organization with authority

a systematic surveillance program

follow-up procedures for compliance

provisions for backflow-prevention device approvals, inspection and
maintenance

e public awareness and information programs

Cross Connection Control
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An accident is caused by either an unsafe
act or an unsafe environment.

Personal cleanliness is the best means of
protection against infection

Before Leaving the Yard

Work assignments
Equipment needs
Equipment inspection
Vehicle inspection
When backing up a truck, one person should always be at
the rear of the truck in view of the driver
Mirrors and windows {
Lights and horn
Brakes
Tires
Trailer hitch/safety chain

TDEC - Fleming Training Center

Objectives

General Duty Clause
Traffic Safety
Confined Spaces
Lockout/Tagout
Electrical Safety

Fire Protection
Chemical Safety

General Duty Clause

FEDERAL - 29 CFR 1903.1

Worker Right to Know:

EMPLOYERS MUST: Furnish a place of employment free of
recognized hazards that are causing or are likely to cause
death or serious physical harm to employees. Employers
must comply with occupational safety and health standards
promulgated under the Williams-Steiger Occupational Safety
and Health Act of 1970

F-Il-sanl“r;?ngg TN Department of
Center Environment &
= CoOnservation
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Traffic Control Zones

Advanced warning area
Transition area

Buffer space

Work area

Termination area

Advanced Warning Area

Traffic Control Zones

Traffic Space allows
traffic to pass through the
activity area

Buffer Space
(lateral)

Advanced warning
area length:

Urban areas- 1 block
Roadways- 1500 ft
Freeways- % to 1 mile

b

¥

Termination Area lets

| —F 100 Downstream traffic resume normal
|t Taper driving

—+—  Work Space is set aside
for workers, equipment

and material storage  p iy Area is where the

EEES e o work takes place

Buffer Space (longitudinal) provides
protection for traffic and workers

¥

Transition Area moves traffic
out of the normal path
¥
t
Advance Warning Area
tels traffic what to expect
ahead

Advanced Warning Area

This is where you communicate to the motorists that
traffic is changing ahead
This area will hopefully put the drivers on alert

Must be long enough to give motorists adequate time
to respond to particular work area conditions

Transition Area

Typically % mile to one mile for highways
1500 feet for most other types of roads
At least one block for urban streets

Transition Area

Traffic is channelized from the normal highway lanes to
the path required to move traffic around the work area

Use of tapers
Channeling devices or pavement markings placed at an angle
to direct traffic
Not required if no lane or shoulder closure is involved
i i

i
jidt

motorists

Types of tapers used in traffic control zones:
Lane closure tapers — To slowly angle traffic out of a lane and
eventually close it off to motorists

Two-way traffic tapers — To control two-way traffic where
traffic is required to alternately use a single lane (One Lane
Two-Way Closure or Flagger Closure)

Shoulder closure taper —to close off shoulder areas from

Downstream taper — Installed after the work area to
return/direct traffic back into its normal path

Safety & Trenching
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Work Area

Buffer Space @

The buffer space is the open, unoccupied space
between the transition and work areas

Provides margin of safety for both the motorists and
the operators in the street

If a driver does not see the advanced warning signs or
fails to negotiate the transition, a buffer space provides
room to stop before entering the work area

Must be kept free of equipment, operators, materials,
and vehicles

The portion of the roadway which contains the work activity and
is closed to traffic and set aside for exclusive use by operators,
equipment, and construction materials

Delineated by channelizing devices or shielded by barriers to
exclude traffic and pedestrians

Include a lateral buffer space between work activity and traffic if

L

possible

Work Area

Termination Area

All work must be done within the safety of the work
area — no operator should work outside of the work
area, including the buffer space
Avoid gaps in the traffic control that may falsely lead
drivers to think they have passed through the work
area
Post Road Construction Next _X Miles to inform
drivers of the length of work area

Do Not set up sign until work begins

Provides short distance for traffic to clear work area
and return to normal traffic lanes

Downstream tapers are optional and may not be
advisable when material trucks move into the work
area by backing up from the downstream end of the
work area

End of Road Work sign can be used to clearly
communicate to the motorists

T T Y T
o !

Traffic Signs

Always use official signs

Most permanent warning signs are diamond-shaped
with black legends on yellow background

Temporary signs have an orange background
Best to use picture direction instead of wording

116

Traffic Signs

Signs should be 36 inches by 36 inches for
low-speed applications and 48 inches by 48
inches for high-speed applications

Minimum mounting height on fixed supports
should be seven feet from the ground to the

bottom of the sign in urban districts and five

feet in rural

Signs mounted on barricades or temporary
supports may be installed lower but the
bottom of the sign should not be less than
one foot above the pavement elevation

Safety & Trenching
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Traffic Signs

All traffic control devices No traffic control
should be constructed to yield ~ devices should be
upon impact to minimize :‘P’]e'tghctgd so heavily
damage to a vehicle that strikes at it becomes .

A hazardous to motorists
them and to minimize hazards

; torists and K and operators
0 motorists and workers
Approved ballast for

devices is sandbags, but
should never be
suspended from the
device

Channelizing Devices

Used to warn drivers and alert them to conditions created
by work activities in roadway, to protect workers in the
traffic control, and to guide drivers and pedestrians

Include barricades, traffic cones and tubes, drums, and

vertical panels

Devices are not
interchangeable because they
have different effects on
traffic

,.

Devices must be in acceptable = _ —

condition i

Channelizing Devices

Channelizing Devices

Barricades are commonly used to outline excavation or
construction areas, close or restrict the right-of-way, mark
hazards, or mount signs

Have alternating orange and white stripes marked with
reflectors that slope down toward traffic

Classified as Type |, Il, or lll by the number of marked
panels

Type | and Il are used in areas that traffic continues to
move through, Type Ill are used to partially or completely
close a roadway 2

& 2]

trd 2
/LZ\ P
I '3 =

NN

Traffic cones and tubes are an effective method of
channelizing traffic and best when used during daylight
hours

Can be easily moved by passing vehicles so must be
monitored

Cones are 18-36 inches high and orange in color
Drums have higher visibility
and can have the addition of
lights

Drums are 2 orange and 2
white stripes

Nighttime Traffic Control

Flaggers — MUTCD Sec. 6E.01

Additional modification to traffic control should be
made for use at night

Increased visibility of devices can be accomplished by
use of lights on devices, use of larger devices such as
drums, floodlighting for all flagging stations and work
areas

All traffic control devices used at night should have
adequate retroreflective areas for high visibility

All workers must have high visibility clothing approved
for use at night — ANSI 107-2004 Class 3

Because flaggers are responsible for public
safety and make the greatest number of
contacts with the public of all highway workers,
they should be trained in safe traffic control
practices and public contact techniques

Safety & Trenching 117




Section 9

Flaggers — MUTCD Sec. 6E.01

Flaggers should be able to satisfactorily demonstrate the following
abilities:
Ability to receive and communicate specific instructions clearly,
firmly, and courteously
Ability to move and maneuver quickly in order to avoid danger from
errant vehicles

Ability to control signaling devices (such as paddles and flags) in
order to provide clear and positive guidance to drivers approaching
a TTC zone in frequently changing situations

Ability to understand and apply safe traffic control practices,
sometimes in stressful or emergency situations

Ability to recognize dangerous traffic situations and warn workers in
sufficient time to avoid injury

Flaggers

The STOP/SLOW paddle should be the primary and
preferred hand-signaling device, use of flags should be
limited to emergency situations

Paddle shall have an octagonal shape on a rigid handle, be
at least 18 inches wide with letters at least 6 inches high

Flagging station should be at least 100 feet in front of the
workspace with a sign indicating that a flagger is ahead
positioned as far in front of the flagger as practical — 500
feet minimum

Flaggers
Flaggers must USe  riucrrea sternoa - paae Emergency Use Only - Flag
proper hand sy
signals to stop, =
slow, and allow moermems oL ?zﬁ
traffic through the
traffic closure
Flagger should I —
identify an escape
route to avoid be
struck by an
errant vehicle F’ﬁ

To Alert or Slow Traffic

TDEC - Fleming Training Center

Flaggers

Flaggers shall wear high visibility safety apparel that
meets the Class 2 or 3 requirements of the ANSI/ISEA
107-2004

Apparel background color shall be fluorescent orange-
red, fluorescent yellow-green, or a combination of the
two

The retroreflective material shall be orange, yellow,
white, silver, yellow-green and shall be visible at a

minimum distance of 1000 feet

Flaggers

Flaggers should:
Stand either on the shoulder adjacent to the road or in the closed
lane adjacent to the through lane
Never stand in a through lane unless traffic has already been stopped
Be clearly visible to oncoming traffic at all times
Be positioned far enough in advance to warn workers of approaching
danger
Have a line of sight to other flagger or a way to communicate with
the other flagger
Stand alone, away from others with no distractions (including cell
phones!)

=
N

Flaggers

REMEMBER

Flaggers are responsible for employee and public
safety, they must have a sense of responsibility
and they must receive appropriate training in
traffic control practices
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Confined Space

Confined Space Conditions

Large enough and so configured that an
employee can bodily enter and perform
assigned work

Limited or restricted means of entry or exit

Not designed for continuous employee
occupancy

Equipment Needed for Confined
Spaces
Safety harness with lifeline, tripod and winch

Electrochemical sensors
Ventilation blower with hose

Section 9

Manhole Hazards

Atmospheric
Physical injury
Infection and disease
Insects and biting animals
Toxic exposure
Drowning

Confined Space Examples

Water storage tanks
Chemical hoppers
Meter Vaults
Sewers
Manholes -

PPE

Ladder

Rope

Breathing Apparatus
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Permit Required Confined Space

Contains or has potential to contain hazardous
atmosphere

Contains material with potential to engulf an entrant
Entrant could be trapped or asphyxiated

Positions required for entrance into a permit required
confined space
Supervisor
Attendant — at least one person must be outside a permit
required space
Entrant

Atmospheric Hazards

Need to have atmosphere monitored!!!

Explosive or flammable gas or vapor
These can develop in the collection system or sewer
plant duel to legal, illegal or accidental sources

Toxic or suffocating gases
Comes from natural breakdown of organic matter in
wastewater or toxic discharges

Atmospheric Hazards

CONDITION 1 | CONDITION 2 CONDITION 3
< TOO LEAN — EXPLOSIVE ATMOSPHERE TOO RICH
% OF LOWER LOWER UPPER
EXPLOSIVE LIMIT EXPLOSIVE EXPLOSIVE
LM LimiT
(LEL) (UEL)

0%

50% 100%

ATMOSPHERIC TESTING-EGUIRMENT -  THREE ATMOSPHERIC CONDITIONS CAN EXIST
ALARM SEX@ (0 LEL 1. TOO LEANTO SUPPORT COMBUSTION
2. MIXTURE JUST RIGHT, EXPLOSION OCCURS

3. MIXTURE TOO RICH TO SUPPORT COMBUSTION

* Operation and Maintenance of Wastewater Collection Systems Vol. 1, Seventh Edition — Fig. 3.21, Pg 112

Hydrogen Sulfide — H,S

Detected by the smell of rotten eggs

Loss of ability to detect short exposures
Olfactory fatigue

Not noticeable at high concentrations
Poisonous, colorless, flammable, explosive and corrosive

Exposures to 0.07% to 0.1% will cause acute poisoning and
paralyze the respiratory center of the body

At the above levels, death and/or rapid loss of consciousness
occur

S.G.=1.19
Alarm set point = 10 ppm (0.001%)

Hydrogen Sulfide — H,S

46 460,000 Upper Explosive Limit (UEL)
4.3 43,000 Lower Explosive (LEL)
0.1 1,000 DEAD
0.07 700 Rapid loss of consciousness
0.01 100 IDLH
0.005 50 Eye tissue damage
0.002 20 Eye, nose irritant
0.001 10 Alarm set point

*IDLH - Immediately Dangerous to Life or Health

Methane Gas —CH,

Product of anaerobic waste decomposition

Leaks in natural gas pipelines
Odorless unless natural gas supplied through pipeline, has
mercaptans added, but soil can strip the odor

Explosive at a concentration of 5% or 50,000 ppm

Spaces may contain concentrations above the Lower Explosive
Limits (LEL) and still have oxygen above the 19.5% allowable

Colorless, odorless, tasteless

Acts as an asphyxiant — displaces oxygen
Coal miners used canaries as early alarms; if bird died, it was
time to get out

S.G.=0.55
Alarm set point is 10% LEL = 5000 ppm
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Methane Gas — CH, Carbon Monoxide - CO

Decreases amount oxygen present
Hazardous because it readily binds with hemoglobin in blood, starving the
85 850,000 Amount in natural gas person’s body of oxygen

ALWAYS VENTILATE

65 650,000 Amount in digester gas
0.15% (1500 ppm) EEEEESSSEE) DEAD

15 150,000 Upper Explosive Limit (UEL) i i X
Will cause headaches at 0.02% in two hour period
5 50,000 Lower Explosive Limit (LEL . . . .
ower Explosive Limit (LEL) Maximum amount that can be tolerated is 0.04% in 60 minute
0.5 5,000 Alarm set point (10% of LEL) period

Colorless, odorless, tasteless, flammable and poisonous

By-product of fuel gas
Can be hazard in home if using gas heat or gas appliances

S.G.=0.97
Alarm set point at 35 ppm

Carbon Monoxide - CO

ALWAYS ventilate — normal air contains ~ 21%
74 740,000 Upper Explosive Limit (UEL) Oxygen deficient atmosphere if less than 19.5%

125 125,000 Lower Explosive (LEL) Oxygen enriched at greater than 23.5%

Speeds combustion

Could be from pure oxygen being used to oxidize hydrogen
0.15 1,500 IDLH* sulfide

Leave area if oxygen concentrations approach 22%

Early warning signs that an operator is not getting
enough oxygen:

0.0035 35 8-hour exposure limit Shortness of breath

Chest heaving

Change from usual responses

0.2 2,000 Unconscious in 30 minutes

0.05 500 Sever headache

0.02 200 Headache after 2-3 hours

0.0035 35 Alarm set point

*IDLH — Immediately Dangerous to Life or Health

Oxygen — O,

When 0O, levels drop below 16%, a person
experiences

23.5 235,000 Accelerates combustion K .
Rapid fatigue
20.9 209,000 Oxygen content of normal air . .
ve Inability to think clearly
19.5 195,000 Minimum permissible level Poor coordination
8 8,000 DEAD in 6 minutes Difficulty breathing
6 6,000 Coma in 40 seconds, then DEAD Ringing in the ears

Also, a false sense of well-being may develop
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Atmospheric Alarm Units

~In a confined space, the amount of oxygen in the
atmosphere may be reduced by several factors
»Oxygen consumption
»During combustion of flammable substances
»Welding, heating, cutting or even rust formation
»Oxygen displacement
»Carbon dioxide can displace oxygen
» Bacterial action

»Continuously sample the atmosphere

»Test atmospheres from manhole
areas prior to removing the cover if
pick holes available

»~Remove manhole covers with
non sparking tools

»Test for oxygen first

»Combustible gases second (methane
at 5000 ppm)

» Atmospheric alarms with a catalytic
element are used to test for explosive
conditions.

Atmospheric Alarm Units

Atmospheric Alarm Units

»~Alarms set to read:
»Flammable gasses exceeding 10% of the LEL
»H,S exceeds 10 ppm and/or
» 0, percentage drops below 19.5%
»CO alarm set point is 35 ppm

»Calibrate unit before using

»Most desirable units: simultaneously sample, analyze
and alarm all three atmospheric conditions

»Some physical and environmental conditions that could
affect the accuracy of gas detection instruments
include:

» Caustic gases
»~Temperature
» Dirty air
»Humidity

» Air velocity
»Vibration

Safety Procedures if Explosive

August 13th 2014

Atmosphere Discovered

»Immediately notify supervisor

Do not remove manhole cover

»Turn off running engines in area

»~Route vehicles around area

»Inspect up and downstream of manhole
» Route traffic off the street

»Notify waste and or pretreatment facility
» Cautiously ventilate

»NO SMOKING IN AREA
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Ventilation

Infectious Disease Hazards

Blowers need to be placed
upwind of manhole and at
least 10 feet from opening

Gas driven engine — exhaust
must be downwind of
manhole

Air intake should be 2-5 feet
above ground service

Many diseases may be transmitted by wastewater:
hepatitis A, cholera, bacterial dysentery, polio, typhoid,
amoebic dysentery

Ingestion (splashes); inhalation (aerosols); contact
(cuts or burns)

Wash hands frequently
Avoid touching face

Never eat, drink or smoke
without first washing hands

Best method of protection is personal cleanliness!

Employer shall document entry permits
Entry supervisor sign permits

Permit posted

Shall not exceed time required

Retain permits for at least 1 year

Information on Permit Forms

Space to be entered Hazards of permit

Purpose space

Measures to eliminate,
isolate, or control the
hazards

Date and authorized
duration

Attendant ID by name

Authorized entrants ID by
name

Results of tests

Rescue and emergency

. services
Entry supervisor name and

signature Communications

Information on Equipment

PPE (personal protective equipment)
Testing equipment

Duties Of Entrants

Know signs, symptoms, and consequence of exposure
Properly use equipment

Alert attendant of warning signs, symptoms and other
possible hazards

Exit when ordered to evacuate by supervisor or
attendant

Safety & Trenching
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Duties of Confined Space Attendant

Duties of Confined Space Attendant

Know signs, symptoms, and consequences of exposure
Possible behavioral effects of hazards

Maintain accurate count of entrants

Remain outside permit space

Communicate with entrants

Summon rescue and emergency units

Warn unauthorized persons to stay away
Perform non-entry rescue

Do not perform any duties that may interfere with
primary duty: monitoring and protecting entrants

Duties of Supervisors and Managers

Required Training

Knowledge of signs, symptoms, and consequences of
exposure

Verify appropriate entries, procedure, tests and
equipment

Terminate entries and cancel permits if warranted
Verify means for summoning rescue

Ensure that acceptable conditions are maintained and
operations remain consistent with entry permit

Employer shall train all employees on hazards,
procedures, and skills to perform their jobs safely

Employees trained before first assigned duty
Employer shall certify training of employees
Maintain individual training records of employees

Record Keeping

General Requirements

Identification and Evaluation of all Hazardous areas in
workplace

Entrance permits filed
Training Certification
Written Confined Space Program

Identify, evaluate, and monitor hazards in permit-
required confined spaces

Post signs “Permit Required”

Prevent unauthorized entries

Re-evaluate areas

Inform contractors

Have a written program available for employees
Have proper PPE on hand

Annual Training (TOSHA requirements)
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Confined Space Requirements

All electrodes removed and machines disconnected
from power sources

Gas supply shut off
Gas cylinders outside work area

All employees entering must undergo confined space
training

Ventilation used to keep toxic fumes, gases, and dusts
below max levels

Lockout / Tagout

] CAUTION |7}

THIS MACHINE MUST BE
LOCKED OUT BEFORE
DOING MAINTENANCE.

ALL SOURCES OF ENERGY MUST
BE LOCKED 1N THE *‘OFF" 0R

" BAFE" POSITION. DE-NERGIZE OF
BLOCK ALL STORED ENERGY.

LOTO General Requirements

Requirements When Lockout of

Written program

Utilize tagout system if energy isolating device not
capable of being locked out

Lockout/tagout hardware provided
Devices used only for intended purposes

Tagout shall warn DO NOT START, DO NOT ENERGIZE,
DO NOT OPERATE

Only trained employees shall perform lockout/tagout

Equipment

Before beginning work on any pump, the first thing to
be done is to lock it out.
The person doing the work should have the ONLY key

Notify employees
Employees notified after completion of work and

equipment re-energized
il cCAUTIONES)

THIS MACHINE MUST BE
LOCKED OUT BEFORE
DOING MAINTENANCE.

AL SOURGES OF ENERGY MuST.
e L NTHE OFF" OR

SAFE POSITION. DEENERGIZE OF
BLOGK ALL STGRED ENERGY.

Recommend Steps for

Steps for Restoring Equipment

Lockout/Tagout

Notify employees that device locked and tagged out
Turn off machine normally

De-activate energy

Use appropriate lockout/tagout equipment

Release any stored energy

Try to start machine by normal means

Check area for equipment or tools

Notify all employees in the area

Verify controls are in neutral

Remove lockout/tagout devices and re-energize device

Notify employees maintenance and/or repairs are
complete and equipment is operationally

Safety & Trenching
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Training Requirements

Employer shall train all employees

All new employees trained

Recognition of applicable hazardous energy
Purpose of program

Procedures

Consequences

ANNUAL REQUIREMENT

Conduct periodic inspection at least annually
Shall include review between the inspector and each
authorized employee

Recommendation: Frequent walk through of work
areas and observation of Maintenance and Operation
area

Required Record Keeping

Written Lockout/Tagout Program
Training: Annual and New Employees

Inspections: Annual including new equipment,
inspection of devices, and procedures

Most Frequently Citied Workplace

Safety Violations 2015

Fall protection (1926.501)

Hazard communication (1910.1200)
Scaffolding (1926.451)

Respiratory protection (1910.134)
Lockout/tagout (1910.14)

Powered industrial trucks (1910.178)
Ladders (1926.1053)

Electrical — wiring methods (1910.305)
Machine guarding (1910.212)

CAUSES OF
FATAL INJURIES
R

2014
' 795 i
TOTAL: /

4679 A

- CAUTION
.. : A
2

VOLTAGE

~ HOMICIDES - 421
OTHER VIOLENCE H H]
(PEOPLE OR ANIMALS) - 328 H A vﬁ‘[‘ﬁ{‘g[ ELECTRICAL
ZC \ SHOCK
TRANSPORTATION INCIDEN : DANGER ,{EI‘.EBTRIG HAZARD A[
of oearu Ji{%_FENCE 7 [l DO NoT Touck!

78 pdant
{J} ptanticTrsning

Electrical Safety
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Fire Protection

Any electrical installations shall be done by a
professionally trained electrician.

Any employee who is in a work area where there is a
danger of electric shock shall be trained.

Employees working on electrical machinery shall be
trained in lockout/tagout procedures

Fire Protection Equipment

Types of Fire Extinguishers

Fire extinguishers shall be located where they are

readily accessible

Shall be fully charged and operable at all times
Charged after each use

All fire fighting equipment is to be inspected at least

annually

Portable fire extinguishers inspected at least monthly,

and records kept

Hydrostatic testing on each extinguisher every five

years

Fire detection systems tested monthly if battery
operated

il
Class A 'l‘\
Used on combustible materials such as wood, paper or trash
Can be water based

Class B

Used in areas where there is a presence of a flammable or
combustible liquid

Shall not be water based

Example is dry chemical extinguisher

An existing system can be used but not refilled

Types of Fire Extinguishers

§
Class C Jg‘
Use for areas electrical
Best is carbon dioxide extinguisher
Using water to extinguish a class C fire risks electrical shock

Class D
Used in areas with combustible metal hazards

Dry powder type
Use no other type for this fire

Types of Fire Extinguishers

Class Material Method
A Wood, paper Water
B Flammable liquids (oil, Carbon dioxide, foam,
grease, paint) dry chemical or Halon
C Live electricity Carbon dioxide, dry
chemical, Halon
D Metals Dry Powder

Safety & Trenching 127



Section 9

TDEC - Fleming Training Center

Types of Fire Extinguishers

Fire Extinguishers

Combination ABC are most
common

Have the types of
extinguishers available
depending upon analyses
performed in each area

Common materials such as paper, wood
or most other combustibles

Flammable liquids such as gasoline,
paint remover or grease

Electrical fires

D Combustible metals usually
found in industry

To operate a fire extinguisher, remember the word
PASS

Pull the pin. Hold the extinguisher with the nozzle pointing
away from you

Aim low. Point the extinguisher at the base of the fire
Squeeze the lever slowly and evenly

Sweep the nozzle from side-to-side

Extinguisher =

Fire Extinguishers

& 3

) Pull pin.
] ® 1 =Hold unit upright. 6’%

Aim at base of fire.
= Stand back 6ft (2m).

Combo | W %

. Press trigger.
ADE
T 3-Sweep side to side. %

Chemical Safety

© HAZARDOUS MATERIALS ©

CLASSIFICATION
s

HEALTH HAZARD

Safety Data Sheet

HACARD INSTABILITY

4-May detonate
i el N Faivdusio
o oy detanate
2Violent chemial
Corosive  COl hange
UseNOWATER W 1-Unstable if

Radiation Hazard 4"

OSHA’s Hazard Communication

Standard (HCS)

OSHA's Hazard Communication Standard (HCS) is
designed to protect against chemical-source injuries
and illnesses by ensuring that employers and workers
are provided with sufficient information to anticipate,
recognize, evaluate, and control chemical hazards and
take appropriate protective measures

“Right-to-Know” standard

This information is provided through safety data sheets
(SDSs), labels, and employee training

RTK Labels

“Right to Know”
In 1983, OSHA
instituted Hazard
Communication
Standard 1910-1200, a
rule that gives
employees the right to
know the hazards of
chemicals to which they
may be exposed in the
workplace

HEALTH B

FLAMMABILITY [}

REACTIVITY

PERSONAL PROTECTION |:|
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National Fire Protection Association

P . ) " QUICK
urpose . @ CARD"
Informs workers about the hazards of chemicals
N . Comparison of NFPA 704 and HazCom 2012 Labels
in workplace under normal conditions of use -
and foreseeable emergencies

Number System:
1-4
1 —most severe hazard ; 4 — lease severe hazard

Information provided on label:

Product Identifier Precautionary Statement
Signal Word Pictogram
Hazard Statement Contact information

NFPA vs HCS Degree of Hazard

(NFPA) 704 Label

Purpose:
Addresses the health, flammability, instability, and special
hazards presented from short-term, acute exposures that could
occur as a result of a emergency
Number rating system:
0-4; 0 — least hazardous; 4 — most hazardous Red

Information provided on label: Flammability

Health

Flammability

Reactivity

Special Hazards
OX — oxidizer
W — use NO WATER
SA — simple asphyxiant

Blue Yellow
Health Reactivity

Safety Data Sheet (SDS)

NFPA rating system
4 — extreme
0 — minimal

GHS rating system
1 - highest hazard
4 - lowest hazard

Safety Data Sheet Required Format

Must be provided by chemical manufacturer,
distributor, or importer

Formerly known as MSDS
Now has consistent user-friendly format

Sections 1-8 contain general information about the
chemical

Sections 9-11 & 16 contain other technical & scientific
information

Sections 12-15 are not enforced by OSHA, but must be
present to be in compliance with GHS

OSHA Pictograms

1. Product identification 9. Physical/chemical properties

2. Hazard Identification 10. Stability & reactivity

3. Information on ingredients 11.  Toxicological information

4, First-aid measures 12.  Ecological information*

5. Fire-fighting measures 13.  Disposal considerations*

6. Accidental release measures 14.  Transport information*

7. Handling and storage 15.  Regulatory information*

8. Exposure controls 16.  Other information (including date
of SDS or last revision)
* Not required by OSHA

OOV

Flammables Oxidizers Explosives Acute toxicity Corrosives
Gases under Carci i Irritant
pressure toxicity
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Lower Explosive Level (LEL) — minimum concentration
of flammable gas or vapor in air that supports
combustion

Gloves

Coveralls / Overalls
Face Shield / Goggles
Respirator / SCBA
Boots

Ear Plugs / Muffs

Personal Protective Equipment
Upper Explosive Limit (UEL) — maximum concentration

of flammable gas or vapor in air that will support
combustion
Teratogen — causes structural abnormality following
fetal exposure during pregnancy

Mutagen — capable of altering a cell’s genetic makeup

Fleming
Jraining
Center

Department of
Environment &
—_CoOnservation

“F Tn vn“ Trenching Safety

fo prevent nccidents

1 et s asn, € wssie e 1.4

Trenching Safety Excavation Hazards

Reduction of injury and illness rates. Cave-ins are the greatest risk
Daily exposure to job hazards by thousands of workers.
Efficiency can be greatly improved. Other hazards include:

Asphyxiation due to lack of oxygen
Inhalation of toxic materials
Fire

Training be conducted Moving machinery near the edge of
Job hazards be assessed the excavation can cause a collapse
Hazards and precautions Accidental severing of underground
be explained OPEN utility lines

OSHA safety standards require:
Establishment of a “Safety” program
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Hundreds of workers
killed annually from
cave-ins

Thousand of workers
injured annually from
cave-ins

Fatality rate for
trenching is twice the
level for general
construction

Injury and Death

Excavating is one of the most
hazardous construction i
operations

Most accidents occur in
trenches 5-15 feet deep

There is usually no warning
before a cave-in

Asphyxiation

Cave-ins Result From

Each time a breath is
exhaled the weight of
the load restricts
inhalation of the next
breath

Slow suffocation usually
follows unless rescue is
immediate

Vibrations
Adjacent structures
Freezing and thawing

Weight of the soil
itself

Addition or removal
of water

Reduction in frictional
and cohesive
capacities of soil

Density and Water Content

One cubic yard weighs - 3000 Ibs or more

One cubic foot weighs - 100 lbs or more

3 Feet
100 Ibs or more

3000 Ibs or more

How do most deaths occur?

Instantaneously
Trenches 5 to 15 feet deep

With absolutely no warning
In seemingly safe conditions
With workers in a bent or lying position
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Before you dig

The site must be assessed

Potential hazards must be determined
Known hazards reduced or eliminated
Emergency procedures established
Periodic inspection intervals determined
Utility locations must be staked or marked

Regardless of the equipment used, a sewer trench
must be kept as narrow as possible

Call Tennessee One-Call at 811 to locate underground
Utility locations must be staked or marked

State law requires three business days notice for
locating lines

APWA UNniform Color code of marked underground utility lines
:’ White - Proposed excavation
- Pink - Temporary survey markings
- Red - Electric power lines. cables. conduit, and lighting cables
l:l Yellow - Gas, oil, steam, petroleum, or gaseous materials
- QOrange - Communication, alarm, or signal lines, cables or conduit
- Blue - Potable water
- Purple - Reclaimed water, irrigation, and slurry lines
- Green - Sewer and drain lines

Basic Safety Requirements

Basic Safety Requirements

Conduct inspections before each work shift
Do not travel under elevated loads

Do not work over unprotected employees
Wear proper personal protective equipment
Provide walkways or bridges over trenches

Provide trench exits within 25 feet of workers in
trenches more than four feet deep
For every 25 feet of trench there needs to be 1 ladder

Ensure spoilage is at least 2 ft. from trench edges

Provide protection for trenches 5 feet or deeper
Shores needed

A registered professional engineer (RPE) must design
protective systems for excavations deeper than 20
feet

Emergency Procedures

Structural Ramps: Access & Egress

Immediately call 911, or the Emergency Response
Team

Report:
Exact Location
Number of Victims
Nature of Emergency
Trench Measurements
Special Hazards
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»~Trenches more than 5 feet deep
»~Require shoring
»Or must have a stabilized slope

»In hazardous soil conditions
~Trenches under 5 feet need protection

Hazardous Atmospheres

» Testing and controls
~Oxygen deficiency
»Flammable atmospheres
~Toxicity

»~Emergency rescue equipment
~ Availability
» Lifelines

»~Adequate precautions must be taken when working
in accumulated water

»Controlling water and water removal must be
monitored by a competent person

» Ditches, dikes or comparable means should be used
to prevent surface water from entering excavations

Weather Factors - Mother Nature

»Don’t underestimate the effects weather can have
»Daily (or hourly) site inspections must be made

»Consider protection from:
~ Lightening
~Flooding
»Erosion
»High winds
~Hot or cold temperatures

Site Inspections

Fall Protection

»Daily inspections must be made
by a competent person
» Excavations
»Adjacent areas
~ Protective systems

»When evidence is found of a
hazardous condition, the
exposed employees must be
immediately removed from the
area

Safety & Trenching

»~Guardrails must be provided for crossing over
excavations if the trench is 6 feet or more in depth

»Barriers must be provided for remotely located
excavations
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Soil Classification System

Soil Classification System

Type A Soils
Clay
Silty Clay
Sandy Clay
Clay Loam

Type B Soils
Granular Cohesionless Soils (Silt Loam)
Type C Soils
Gravel
Sand
Loamy Sand

Must be done by a competent person

Visual test:
Check entire worksite
Fissured ground
Layered soil

Disturbed earth
Seepage
Vibration

Poor drainage

Soil Classification System

Requirements for Protective Systems

Manual test
Plasticity
Dry strength
Thumb penetration
Pocket penetrameter
Hand operated shear vane
Warning: q é 4 “ ,
One soil inspection and classification may not be enough

Outside disturbances during excavation may change even
the best soil classification

Inspect the soil after any change in conditions

Each employee must be protected from cave-ins by
an adequately designed system

Exceptions are:
Excavation made in stable rock
Excavations less than 5 feet

Protective systems must have the capacity to resist all
loads that are expected to be applied to the system

Materials and Equipment

Installation and Removal of Support

Must be free from damage or defects that might
impair proper function

Must be used and maintained in a manner that is
consistent with the recommendations of the
manufacturer

Must be examined by a competent person if damage
occurs

General requirements:
Support systems must be securely connected
Support systems must be installed and removed in a
manner that protects from collapse
Support systems must not be subjected to loads exceeding
design specifications
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Protect Employees Exposed to

Potential Cave-ins

»General requirements:

»~Additional precautions must be taken to ensure safety
before temporary removal begins

»~Removal must begin at the bottom of the excavation

» Backfilling must progress together with the removal of
support systems from excavations

Sloping and Benching Systems

»Employees must not be permitted to work:
»0n the faces of sloped or benched excavations

~ At levels above other employees except when employees
at the lower levels are adequately protected from the
hazard of falling, rolling or sliding material or equipment

»~Don’t place spoils within
2 feet from edge of
excavation

»Measure from nearest
part of the spoil to the
excavation edge

> Place spoils so rainwater
runs away from the
excavation

»Place spoil well away
from the excavation

»Slope or bench the sides
of the excavation,

»~Support the sides of the
excavation, or

»Place a shield between
the side of the
excavation and the work
area

Sloping and Benching Systems

»~Temporary spoil piles:

/ 2 FEET MINIMUM
C—p

Sloping and Benching Systems

>~ Benching general
requirements

» Various slope angles are
allowed by OSHA

» Appendix B to 1926
Subpart P must be
consulted

~ Evacuate the excavation
if walls show signs of
distress

» If soil conditions change,
re-inspect
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Sloping and Benching Systems

The angle of repose is the angle of slope of the

unsupported loose soil
53 Degrees
Maximum

STABLE ROCK TYPEA

34 Degrees

45 Degrees
Maximum

Maximum

PEC

TYPE B

Sloping Example Type A Soils

TYPE A SOILS

3/4

20
FEET
MAX

Sloping Example Type B Soils

Sloping Example Type C Soils

TYPE B SOILS TYPE C SOILS
20 20
MAX MAX
‘ 1 ‘1
1 1 1/2

Shoring Systems

JACKS/CROSSBRACES

General
Provides a framework to work in
Uses wales, cross braces and uprights
Supports excavation walls

OSHA tables provide shoring data
Must know soil type
Must know depth and width of excavation
Must be familiar with the OSHA Tables
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Shoring Systems

Hydraulic Trench Support

Removal
Remove shoring from
the bottom up JACKS/CROSSBRACES
Pull sheeting out
from above SHEETING

Backfill immediately |, .o
after removal of
support system

Using hydraulic jacks the
operator can easily drop
the system into the hole

Once in place, hydraulic
pressure is increased to
keep the forms in place

Trench pins are installed
in case of hydraulic
failure

Shoring Systems
PNEUMATIC/

HYDRAULIC

JACKS [D " Z' @

Often used due to ease
of installation and removal

SCREW

e —— D
Inexpensive; time consuming m
to install (top to bottom)

Shield Systems

General

Shield systems must project at least 18 inches above the
lowest point where the excavation face begins to slope

At Least 18 Inches I

Shield Systems

Shield Systems

General
Shield systems must not be subjected to loads exceeding
those which the system was designed to withstand
Shields must be installed to restrict hazardous movement
Employees must be protected from the hazard of cave-ins
when entering or exiting the areas protected by shields

Employees must not be allowed in shields when shields
are being installed, removed, or moved vertically

Systems may be
connected

Systems may be stacked =

Configuration must be
consistent with the
recommendations of the
manufacturer

Must be examined by a
competent person if
damage occurs
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Trench Shield

A trench shield was built
around this work area

Hazardous Conditions

TDEC - Fleming Training Center

Cave-in Hazard

Inadequate
protective
. system

| (e—

. excavation
: has
inadequate
support
posts and

egress access
——)

Materials and Equipment

The weight
and
vibrations of
the crane
make this a
very
hazardous
condition

They should
not be
working
under this
crane

Protection from Vehicles

Install barricades

Hand/mechanical
signals

Stop logs
Grade soil away from - =
excavation %3,,

Fence or barricade s
trenches left overnight -

Equipment used for
protective systems must
not have damage or
defects that impair
function

If equipment is damaged,
the competent person
must examine it to see if it
is suitable for continued
use

If not suitable, remove it
from service until a
professional engineer
approves it for use

Trenching Summary

Provide stairways, ladders, ramps or other safe
means of access in all trenches 4 feet or deeper
These devices must be located within 25 feet of all workers
Ladders used in trenches shall protrude at least 3 feet
above the trench edge
Minimum diameter of rungs on a fixed steel ladder is %-
inch
Minimum clear length of rungs on a fixed steel ladder is 16
inches
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Trenching Summary

Trenches 5 feet deep or greater require a protective
system, which can be shielding, shoring or sloping
A registered engineer must approve all shielding and
shoring
Trenches 20 feet deep or greater require that the
protective system be designed by a registered
professional engineer

Keep excavated soil (spoils) and other materials at
least 2 feet from trench edges

The support or shield system must extend at least 18
inches above the top of the vertical side
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TOSHA Standards Requiring Annual Training

Class Regulation Who should attend?
All employees (inform-
Medical & Exposure existence, person responsible,
Records 1910.20(g)(1) location, right of access

Emergency Action

1910.38(a)(5)
1910.38(b)(4)

All employees — based upon
other standards and
requirements

Noise

1910.95(k)

All employees exposed to an
8 hour TWA or greater of
85dBA

Emergency Response

1910.120(q)

Employees who respond to
spills of hazardous chemicals

Personal Protective
Equipment

1910.132(f)

Employees who wear PPE

Permit-Required Confined

Employees who enter, attend
or supervise P.R. confined

Space 1910.146(g) spaces
Employees who work on
Lock-Out/Tag-Out 1910.147(c)(7) machinery

At least one employee on
each shift, annual as required

First Aid 1910.151(b) by other standards
All fire brigade members
Fire Brigade 1910.156(c) (quarterly and annually)

Portable Fire Extinguishers

1910.157(g)

All employees expected to
use fire extinguishers

Fork Lift Trucks

1910.178(1)

Fork lift truck operators

Mechanical Power Presses

1910.217(F)(2)

Operators

Asbestos

1910.1001()(1)

All employees exposures at or
above PEL or excursion limit

Lead

1910.1025(1)

Anyone with a potential for
exposure at any level — copy
of appendix A&B. If exposed
at or above action level, must

be trained

Bloodborne Pathogens

1910.1030(g)(2)

Employees who render first
aid

Hazard Communication

1910.1200(h)
TDL 800-1-9-.07

Employees exposed or
potentially exposed to any
type of chemicals

Hazardous Chemicals in
Laboratories

1910.1450(f)(2)

Employees exposed to
chemicals
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A.

B.

Sewer Safety Vocabulary
1. Aerobic 10. Fit Test
2. Ambient 11. IDLH
3. Anaerobic 12. Mercaptans
4. Competent Person 13. Olfactory Fatigue
5. Confined Space 14. Oxygen Deficiency
6. Confined Space, Non-Permit 15. Oxygen Enrichment
7. Confined Space, Permit- 16. Septic
Required 17. Sewer Gas
8. Decibel 18. Spoil

9. Engulfment

A condition where atmospheric or dissolved molecular oxygen is not present in the
aquatic (water) environment.

A unit for expressing the relative intensity of sounds on a scale from zero for the
average least perceptible sound to about 130 for the average level where sound
causes pain to humans. Abbreviated dB.

A space which is large enough and so configured that an employee can bodily enter
and perform assigned work; has limited or restricted means for entry or exit and it
not designed for continuous employee occupancy.

Compounds containing sulfur that have an extremely offensive skunk-like odor; also
sometimes described as smelling like garlic or onions.

The use of a procedure to qualitatively or quantitatively evaluate the fit of a
respirator on an individual.

An atmosphere containing oxygen at a concentration of less than 19.5% by volume.
A condition where atmospheric or dissolved molecular oxygen is present in the
aquatic (water) environment.

A condition produced by anaerobic bacteria. If severe, the wastewater produces
hydrogen sulfide, turns black, gives off foul odors, contains little or no dissolved
oxygen and the wastewater has a high oxygen demand.

Immediately Dangerous to Life or Health. The atmospheric concentration of any
toxic, corrosive or asphyxiant substance that poses an immediate threat to life or
would cause irreversible or delayed adverse health effects or would interfere with
an individual’s ability to escape from a dangerous atmosphere.

Gas in collection lines (sewers) that result from the decomposition of organic matter
in the wastewater. When testing for gases found in sewers, test for lack of oxygen
and also for explosive and toxic gases.

A person capable of identifying existing and predictable hazards in the
surroundings, or working conditions that are unsanitary, hazardous or dangerous to
employees, and who has authorization to take prompt corrective measures to
eliminate the hazards.

Excavated material such as soil from the trench of a sewer.
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M. The surrounding and effective capture of a person by a liquid or finely divided
(flowable) solid substance that can be aspirated to cause death by filling or
plugging the respiratory system or that can exert enough force on the body to
cause death by strangulation, constriction or crushing.

N. A condition where a person’s nose, after exposure to certain odors, is no longer
able to detect the odor.

O. A confined space that does not contain or, with respect to atmospheric hazards,
have the potential to contain any hazard capable of causing death or serious
physical harm.

P. An atmosphere containing oxygen at a concentration of more than 23.5% by

volume.

Surrounding. Ambient or surrounding atmosphere.

A confined space that has one or more of the following characteristics: contains or

has the potential to contain a hazardous atmosphere; contains a material that has

the potential for engulfing an entrant; has an internal configuration such that an
entrant could be trapped or asphyxiated by inwardly converging walls or by a floor
that slopes downward and tapers to a smaller cross section; or contains any other
recognized serious safety of health hazard.

7~

Safety Questions

1. How can traffic be warned of your presence in the street?

2. What is the purpose of the advance warning area?

3. List six types of traffic control devices.

4. How can explosive or flammable atmosphere develop in a collection system?

5. What types of hazardous atmospheres should an atmospheric test unit be able to
detect in confined spaces?
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6. If operators are scheduled to work in @ manhole, when should the atmosphere in
the manhole be tested?

7. When a blower is used to ventilate a manhole, where should the blower be located?

8. List the safety equipment recommended for use when operators are required to
enter a confined space.

9. What are some early signs that an operator working in a manhole or other confined
space is not getting enough oxygen?

10. How can collection system operators be protected from injury by the accidental
discharge of stored energy?

11. How can collection system operators protect their hearing from loud noises?

12. How would you extinguish a fire?

Answers to Vocabulary and Questions
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Vocabulary:

1. G 5. C 9. M 13. N 17. ]
2. Q 6. O 10. E 14. F 18. L
3. A 7. R 11. I 15. P

4. K 8. B 12. D 16. H

Questions:

1.

10.

11.

12.
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Traffic can be warned of your presence in a street by signs, flags or flashers and
vehicles with rotating flashing lights. Vehicle-mounted traffic guides are also
helpful. Flaggers can be used to alert drivers and to direct traffic around a work
site.

The purpose of the advance warning area is to give drivers enough time to see
what is happening ahead and adjust their driving patterns.

Types of traffic control devices include: signs, barricades, traffic cones, drums,
vertical panels, lighting devices, advance warning arrow boards, flashing vehicle
lights, high level warning devices and portable changeable message signs. Flaggers
may also be used to control traffic.

Explosive or flammable atmospheres can develop at any time in the collection
system. Flammable gases or vapors may enter a sewer or manhole from a variety
of legal, illegal or accidental sources.

An atmospheric test unit should be able to detect flammable and explosive gases,
toxic gases and oxygen deficiency.

If operators are scheduled to work in a manhole, the atmosphere in the manhole
should be tested before anyone enters it, preferably before the cover is even
removed, and atmospheric testing should continue for the entire time anyone is
working in the manhole.

The blower used to ventilate a manhole should be located in an area upwind of the
manhole and at least 10 feet from the manhole opening. If the blower has a gas-
driven engine, the exhaust must be downwind from the manhole. The air intake to
the blower should be 2-5 feet above the ground surface, depending on conditions
(higher for dusty conditions).

SCBA (self-contained breathing apparatus); safety harness with lifeline, tripod and
winch; portable atmospheric alarm unit; ventilation blower with hose; manhole
enclosure (if entering a manhole); ladder or tripod with winch; ropes and buckets;
hard hats; protective clothing; cones and barricades; firs-aid kit; soap, water, paper
towels and a trash bag

The early warning signs that an operator is not getting enough oxygen include:
labored breathing (shortness of breath), chest heaving and change from usual
responses

Operators can be protected from injury due to the accidental discharge of stored
energy by following prescribed lockout/ tagout procedures.

Collection system operators can protect their hearing from loud noises by use of
approved earplugs, earmuffs and/or person protective equipment.

To extinguish a fire, first identify the material burning (class or category) and then
use the appropriate method to put out the fire.

Safety & Trenching
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Objectives

Classification of Pumps
Positive Displacement Pumps
Velocity Pumps

Parts of a Centrifugal Pumps
Pump Operations

Necessity Of Pumps

Pumps are required when gravity cannot supply water
with sufficient pressure to all parts of the distribution
system

Pumps account for the largest energy cost for a water
supply operation

Types of Pumps

Positive-Displacement Pumps
Metering pumps
sometimes used to feed chemicals
Piston pump
Screw pump
Velocity Pumps

Vertical turbine
Centrifugal
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Positive Displacement

Pumps

E}?g:rll?r?g TN Department of
Center Environment &

.Conservation

Positive-Displacement Pumps

Section 10

Positive-Displacement Pumps

Chemical feed pumps

Delivers a constant volume with each stroke

Less efficient than centrifugal pumps

Cannot operate against a closed discharge valve
Types: piston, diaphragm, gear, or screw pump

External Gear Pump Gerotor Pump

Internal Gear Pump Peristaltic Pump

Reciprocating Pump

Metering pumps — most common type of solution
feeder

Delivers precise volume of solution with each stroke or
rotation

Typically have variable-speed motor that can be
adjusted to control chemical flow

Rotary Pumps

Uses lobes or gears to move liquid through pump

Meshing teeth form a seal that
forces water into discharge lina

Water carried around both
sides of th

g @ pump Water carried around both
gides of the pump

aka Piston Pump

Piston moves back and forth in a cylinder; liquid enters
and leaves through check valves

+—— Fowin

— Flow out

i)

Peristaltic Pumps

Fluid to be pumped
flows through flexible
tube inside a pump
casing

Rotor inside turns and
compresses the tube

Rotor forces fluid
through tube
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Positive-Displacement Pumps

aka progressive cavity pumps Incline screw pumps handle

Screw pumps are used to lift large solids without plugging

wastewater to a higher elevation

This pump consists of a screw
operating at a constant speed
within a housing or trough

The screw has a pitch and is set at
a specific angle

When revolving, it carries
wastewater up the trough to a
discharge point

Velocity Pumps

Fleming Department of
éT?é?:tngr TN Environment &

.Conservation

Velocity Pump Design Characteristics

Axial - flow designs
Propeller shaped impeller adds head by
lifting action on vanes

Water moves parallel to pump instead of
being thrown outward

High volume, but limited head
Not self-priming

—=
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Velocity Pumps

Centrifugal (Volute) Pumps

Spinning impeller or propeller accelerates water to high
velocity in pump casing (or volute)

High velocity, low pressure water converted to high pressure,
low velocity water
Turbine Pumps

Velocity head is converted to pressure head by diffuser guide
vanes

Velocity Pump Design Characteristics

Radial flow designs

Water comes in through
center (eye) of impeller
Water thrown outward
from impeller to diffusers
that convert velocity to
pressure

The discharge is
perpendicular to the pump
shaft

Centrifugal or Turbine
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Velocity Pump Design Characteristics

Section 10

Centrifugal Pump

Mixed - flow designs
Has features of axial and radial flow

Basically, a very simple device: an impeller rotating in a
casing

Works well for water with solids The impeller is supported on a shaft, which in turn, is

supported by bearings

Liquid coming in at the center (eye) of the impeller is
picked up by the vanes and by the rotation of the
impeller and then is thrown out by centrifugal force
into the discharge

VOLUTE CASING

IMPELLER ’

=> |
—

DISCHARGE

Centrifugal Pumps

Advantages of Centrifugal Pumps

Volute-casing type most commonly used in water Wide range of capacities

utilities Uniform flow at a constant speed and head

Impeller rotates in casing - radial flow Low cost

Single or multi-stage Ability to be adapted to various types of drivers

By varying size, shape, and width of impeller, a wide Moderate to high efficiency n

range of flows and pressures can be achieved

single Cutwates

No need for internal lubrication
if pumping clean water

Single Volute

Disadvantages of Centrifugal Pumps

Parts of a Centrifugal

Efficiency is limited to very narrow ranges of flow and
head

Flow capacity greatly depends on discharge pressure
Generally, no self-priming ability
Can run backwards if check valve fails and sticks open

Potential impeller damage if pumping abrasive water Flemlng - .
epar ment of
éTraém{lgr TN Environment &

=_Conservation
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First, we need a device to spin liquid at high speeds —
an impeller
As the impeller spins, liquid between the blades is impelled
outward by centrifugal force
As liquid in the impeller moves outward, it will suck more
liquid behind it through this eye

#1: If there is any danger that foreign material
may be sucked into the pump, clogging or wearing
of the impeller unduly, provide the intake end of
the suction piping with a suitable screen

Let’s Build a Centrifugal Pump

Bronze or stainless steel

Closed; some single-suction have semi-open; open
designs

Inspect regularly

As the impeller wears on a pump, the pump efficiency
will decrease

Pump Shaft and Shaft Sleeves

Now we need a shaft to support and turn the impeller
It must maintain the impeller in precisely the right place

But that ruggedness does not protect the shaft from the
corrosive or abrasive effects of the liquid pumped, so we
must protect it with sleeves slid on from either end

#2: Never pump a liquid for which the pump was
not designed

Let’s Build a Centrifugal Pump

Pump Shaft
Connects impeller to pump; steel or stainless steel
Should be repaired/replaced if grooves or scores appear on the
shaft
Shaft Sleeves
Protect shaft from wear from packing rings

Generally, they are bronze, but various other alloys, ceramics,
glass or even rubber-coating are sometimes required

Bearings

We mount the shaft on sleeve, ball or roller bearings

If bearings supporting the turning shaft and impeller are
allowed to wear excessively and lower the turning units
within a pump’s closely fitted mechanism, the life and
efficiency of that pump will be seriously threatened

#3: Keep the right amount of the right lubricant
in bearings at all times.
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Anti-friction devices for supporting and guiding pump and
motor shafts

Get noisy as they wear out

If pump bearings are over lubricated, the bearings will
overheat and can be damaged or fail
Tiny indentations high on the shoulder of a bearing or race is
called brinelling
When greasing a bearing on an electric motor, the relief plug
should be removed and replaced after the motor has run for a few
minutes. This prevents you from damaging the seals of the
bearing

Types: ball, roller, sleeve
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Let’s Build a Centrifugal Pump

Section 10

Couplings

To connect with the motor, we add a coupling flange
Our pump is driven by a separate motor, and we attach a
flange to one end of the shaft through which bolts will
connect with the motor flange
If shafts are met at an angle, every rotation throws
tremendous extra load on bearings of both pump and the
motor

#4: See that pump and motor flanges are parallel
and vertical and that they stay that way.

Misalignment of Pump & Motor

Connect pump and motor shafts
Lubricated require greasing at 6-month intervals
Dry has rubber or elastomeric membrane

Calipers and thickness gauges can be used to check
alignment on flexible couplings

Common Pump & Motor
Connections

Excessive bearing loading | /
Shaft bending ‘ b A * f

Premature bearing failure
Shaft damage

Checking alignment should be a regular procedure in
pump maintenance.

Foundations can settle unevenly

Piping can change pump position

Bolts can loosen

Misalignment is a major cause of pump and coupling wear

Axial Radial Angular

misalignment misalignment misalignment

Let’s Build a Centrifugal Pump

VOLUTE

B |

Close-coupled

Frame mounted
Direct coupling
Angle drive
Belt or chain
Flexible coupling

STUFFING BOX]

[JGTOR

Frame Mounted

Let’s Build a Centrifugal Pump

Now we need a “straw” through which liquid can be
sucked

The horizontal pipe slopes upward toward the pump so that
air pockets won’t be drawn into the pump and cause loss of
suction

#5: Any down-sloping toward the pump in
suction piping should be corrected

AR PRCRET

s O

AR POCKET
<

Pumps

We contain and direct
the spinning liquid with a
casing

Designed to minimize
friction loss as water is
thrown outward from

Discharge

impeller
Usually made of cast iron, [R¥1ees
spiral shape Impeller

#6: See that piping puts absolutely no strain on
the pump casing.

151



Section 10

Mechanical Details of Centrifugal
Pumps
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Let’s Build a Centrifugal Pump

Casing
Housing surrounding the impeller; also called the volute

Designed to minimize friction loss as water is thrown
outward from impeller

Usually made of cast iron, spiral shape

Let’s Build a Centrifugal Pump

So, we add wear rings to plug internal liquid leakage

Wear rings fill the gaps without having to move the parts of
the pump closer together

impeller
#7: Never allow a wear, . —
pump to run dry. ring \./ Z
Water is a lubricant
between the rings
and impeller.

casing
wear

/ ring

Let’s Build a Centrifugal Pump

Now our pump is almost complete, but it would leak
like a sieve

As water is drawn into the spinning impeller, centrifugal
force causes it to flow outward, building up high pressure at
the outside of the pump (which will force water out) and
creating low pressure at the center of the pump (which will
draw water in)

Water tends to be drawn back from pressure to suction

through the space between the impeller and casing — this
needs to be plugged

Wear Rings

Restrict flow between impeller discharge and suction
Leakage reduces pump efficiency

Installed to protect the impeller and pump casing from
excessive wear

Provides a replaceable wearing surface
Inspect regularly

#8: Examine wearing rings at regular intervals.
When seriously worn, their replacement with
greatly improve pump efficiency.

Packing Rings

To keep air from being drawn in, we use stuffing boxes
We have two good reasons for wanting to keep air out of our
pump

We want to pump water, not air
Air leakage is apt to cause our pump to lose suction

Each stuffing box we use consists of a casing, rings of
packing, seal cage and a gland at the outside end

A mechanical seal may be used instead
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Pumps

Asbestos or metal ring lubricated with Teflon or
graphite

Provides a seal where the shaft passes through the
pump casing in order to keep air form being drawn or

sucked into the pump and/or the water being pumped
from coming out
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Packing Rings

If new packing leaks, stop the motor and repack the
pump

Pumps need new packing when the gland or follower is
pulled all the way down

The packing around the shaft should be tightened
slowly, over a period of several hours to just enough to
allow an occasional drop of liquid

Leakage acts as a lubricant

Stagger packing joints
1802 if only 2 rings are in stuffing box
1209 for 3 rings
902 if 4 rings or more are in set

Lantern Rings (aka Seal Cage)

Section 10

Packing Rings

If packing is not maintained properly, the following
troubles can arise:
Loss of suction due to air being allowed to enter pump
Shaft or shaft sleeve damage
Water or wastewater contaminating bearings
Flooding of pump station
Rust corrosion and unsightliness of pump and area

Stuffing Box

Perforated ring placed in stuffing box

A spacer ring in the packing gland that forms seal
around shaft, helps keep air from entering the pump
and lubricates packing

Packing Rings Over-Compressed
Resulting in Sieeve Wear

Gland Fully Adjusted

Lantern Ring Incorrectly Aligned,

4
‘Lantern Ring Correctly Aligned &
i

Mo Cooling Baing

Let’s Build a Centrifugal Pump

To make packing more airtight, we add water seal
piping
In the center of each stuffing box is a “seal cage”
This liquid acts both to block out air intake and to lubricate
the packing
To control liquid flow, draw up the packing gland just tight
enough to allow approximately one drop every 2-3 seconds
flow from the box

#12 — If the liquid being pumped contains grit, a

separate source of sealing liquid should be obtained.

Pumps

#4 — Packing should be re?!a(aced periodically.

Forcing in a ring or two of new packing instead of
replacing worn rack:’ng is bad practice. It is apt to
dislodge the seal cage.

#10 - Never tighten aﬁland more than necessary
as excessive pressure will wear shaft sleeves unduly.

#11 — If shaft sleeves are badly scored, replace
them immediately.

@ ()
Mechanical Seals ?c\):@e{@.

el

Located in stuffing box

Prevents water from leaking along shaft; keeps air out
of pump
Should not leak

Consists of a rotating ring and stationary element

The operating temperature on a mechanical seal
should never exceed 160°F (71°C)
Mechanical seals are always flushed in some manner
to lubricate the seal faces and minimize wear
The flushing water pressure in a water-lubricated
wastewater pump should be 3-5 psi higher than the
pump discharge pressure
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Mechanical Seals

Required instead of packing rings for suction head
greater than 60 psi
Prevents water from leaking along shaft, keeps air
out of pump

Should not leak any water

Packing Rings vs. Mechanical Seal

TDEC - Fleming Training Center

Packing vs. Mechanical Seals

If a pump has packing, water should drip slowly

If it has a mechanical seal, no leakage should occur

Mechanical Seal vs. Packing Rings

Advantages Disadvantages
Less expensive, short Increased wear on shaft
term or shaft sleeve

Increased labor
required for adjustment
and replacement

Can accommodate
some looseness
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Advantages
Last 3-4 years, which
can be a savings in labor
Usually there is no
damage to shaft sleeve
Continual adjusting,
cleaning or repacking is
not required
Possibility of flooding
lift station because a
pump has thrown its
packing is eliminated;
however mechanical
seals can fail, and lift
stations can be flooded

Disadvantages
High initial cost

replace
be shut down

repair

Great skill and care needed to
When they fail, the pump must

Pump must be dismantled to

Lantern
Ring

Wear Ring
(missing)
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Centrifugal Pump Components

Pump Operations

Flemlng Department of
éT?é?:tngr TN Environment &

.Conservation

Centrifugal Pump Operation

Section 10

Centrifugal Pump Basics

Cenirifugal Pump Basics

Centrifugal Pump Operation

Pump Starting -
Impeller must be submerged for a pump to start

Should never be run empty, except momentarily, because
parts lubricated by water would be damaged

Foot valve helps hold prime
Discharge valve should open slowly to control water hammer

In small pumps, a check valve closes immediately when
pump stops to prevent flow reversal

In large pumps, discharge valve may close before pump stops

Pump shut down for extended period of time -
Close the valve in the suction line
Close the valve in the discharge line
Drain the pump casing

Pumps

Flow usually controlled by starting and stopping pumps
Throttling flow should be avoided - wastes energy

Variable speed drives or motor are best way to vary
flow

Variable speed pumping equipment can be adjusted to
match the inflow rate
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Monitoring Operational Variables
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Monitoring Operational Variables

Pump and motor should be tested, and complete test
results recorded as a baseline for the measurement of
performance within the first 30 days of operation

Monitoring Operational Variables

Suction and Discharge Heads
Pressure gauges

Bearing and Motor Temperature
Temp indicators can shut down pump if temp gets too high
Check temp of pump by feel
Do not touch a hot motor!

Monitoring Operational Variables

Vibration
Detectors can sense malfunctions causing excess vibration

Operators can learn to distinguish between normal and
abnormal sounds

Monitoring Operational Variables

Likely causes of vibration
Bad bearings or bearing failure
Imbalance of rotating elements, damage to impeller
Misalignment from shifts in underlying foundation
Improper motor to pump alignment

Monitoring Operational Variables

Speed
Cavitation can occur at
low and high speeds
Creation of vapor
bubbles due to partial
vacuum created by
incomplete filling of the
pump
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Cavitation is a noise coming from a centrifugal pump
that sounds like marbles trapped in the volute

A condition where small bubbles of vapor form and
explode against the impeller, causing a pinging sound
Best method to prevent it from occurring is to reduce
the suction lift
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Suction Cavitation

Suction Cavitation occurs when the pump suction is
under a low pressure/high vacuum condition where the
liquid turns into a vapor at the eye of the pump
impeller

This vapor is carried over to the discharge side of the

pump where it no longer sees vacuum and is
compressed back into a liquid by the discharge pressure
This imploding action occurs violently and attacks the
face of the impeller

An impeller that has been operating under a suction
cavitation condition has large chunks of material
removed from its face causing premature failure of the
pump

Discharge Cavitation

Section 10

Discharge Cavitation

Discharge Cavitation occurs when the pump discharge
is extremely high

It normally occurs in a pump that is running at less
than 10% of its best efficiency point

The high discharge pressure causes the majority of the
fluid to circulate inside the pump instead of being
allowed to flow out the discharge

As the liquid flows around the impeller, it must pass
through the small clearance between the impeller and
the pump cutwater at extremely high velocity

Inspection and Maintenance

This velocity causes a vacuum to develop at the
cutwater similar to what occurs in a venturi and turns
the liquid into a vapor

A pump that has been operating under these
conditions shows premature wear of the impeller vane
tips and the pump cutwater

In addition, due to the high-pressure condition,
premature failure of the pump mechanical seal and
bearings can be expected and under extreme
conditions will break the impeller shaft

Inspection: Impellers

Inspection and maintenance prolongs life of pumps
Checking operating temperature of bearings
Checking packing glands
Operating two or more pumps of the same size alternatively
to equalize wear
Check parallel and angular alignment of the coupling on the
pump and motor
A feeler gauge, dial indicator calipers are tools that can
be used to check proper alignment
Necessary for warranty
Keep records of all maintenance on each pump

Keep log of operating hours

Pump Won’t Start?

Wear on impeller and
volute

Cavitation marks

Chips, broken tips,
corrosion, unusual wear

Tightness on shaft
Clearances

Tears or bubbles (if
rubber coated)

This impeller was damaged by cavitation

Pumps

Incorrect power supply
No power supply Stator Lo

. Converter

Incorrectly connected

{  Opposing
“Magnetic Fields

Fuse out, loose or open
connection

Rotating parts of motor
jammed mechanically

Internal circuitry open s’
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Pump Safety

Machinery should always be turned off and locked
out/tagged out before any work is performed on it

Make sure all moving parts are free to move and all
guards in place before restarting

Machinery creating excessive noise shall be equipped

with mufflers |
| CAUTION] 3

TOMATIC

llUIPMENT J

WILL START AT ANY TIME
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Pumps

Pump Safety: Meter Vaults &

Manholes

Confined spaces
Corrosion of ladder rungs
Explosive atmospheres

Hydrogen sulfide
accumulation

Slippery surfaces
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Pump and Motor Facts

Pump Facts

High-service pump — discharges water under pressure to the distribution system.

Booster pump — used to increase pressure in the distribution system and to fill elevated
storage tanks.

Impeller or centrifugal pump used to move water.

Likely causes of vibration in an existing pump/motor installation:
1. bad bearings
2. imbalance of rotating elements

3. misalignment from shifts in underlying foundation

Pump and motor should be tested and complete test results recorded as a baseline for the
measurement of performance within the first 30 days of operations.

Calipers and thickness gauges can be used to check alignment on flexible couplings.

Packing/Seals Facts

If new packing leaks, stop the motor and repack the pump.
Pumps need new packing when the gland or follower is pulled all the way down.

The packing around the shaft should be tightened just enough to allow an occasional drop
of liquid for cooling.

Joints of packing should be staggered at least 90°.
Mechanical seals consist of a rotating ring and stationary element.

The operating temperature on a mechanical seal should never exceed 160°F or 71°C.

Motor Facts
Motors pull the most current on start up.

In order to prevent damage, turn the circuit off immediately if the fuse on one of the legs
of a three-phase circuit blows.

An electric motor changes electrical energy into mechanical energy.
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Power factors on motors can be improved by:

1. changing the motor loading

2. changing the motor type

3. using capacitors
Routing cleaning of pump motors includes:

1. checking alignment and balance

2. checking brushes

3. removing dirt and moisture

4. removal of obstructions that prevent air circulation
Cool air extends the useful life of motors.

A motor (electrical or internal combustion) used to drive a pump is called a prime mover.

The speed at which the magnetic field rotates is called the motor synchronous speed and
is expressed in rpm.

If a variable speed belt drive is not to be used for 30 days or more, shift the unit to
minimum speed setting.

Emory cloth should not be used on electric motor components because it is electrically
conductive and may contaminate parts.

Ohmmeters used to test a fuse in a motor starter circuit.
The most likely cause of a three-phase motor not coming to speed after starting — the

motor has lost power to one or more phases.

Transformer Facts
Transformers are used to convert high voltage to low voltage.

High voltage is 440 volts or higher.
Standby engines should be run weekly to ensure that it is working properly.

Relays are used to protect electric motors.

Pumps
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10.

11.
12.

13.

14.

15.
16.

17.
18.

Pump Vocabulary

Axial-Flow Pump —a pump in which a propeller-like impeller forces water out in the
direction parallel to the shaft. Also called a propeller pump.

Bearing — anti-friction device used to support and guide a pump and motor shafts.
Casing — the enclosure surrounding a pump impeller, into which the suction and
discharge ports are machined.

Cavitation — a condition that can occur when pumps are run too fast or water is
forced to change direction quickly. A partial vacuum forms near the pipe wall or
impeller blade causing potentially rapid pitting of the metal.

Centrifugal Pumps —a pump consisting of an impeller on a rotating shaft enclosed
by a casing having suction and discharge connections. The spinning impeller throws
water outward at high velocity, and the casing shape converts this velocity to
pressure.

Closed-Coupled Pump — a pump assembly where the impeller is mounted on the
shaft of the motor that drives the pump.

Diffuser Vanes — vanes installed within a pump casing on diffuser centrifugal pumps
to change velocity head to pressure head.

Double-Suction Pump — a centrifugal pump in which the water enters from both
sides of the impeller. Also called a split-case pump.

Foot Valve — a check valve placed in the bottom of the suction pipe of a pump,
which opens to allow water to enter the suction pipe but closes to prevent water
from passing out of it at the bottom end. Keeps prime.

Frame-Mounted Pump — a centrifugal pump in which the pump shaft is connected
to the motor shaft with a coupling.

Impeller — the rotating set of vanes that forces water through the pump.

Jet Pump — a device that pumps fluid by converting the energy of a high-pressure
fluid into that of a high-velocity fluid.

Lantern Ring — a perforated ring placed around the pump shaft in the stuffing box.
Water from the pump discharge is piped to this ring. The water forms a liquid seal
around the shaft and lubricates the packing.

Mechanical Seal — a seal placed on the pump shaft to prevent water from leaking
from the pump along the shaft; the seal also prevents air from entering the pump.
Mixed-Flow Pump —a pump that imparts both radial and axial flow to the water.
Packing — rings of graphite-impregnated cotton, flax, or synthetic materials, used to
control leakage along a valve stem or a pump shaft.

Packing Gland — a follower ring that compressed the packing in the stuffing box.
Positive Displacement Pump —a pump that delivers a precise volume of liquid for
each stroke of the piston or rotation of the shaft.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
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Prime Mover — a source of power, such as an internal combustion engine or an
electric motor, designed to supply force and motion to drive machinery, such as a
pump.

Radial-Flow Pump —a pump that moves water by centrifugal force, spinning the
water radially outward from the center of the impeller.

Reciprocating Pump — a type of positive-displacement pump consisting of a closed
cylinder containing a piston or plunger to draw liquid into the cylinder through an
inlet valve and forces it out through an outlet valve.

Rotary Pump — a type of positive-displacement pump consisting of elements
resembling gears that rotate in a close-fitting pump case. The rotation of these
elements alternately draws in and discharges the water being pumped.
Single-Suction Pump — a centrifugal pump in which the water enters from only one
side of the impeller. Also called an end-suction pump.

Stuffing Box — a portion of the pump casing through which the shaft extends and in
which packing or a mechanical seal is placed to prevent leakage.

Submersible Pump — a vertical-turbine pump with the motor placed below the
impellers. The motor is designed to be submersed in water.

Suction Lift — the condition existing when the source of water supply is below the
centerline of the pump.

Velocity Pump — the general class of pumps that use a rapidly turning impeller to
impart kinetic energy or velocity to fluids. The pump casing then converts this
velocity head, in part, to pressure head. Also known as kinetic pumps.

Vertical Turbine Pump — a centrifugal pump, commonly of the multistage, diffuser
type, in which the pump shaft is mounted vertically.

Volute — the expanding section of pump casing (in a volute centrifugal pump),
which converts velocity head to pressure head..

Water Hammer — the potentially damaging slam that occurs in a pipe when a
sudden change in water velocity (usually as a result of too-rapidly starting a pump
or operating a valve) creates a great increase in water pressure.

Wear Rings — rings made of brass or bronze placed on the impeller and/or casing of
a centrifugal pump to control the amount of water that is allowed to leak from the
discharge to the suction side of the pump.
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Pump and Motor Review Questions

1. Leakage of water around the packing on a centrifugal pump is important because it acts as
a(n):
a. Adhesive
b. Lubricant
c. Absorbent
d. Backflow preventer

2. What s the purpose of wear rings in a pump?
a. Hold the shaft in place
b. Hold the impeller in place
c. Control amount of water leaking from discharge to suction side
d. Prevent oil from getting into the casing of the pump

3. Which of the following does a lantern ring accomplish?
a. Lubricates the packing
b. Helps keep air from entering the pump
c. Both(a.)and (b.)

4. Closed, open and semi-open are types of what pump part?

a. Impeller
b. Shaft sleeve
c. Casing

d. Coupling

5. When tightening the packing on a centrifugal pump, which of the following applies?
a. Tighten hand tight, never use a wrench
b. Tighten to 20 foot pounds of pressure
c. Tighten slowly, over a period of several hours
d. Tighten until no leakage can be seen from the shaft

6. Excessive vibrations in a pump can be caused by:
a. Bearing failure
b. Damage to the impeller
c. Misalignment of the pump shaft and motor
d. All of the above
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7. What component can be installed on a pump to hold the prime?
a. Toe valve
b. Foot valve
c. Prime valve
d. Casingvalve

8. The operating temperature of a mechanical seal should not exceed:

a. 60°C
b. 150°F
c. 160°F
d. 71°C

e. candd

9. What is the term for the condition where small bubbles of vapor form and explode against
the impeller, causing a pinging sound?
a. Corrosion
b. Cavitation
c. Aeration
d. Combustion

10. The first thing that should be done before any work is begun on a pump or electrical motor

is:

a. Notify the state

b. Put on safety goggles

c. Lock out the power source and tag it

d. Have a competent person to supervise the work

11. Under what operating condition do electric motors pull the most current?
a. Atstartup
b. At full operating speed
c. Atshutdown
d. When locked out

12. As the impeller on a pump becomes worn, the pump efficiency will:
a. Decrease
b. Increase

c. Staythe same

13. How do the two basic parts of a velocity pump operate?
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14.

15.

16.

17.

18.

19.

20.

21.

What are two designs used to change high velocity to high pressure in a pump?

In what type of pump are centrifugal force and the lifting action of the impeller vanes
combined to develop the total dynamic head?

Identify one unique safety advantage that velocity pumps have over positive-displacement
pumps.

What is the multistage centrifugal pump? What effects does the design have on discharge
pressure and flow volume?

What are two types of vertical turbine pump, as distinguished by pump and motor
arrangement, which are commonly used to pump ground water from wells?

What type of vertical turbine pump is commonly used as an inline booster pump?

Describe the two main parts of a jet pump.

What is the most common used of positive-displacement pumps in water plants today?
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22. What is the purpose of the foot valve on a centrifugal pump?

23. How is the casing of a double-suction pump disassembled?

24. What is the function of wear rings in centrifugal pumps of the closed-impeller design?
What is the function of the lantern rings?

25. Describe the two common types of seals used to control leakage between the pump shaft
and the casing.

26. What feature distinguishes a close-coupled pump and motor?

27. What is the value of listening to a pump or laying a hand on the unit as it operates?

28. Define the term “racking” as applied to pump and motor control.

29. When do most electric motors take the most current?

30. What are three major ways of reducing power costs where electric motors are used?
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31. What effect could over lubrication of motor bearings have?

32. Why should emery cloth not be used around electrical machines?

33. What are the most likely causes of vibration in an existing pump installation?

34. What can happen when a fuse blows on a single leg of a three-phase circuit?

35. Name at least three common fuels for internal-combustion engines.

36. List the type of information that should be recorded on a basic data card for pumping
equipment.

37. What is the first rule of safety when repairing electrical devices?

Answers:

1. B 4. A 7. B 10. C
2. C 5 C 8. E 11. A
3. C 6. D 9. B 12. A

13. A spinning impeller accelerates water to a high velocity within a casing, which changes the
high-velocity, low-pressure water to a low-velocity, high-pressure discharge.

14. Volute casing and diffuser vanes.

15. Mixed-flow pump (the design used for most vertical turbine pumps)
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.
34.

35.
36.

37.
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If a valve is closed in the discharge line, the pump impeller can continue to rotate for a time
without pumping water or damaging the pump.

A multistage centrifugal pump is made up of a series of impellers and casings (housings)
arranged in layers, or stages. This increases the pressure at the discharge outlet, but does
not increase flow volume.

Shaft-type and submersible-type vertical turbines.

A close-coupled vertical turbine with an integral sump or pot.

The jet pump consists of a centrifugal pump at the ground surface and an ejector nozzle
below the water level.

Positive-displacement pumps are generally used in water plants to feed chemical into the
water supply.

The foot valve prevents water from draining when the pump is stopped, so the pump will
be primed when restarted.

The bolts holding the two halves of the casing together are removed and the top half is
lifted off.

Wear rings prevent excessive circulation of water between the impeller discharge and
suction area. Lantern rings allow sealing water to be fed into the stuffing box.

(1) Packing rings are made of graphite-impregnated cotton, flax, or synthetic materials.
They are inserted in the stuffing box and held snuggly against the shaft by an adjustable
packing gland. (2) Mechanical seals consist of two machined and polished surfaces. One is
attached to the shaft, the other to the casing. Spring pressure maintains contact between
the two surfaces.

The pump impeller is mounted directly on the shaft of the motor.

An experienced operator can often detect unusual vibration by simply listening or
touching. Vibration, especially changes in vibration level, are viewed as symptoms or
indicators of other underlying problems in foundation, alignment and/or pump wear.
Racking refers to erratic operation that may result from pressure surges when the pump
starts; it is often a problem when the pressure sensor for the pump control is located too
close to the pump station.

During start-up.

(1) Increase system efficiency; (2) spread the pumping load more evenly throughout the
day; (3) reduce power-factor charges

The bearings may run hot, and excess grease or oil could run out and reach the motor
windings, causing the insulation to deteriorate.

The abrasive material on emery cloth is electrically conductive and could contaminate
electrical components.

Imbalance of the rotating elements, bad bearings and misalignment

A condition called single-phasing can occur, causing the motor windings to overheat and
eventually fail.

gasoline, propane, methane, natural gas and diesel oil (diesel fuel)

make, model, capacity, type, date and location installed, and other information for both
the driver (motor) and the driven unit (pump)

Make sure the power to the device is disconnected. This is critical since rubber gloves,
insulated tools and other protective gear are not guarantees against electrical shock.
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Maintenance

California State University, Sacramento
Operation and Maintenance of Wastewater Collection Systems Vol. Il

System Maintenance

A good maintenance program is a must in order to
maintain successful operation of a water plant

Should include everything from mechanical equipment
to the care of the plant grounds, buildings and
structures

Mechanical maintenance is of prime importance as
the equipment must be kept in good operating
condition in order for the plant to maintain peak
performance

Preventive Maintenance Records

Equipment Service Card

Preventive maintenance programs keep equipment in
good working condition and correct small malfunctions
before they turn into big problems

A good record keeping system tells when maintenance
is due and shows equipment performance

Equipment service cards and service record cards
should be filled out for each piece of equipment in the
plant

Tells what should be done and when

Should include equipment name
»e.g.raw pump No. 1

List each required maintenance service with an item
number

List maintenance services in order of frequency of
performance

Describe each type of service under work to be done

EQUIPMENT SERVICE CARD

Equipment: #1 Raw Pump
[Er= |

Check water seal and packing gland Daily
2 Listen for unusual noises Daily
3 Operate pump alternately Weekly Monday
4 Inspect pump assembly Weekly Wednesday
5] Inspect and lube bearings Quarterly 1,4,7,10
6 Check operating temperature of bearings Quarterly 1,4,7,10
7 Check alignment of pump and motor Semi-annually 4,10
8 Inspect and service pump Semi-annually 4,10
9 Drain pump before shutdown

Service Record Card

Tells what was done and when it was done

Should have date and work done, listed by item
number and signed by the operator who performed the
service
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SERVICE RECORD CARD

Equipment: #1 Raw Pump
L e e e
(Item No.) (item No.)

1-6-23
1-7-23 1-2 J.D.
1-8-23 1-2-4-5-6 P.K.

Beware of Electricity

Do not attempt to install, troubleshoot, maintain,
repair, or replace electrical equipment, panels,
controls, wiring, or circuits unless

You know what you are doing

You are qualified

You are authorized

ELECTRICAL

HAZARD.
Authorized
personnel only.

Also known as electromotive force (EMF)

The electrical pressure available to cause a flow of
current (amperage) when a circuit is closed

Voltage (E) is the force that is necessary to push
electricity or electric current through a wire

Two types:
> Direct current (DC)
» Alternating current (AC)

Section 11

Electrical Equipment

E}'?ar?rll?r?g TN Department of
Center Environment &
==_Conservation

Fundamentals of

Electricity

Flemlng Department of
é-rrcaém?gr TN Erivironme_nt&

==_Conservation

Direct Current (DC)

Flow in one direction and is essentially free from
pulsation

Used exclusively in automotive equipment, certain
types of welding equipment, and a variety of portable

equipment DIRECT CURRENT
Found in various voltages (DC)
6,12, 24, 48, and 110 volts - 1

All batteries are DC

1—=
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Alternating Current — Single Phase

Voltage and current periodically change direction and
amplitude

Current goes from zero to maximum strength, back to
zero, and to the same strength in the opposite
direction

Hertz describes the frequency of cycles completed

per second ALTERNATING CURRENT
Classified as (AC)
>Single phase e Vi
»Two phase
»Three phase or polyphase @
- ] —=

Alternating Current — Three Phase

Found in lighting systems, small pump motors, various
portable tools, and throughout homes

Usually 120 volts and sometimes 240 volts

Only one phase of power is supplied to the main
electrical panel

single =}
phase o
AC a
input o

]

Alternating Current — Circuit

Breakers

Generally used with motors and
transformers

Usually is 208, 220, 240 volts, or
440, 460, 480, and 550 volts

3-Phase Transmission Line

Used when high-power @ |
requirements or larger motors are i i

used o e P
Efficiency is higher and less _ ]
maintenance is required s PTRITARAtet

Generally, all motors with > 2 HP
are three phase

Used to protect electric circuits from overloads

Metal conductors that de-energize the main circuit is
overheated by too much current passing through

The measurement of current or electron flow and is an
indication of work being done or “how hard the
electricity is working”

The practical unit of electrical current

Watts (W) and Kilowatts(kW)

The units of measurement of the rate at which power is
being used or generated
In DC circuits, watts equal the voltage times the current
Watts = (volts)(amps)
In AC polyphase circuits, you have to include the power
factor and the v3
Watts = (volts)(amps)(power factor)(1.73)
Power factor is the ratio of actual power passing
through a circuit to the apparent power
»Usually somewhere near 0.9
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Conductors and Insulators

Electricity Simplified

Conductor - a material that allows the flow of
electric current e.g. copper

Insulator - a material that will not allow the flow of
electricity e.g. rubber

Insulation commonly
used to prevent the loss
of electrical flow by two

conductors coming into
contact with each other

Rubber - Insulator
opper - Conductol

Quantity Symbol Unit of Measurement | Unit Abbreviation
Current | Ampere (Amp) A
Voltage VorE Volt 1"
Resistance R Ohm Q

Tools, Meters and

Testers

Flemlng Department of
éT?é?:tngr TN Environment &

.Conservation

Voltage Testing

Multimeter used for checking voltage

Use meter that has sufficient range to
measure voltage you would expect to
find

Tells if AC or DC and intensity or
voltage

Used to test for open circuits, blown
fuses, single phasing of motors,
grounds, etc.

Megger

Records the current or “amps”
flowing in the circuit

supplying a motor
In-line type —installed in a
panel or piece of equipment

Connected in line with the
power lead or leads

Two common types: 1y & 5[\]\\l\7|71/;?0 "85 g0 ||
Clamp-on type — used for | \\\\\\\\\ i, 4
testing i DC AMPERES |

Clamped around a wire SBLUESEA TSR

Used for checking the insulation resistance on motors,
feeders, bus bar systems, grounds, and branch circuit
wiring

Connected to a motor terminal at the starter

Test results show if the insulation is deteriorating or
cut

Three types
Crank operated
Battery operated
Instrument
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Used to measure the
resistance

in a circuit

Also called circuit testers

Electrical circuit must be
OFF to use ohmmeter

Ohmmeter supplies own
power

TDEC - Fleming Training Center

Equipment Protective

Devices

TN le;.JE]lr[l“\L}H': of
Environment &

==_Conservation

A protective device having a strip or wire of fusible
metal that will melt and break the electrical circuit
when subjected to excessive temperature

Common types:

Current-limiting fuses — used to protect power distribution
circuits

Dual-element fuses — used for motor protection circuits

Be sure to replace fuses with proper size and type
indicated for that circuit

b=y 52 -uu&%"-“* s t“*’i&il =

~ &

Circuit Breakers

Overload Relays

A protective device consisting of a switch that opens
automatically when the current of the voltage exceeds
or falls below a certain limit

Can be reset unlike a fuse

Can be visually inspected to find out if it has been
tripped

Heater strips open on current rise (overheating) and open
the control circuit

This opens the power control circuit which de-energizes the start
and stops power to the motor

Also known as heaters or “thermal overloads”
Range form 100-110 of the motor nameplate ratings
Should never exceed 125% of the motor rating

Never increase the rating of the overload relay
Find the problem that is causing it to trip and repair it

Ground — an electrical connection to earth or a large
conductor that is at the earth’s potential or neutral voltage

174 Equipment Maintenance



TDEC - Fleming Training Center

Overload Relays
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Auxiliary Electrical Power

Compressors

Standby power
generation — three types
Engine driven generator
Batteries
Alternate power source

Emergency lighting
Batteries

Compressor Maintenance

A device used to increase
the pressure of air or gas

Consists of a suction pipe
with a filter and a
discharge pipe that
connects to an air
receiver

Can be simple diaphragm type or complex rotary,
piston, or sliding vane type

Compressor Maintenance

Drain the condensate from air receiver daily
If has automatic drain, inspect periodically
Inspect belt tension on compressor
Should be able to press the belt down, in the center, with
your hand approximately % inch
Examine operating controls
Make sure compressor is starting and stopping at the proper
settings
Ensure portable compressors have oil in tool oiler
reservoir

Clean thoroughly each month

Inspect the suction filter of the compressor monthly
Clean or replace filter every 3-6 months

Lubrication must be inspected daily
Oil should be replaced every 3 months

Cylinder or casing fins should be cleaned weekly

Inspect unloader

If not working properly, compressor will not start, stall, or
burn off belts if belt driven

Test the safety valves weekly

Valves

F|em|ng Department of
é-rraém{‘gr TN Erivironme_nt&

=_Conservation
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Gate Valves

TDEC - Fleming Training Center

Gate Valves—0 & M

Basic parts: operator (handle), shaft
packing assembly, bonnet, valve body
with seats, stem, and disc

Valve disc is raised/lowered by a
threaded shaft

Disc is screwed down until it wedges
itself between two machined valve
seats

Gate Valve Closed Gate Valve Opened

Not used to control flows

Either rising stem or non-rising stem
type

Gate Valves - Maintenance

Frequency Service

Annually Replace packing: Remove all old packing from stuffing box. Insert new split

ring packing while staggering the ring splits.

Semi-annually  Operate valve: Operate inactive gate valves to prevent sticking

Annually Lubricate gearing: Lubricate gate valves as recommended by manufacturer

Semi-annually  Lubricate rising stem threads: Clean threads on rising stem gate valves and

lubricate with grease

Annually Reface leaky gate valve seats: Remove bonnet and clean examine disc body

thoroughly. Check and service all parts of valve completely. Remove all old
packing a clean out stiffing box. Do not salvage old gasket. After cleaning and
examining all parts, determine whether valve can be repaired or must be
replaced. Test repaired valve before putting back in line.

Ball Valves

A valve consisting of a ball
resting in a cylindrical seat v

A hole is bored through
the ball to allow water to
flow when the valve is
open

When the valve is rotated
90°, the valve is closed

Should be operated fully
open or fully closed

Throttling can lead to
damage to the seal

Handle Valve OFF
e eus

BallWith Hole

1. Open valve fully

2. Operate all large valves at least yearly to ensure
proper operation

3. Inspect valve stem packing for leaks

4. If the valve has a rising stem, keep stem threads
clean and lubricated

5. Close valves slowly in pressure lines to prevent
water hammer

6. If a valve will not close by using the handwheel,
check for the cause; Using a “cheater” bar will only
aggravate the problem

Globe Valves

Use a circular disc to make Hande
a flat surface contact with a
ground-fitted valve seat

— ValveStem

Internal design enables
valve to be used in a
controlling /throttling
mode

Can be of rising or
nonrising stem type

O & M similar to gate valve

Eccentric Valves

Horizontal Installation
Uses a cam shaped plug to

match an eccentric valve
seat

As the valve is closed, the
plug throttles the flow yet
maintains a smooth flow rate

Excellent for controlling the
flows of slurries and sludges
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Butterfly Valves

Used primarily as a control valve

Allows water to flow in only one direction
Uses a machined disc that can be opened to 90° to

Three types:
allow full flow through valve Swing check — a movable disc (clapper) rests at a right angle
Closed valve is forced against the continuous rubber to the flow an seats against a ground seat

seat Wafer check — a circular disc that hinges in the center of the

disc. Flow collapses the disc and flow stoppage allows the
d disc to return to its circular form

~ 2 Lift check — uses a vertical lift disc or ball. Flow lifts the
I disc/ball and allows water to flow through.
Foot valves are nearly always vertical lift valves

Check Valves - Maintenance

A1 Chac e Lt T A Mo [Frequeney | sevie |
;:% B = Annually Inspect disc facing: Open valves to observe condition of facing on swing
’ ~ B check valves
( | ¥ } ” ! Annually Check pin wear: Check pin wear on balanced check valve, since disc
e

must be accurately positioned in seat to prevent leakage

Lift Check Valve
Swing Check Valve

Wafer Check Valve

Valve Video

[a L/ Ree

=
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Equipment Maintenance Vocabulary

1. Amperage 7. Fuse

2. Brinelling 8. Jogging
3. Cavitation 9. Mandrel
4. Circuit 10. Megger
5. Circuit Breaker 11. Resistance
6. Current 12. Voltage

A safety device in an electric circuit that automatically shuts off the circuit when it
becomes overloaded. The device can be manually reset.

Tiny indentations (dents) high on the shoulder of the bearing race or bearing. A
type of bearing failure.

A special tool used to push bearing in or to pull sleeves out. Also can be a gage
used to measure for excessive deflection in a flexible conduit.

. A protective device having a strip or wire of fusible metal that, when placed in a

circuit, will melt and break the electric circuit if heated too much. High
temperatures will develop in the fuse when a current flows through the fuse in
excess of that which the circuit will carry safely.

The formation and collapse of a gas pocket or bubble on the blade of an impeller or
the gate of a valve. The collapse of this gas pocket or bubble drives water into the
impeller or gate with a terrific force that can cause pitting on the impeller or gate
surface. This is accompanied by loud noises that sound like someone is pounding
on the impeller or gate with a hammer.

The electrical pressure available to cause a flow of current (amperage) when an
electric circuit is closed.

The frequent starting and stopping of an electric motor.

A movement or flow of electricity.

An instrument used for checking the insulation resistance on motors, feeders, bus
bar systems, grounds and branch circuit wiring.

The strength of an electric current measured in amperes. The amount of electric
current flow, similar to the flow of water in gallons per minute.

That property of a conductor or wire that opposes the passage of a current, thus
causing electrical energy to be transformed into heat.

The complete path of en electric current, including the generating apparatus or
other source; or, a specific segment or section of the complete path.
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Equipment Maintenance Questions

1. What are some of the uses of a voltage tester?

2. How often should motors and wirings be megged?
3.  An ohmmeter is used to check the ohms of resistance in what control circuit
components?

4. What are the two types of safety devices found in main electrical panels or control
units?

5. What is the most common pump driver used in lift stations?

6. Why should inexperienced, unqualified or unauthorized persons and even qualified
and authorized persons be extremely careful around electrical panels, circuits,
wiring and equipment?

7. Under what conditions would you recommend the installation of a screw pump?

8. What are the advantages of a pneumatic ejector?
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9. What is the purpose of packing?

10. What is the purpose of the lantern ring?

11. How often should impellers be inspected for wear?

12. What is the purpose of wear rings?

13. What causes cavitation?

14. How often should the suction filter of a compressor be cleaned?

15. How often should the condensate from the air receiver be drained?

16. What is the purpose of lubrication?
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17.

18.

19.

20.

21.

What precautions must be taken before oiling or greasing equipment?

If an ammeter reads higher than expected, the high current could produce
a. “Freezing” of motor windings
b. Irregular meter readings
c. Lower than expected output horsepower
d. Overheating and damage equipment

The greatest cause of electric motor failures is
a. Bearing failures
b. Contaminants
c. Overload (thermal)
d. Single phasing

Flexible shafting is used where the pump and driver are
a. Coupled with belts
b. Difficult to keep properly aligned
C. Located relatively far apart
d. Required to be coupled with universal joints

Never operate a compressor without the suction filter because dirt and foreign
materials will cause

a. Deterioration of lubricants

b. Effluent contamination

C. Excessive water

d. Plugging of the rotors, pistons or blades
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Answers to Vocabulary and Questions

Vocabulary:

1. ] 5. A 9. C

2. B 6. H 10. I

3. E 7. D 11. K

4. L 8. G 12. F

Questions:

1. A voltage tester can be used to test for voltage, open circuits, blown fuses, single

phasing of motors and grounds.

At least once a year and twice a year if possible

Coils, fuses, relays, resistors and switches

Fuses and circuit breakers

A.C. induction motor

You can seriously injure yourself or damage costly equipment.

To pump fluctuating flows with large solids and rags.

They can handle limited flows with relatively large solids. Maintenance is not as

complicated as the maintenance on most pumps; however, maintenance must be

performed when scheduled.

9. To keep air from leaking in and water leaking out where the shaft passes through
the casing

10. To allow outside water or grease to enter the packing for lubrication, flushing, and
cooling and to prevent air from being sucked or drawn into the pump

11. Every 6 months or annually, depending on pumping conditions; if grit, sand or
other abrasive material is being pumped, inspections should be more frequent

12. They protect the impeller and pump body from damage due to excessive wear.

13. Cavitation can be caused by a pump operating under different conditions than what
it was designed for, such as off the design curve, poor suction conditions, high
speed, air leaks into suction end and water hammer conditions.

14. The frequency of cleaning a suction filter on a compressor depends on the use of a
compressor and the atmosphere around it. The filter should be inspected at least
monthly and cleaned or replaced every three to six months. More frequent
inspections, cleanings and replacements are required under dusty conditions such
as operating a jackhammer on a street.

15. Daily

16. To reduce friction between two surfaces and to remove heat caused by friction

17. Shut it off, lock it out and tag it so it can't be started unexpectedly and injure you

18.

19.

20.

21.

e I A il

OO0O0
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Stoppages

Stoppages are caused by obstructions such as:
Roots AN

Debris

Grease
Broken pipe
Joint failure
Improper taps
Sticks

Factors Effecting Sewer Cleaning Methods

TDEC - Fleming Training Center

Purpose

Operate and maintain collection system to function as
intended

Primary purpose is to maintain the capacity of the sewer
Potential problems can be found during routine cleaning
and maintenance .

Minimize the number of
Stoppages per mile
Odor complaints
Lift station failures

High velocity cleaner with vacuum
device to remove grit & debris

Stoppages

Debris found when removin
includes:

Solidified grease
Detergents [
Sticks

Rags

Plastic bags
Broken pipe
Brick

Rock

Sand

Silt
Eggshells

g stoppages

Wastewater characteristics
Fluctuations in flow

Sewer diameter or configuration
Alignment or sewer grade

Pipe materials

Physical condition of sewer

Location and accessibility of the pipe and records of
previous cleaning

Solids which settle out in sewers lead to

Corrosive conditions

Odors

Stoppages

Toxic hydrogen sulfide gas
Numerous odor complaints often indicates that a
sewer needs to be cleaned
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Hydraulic Cleaning

Using water pressure to clean sewers dates back over
100 years, but has recently undergone vast
improvements with the development of self-propelling,
high velocity cleaners (HVCs)
Also called jetters, hydraulic cleaners, hydro jets, flushers and
jet trucks
Water under pressure to produce high water velocities
High velocity cleaner
Ball or kite
Scooter
Flushing

Section 12

High Velocity Cleaner - HVC

HVCs force high pressure water through the nozzle at the
end of the hose to scour the pipe walls

The water pressure is also used to advance the nozzle
head through the pipe

The head cleans the invert and the walls of the pipe and
moves the debris downstream where it can be captured
and removed at a manhole

g

High Velocity Cleaner - HVC

Effectively removes light grease and detergents, roots,
sand, sludge and other light debris

Not as effective as power rodding machines for removing heavy
roots and hardened grease

Not as effective as power bucket machines in removing packed
debris in large diameter pipes

HVCs operate most effectively in pipes ranging from 4 to
20 inches in diameter

In pipes larger than 20 inches in diameter the cleaning
effectiveness decreases as the pipe diameter increases

Most commonly used as a preventive maintenance tool
to keep sewers clear

High Velocity Cleaner - Equipment

Flushing nozzle: the selection of the nozzle is based on
the work to be performed as the different designs
accomplish different functions

The angle of discharge from the nozzle is given in
degrees, most common are 15, 35 and 45 degrees

The lower degrees provide better thrust, but higher degrees
provide better cleaning capabilities |-y

Weekly nozzle inspection should be
performed to ensure proper operation
Drain the pump daily in cold weather

High Velocity Cleaner - Equipment

Equipment: Water tank, high pressure water pump,
pump power source, hose reel with 500 or more feet
and flushing nozzles

Trailer mounted system — % inch diameter hose, delivers water

flows from 25-40 GPM and operates at pressure ratings from
1500-2000 psi

Truck mounted system — 1 inch diameter hose delivering 50-
100 GPM and pressure ratings up to 3000 psi
The first 10 feet of hose behind the nozzle will be the
first to wear from the impact of materials, to provide
maximum protection a braided, steel-reinforced leader
hose should be installed on the nozzle end

High Velocity Cleaner - Equipment

5 basic categories of nozzles:

Basic drilled nozzles — used for breaking blockages and cleaning
debris

Rotational or spinning nozzles — best at cleaning grease and
clearing light to medium roots (Brand names — Warthog and
Bulldog)

Bottom or floor cleaners — remove heavy solids that have settled
in the pipe invert

Specialty nozzles — designed for a single purpose (Ex.
hydraulic root cutters)

High performance — engineered to provide a more powerful
stream of water using less power with less maintenance
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High Velocity Cleaner - EqQuipment

Regardless of the nozzle chosen a finned nozzle extension
should be used (attaches between the nozzle and the
hose)

The finned extension accomplishes two goals:
Helps to protect the nozzle from wear resulting from running on
the rough surface of the pipe
Helps prevent the nozzle from turning up a lateral or service
connection or turning around in the pipe

High Velocity Cleaner - HVC

Typical High-Velocity Jet Cleaning Setup

Hongiosure  Noid Hopresaure Honprssus Procive bose

High Velocity Cleaner - Operation

HVCs water tank filled from a fire hydrant nearby

When using a hydrant, a special hydrant wrench must be
used to operate the main hydrant valve

Never use a pipe wrench on a hydrant valve because the valve
nut is brass and is easily damaged
Never use a cheater bar on the hydrant wrench

A gate valve should be installed on the hydrant to
regulate the flow of water and eliminate the need to open
and close the hydrant’s main valve repeatedly which could
cause damage to the valve or cause water to discharge
from the hydrant weep hole that could undermine the
hydrant

High Velocity Cleaner - Operation

Once the gate valve is installed and in the closed position,
fully open the hydrant’s valve and then open the gate
valve to allow water to run

Continue flushing until the water is clear from any rust

Once the water is running clear, close the gate valve
slowly to avoid water hammer in the water main

Fill the water tank by slowly opening the gate valve to
avoid disturbing any rust

A properly installed air gap must be used to prevent a cross
connection between the HVC tank and the water system

High Velocity Cleaner - Operation

High Velocity Cleaner - Operation

A flushing nozzle is installed at the end of the hose and is
lowered into the downstream manhole of the section of
sewer to be cleaned

The rear facing jets on the nozzle allow the flushing nozzle
and hose to be pushed forward through the line to the
next manhole (usually not more than 300 ft away)

As the nozzle travels through the line the high velocity
water dislodges sediment, roots, grease, sand, silt and
sludge and back-flushes it to the downstream manhole

A debris trap in the downstream manhole is used to catch
and remove the debris

When cleaning a large diameter sewer pipe a sand trap is
placed in the downstream pipe of the manhole to prevent
large amounts of debris from accumulating downstream

Water and debris entering the manhole builds up in the
manhole and the water drains over the top of the trap
while the solids settle out and remain in the manhole

Debris shovels, grabbers or vacuums can be used to remove the
debris

V

Sand trap
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High Velocity Cleaner - Operation

Continue sending the nozzle end up the line and bring it
back to the downstream manhole enough times to reach
the upstream manhole and return without bringing back
debris

Keep the nozzle moving and the pump operating at all
times to avoid creating stoppages, especially in smaller
diameter lines
If you travel too far up the line, enough debris could be
dislodged that the nozzle can’t move downstream fast enough
resulting in a stoppage

High Velocity Cleaner - Safety

The exact distance the cleaning nozzle has moved forward
must be known at all times
Regularly check to ensure that the nozzle is threaded
securely onto the skid or leader hose
If the nozzle detaches there will be an immediate drop in the
water pressure
While using an HVC to clear a stoppage once the nozzle
reaches the stoppage pull the hose back a few feet by
hand and let go
The nozzle will shoot forward quickly and give a pounding effect
on the stoppage

High Velocity Cleaner - Safety

Use extreme caution when operating forward spraying
nozzles
The pressure of a forward spraying nozzle can propel itself out of
the line and cause serious operator injury
If fresh soil or broken parts of the sewer pipe are washed
into the downstream manhole stop the operation
Continued cleaning could result in a large hole developing under
the street which could lead to street collapse
A bend in the line will prevent you from pulling the nozzle
back under full pressure, reduce the pressure until you
pass the bend

When clearing stoppages with an HVC avoid using the
surcharged upstream manhole as it is difficult to know that
the nozzle is secure in the invert and will not exit the
manhole under high pressure and endanger operators and
possibly damage the machine

Always use the dry downstream manhole to clear stoppages
Always be aware of what the nozzle is doing in the pipe
and be on guard for it to turn around in large diameter
pipes

Debris or pieces of pipe can cause a nozzle to flip over backward

and move back toward the operator

High Velocity Cleaner

Cleaning with a Sewer Ball

Preventive
maintenance

Spinning ball and
high velocity water
move debris
downstream
Effectively removes

grease, sand, grit
and other debris
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Cleaning with Kites and Bags

Don’t use in areas with steep grade hills (basement flooding)
Large sewers use kite, tire, or scooter instead of ball

Cannot be use in areas with protruding taps or sewers with badly
offset joints

Force mains and other larger diameter sewers, where
HVCs are not effective, require the use of kites and bags

Both are capable of washing ahead of themselves a full
pipe of deposits

Head pressure is built up upstream of the kite or bag and
the velocity of water flowing around the outside of the bag
or through the outlet of the kite will create sufficient
cleansing velocity

Equipment: water tank truck, dump truck and a power
drum winch machine

Sewer Scooter

The scooter is a self-propelled tool the uses water pressure
to effectively clean sewers at a cost that is considerably less
than other cleaning methods

The scooter is a framework on small wheels with a circular
metal shield at one end that is rimmed with a rubber
flange

The top half of the shield is hinged and controlled by a
chain-spring system while the lower half is fastened with
bolts to the front of the frame

Head pressure is created upstream of the scooter and the
flow of water around the device creates hydraulic cleaning
action while being controlled by the upper half of the
shield

Sewer Scooter

Most effective in cleaning larger lines over 18 inches in
diameter

Effectively removes grease, grit, bricks, and rock
Available in sizes from 6 - 96 inches

Equipment: Tank truck, debris traps, control lines, control
cable guide, power drum winch, scooter
Sewer up to 12 inches in diameter — hand winch

Sewers 15 inches and larger require a power drum winch and
steel cable due to the tremendous pressure of water behind the
head shield

Sewer Scooter - Operation

Sewer Scooter - Operation

o — ==

A control rope or cable is fastened to the control chain of

the scooter and the scooter is lowered into the upstream

manhole

After the head shield is inserted into the pipe, install the

lower manhole jack or control cable guide and secure firmly
This allows the control cable to take the strain without rubbing on
the sharp edge of the pipe during the cleaning operation

With the scooter inserted in the pipe and the head shield

raised it will act as a plug and a head of water will begin

building up in the manhole

The water level in the manhole is controlled by pulling

firmly on the control line to lower the head shield and allow

water to pass
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Sewer Scooter - Operation

At the start of the operation test the folding mechanism
by giving the control line a short, smooth pull back 2 or 3
ft

If the buildup of water in the manhole in the upstream manhole

starts to go down, you know the folding mechanism is working
Allow the scooter to work its way downstream, keeping
steady tension on the control line to maintain a
continuous flow of water and a smooth cleaning
operation

Attention must be given to the amount of water in the
manhole above the invert, the best cleaning action results
when the depth of water in the manhole is three times the
pipe diameter

Scooter cleaning efficiency increases as the pipe diameter
increases due to the increase in head pressure which
increases the high velocity flow around the head shield

If the flow in the sewer is insufficient for effective cleaning, then
additional water can be added from a tank or hydrant

If the scooter slows or stops during the operation this is
usually due to a build up of material in front of the scooter
To clear the material, give the control line a short, smooth pull
back of 4 or 5 feet allowing the top half of the shield to fold back

and a surge of water will be released to flush the accumulated
material downstream

Flushing Operation

TANK  TRUCK

FIRE HYDRANT

Flushing Operation

May control odors at beginning of sewer where low flows
may lead to solids accumulation

May also control insects and rodents in sewer
Also used with mechanical cleaning (bucket machines &
power rodders)
Air gap device needed if hydrant used as water source
Safety considerations:

Traffic

Atmosphere in manholes (toxic & explosive gases)

Avoid flooding of houses &
businesses

Mechanical Cleaning

Power Bucket Cleaning

Mechanical equipment that scrapes, cuts, pulls, or

pushes material out of pipe o
Bucket machines
Power rodders
Hand rodders
Porcupines
Swabs

Swabs or poly pigs /

Porcupines are used to
scour pipe walls of
hardened debris, roots,
& grease
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Power Bucket Cleaning

Power Bucket Cleaning

Provides means to clean larger sewers
Final cleanup using porcupine to scrub sewer line

May require hydraulic cleaning afterwards to remove
smaller debris (sand, grit)

Working machine located at the upstream manhole
when cleaning debris from large lines

Always pull porcupine downstream to avoid sealing off
the line and causing the sewer to back up

Power bucket machines are an excellent maintenance
tool for removing large amounts of debris from the
sewer, especially in large lines
In smaller sewers with lower flows, the working
machine is usually located at the downstream manhole
Working from this manhole reduces the possibility of a
stoppage developing in the sewer below the work area
Often the working machine is located at the upstream
manhole when clearing debris from larger lines

Bucket Machine Maintenance

Bucket Machine Equipment

Proper lubrication cable scroll and level wind system
Inspect belt and chain tensions

Inspect gear clearance

Watch for frayed cable

Watch for loose cable clamps

2

Power Rodder

Power rodding machines use a steel rod to push or pull
various clearing tools through sewers

Used for:
Routine preventive maintenance
Scheduled clearing of grease deposits, roots and debris
accumulations in flat lines
Threading cable for CCTV inspection and bucket machines
Emergency use for clearing stoppages

One of the most widely used methods for f F’ g

clearing collection systems L

?

Power Rodder

Can perform tasks that are difficult with hydraulic
cleaning methods such as heavy root removal, grease
and grit deposit removal and stoppage relief
Power rodders do not remove silt, sand and sludge as
effectively as hydraulic cleaning methods
After clearing a sewer with a power rodder it should be
cleaned hydraulically to restore the line to full capacity
Due to the tendency for rods to bend or coil in large
diameter pipes they are most effective in pipes that are
15 inches in diameter or smaller
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Power Rodder

Power rodders are typically classified as either sectional
or continuous type machines

Both types of machines are effective in clearing sewer
lines up to 15 inches in diameter and up to distances of
750-1000 feet depending on the diameter of the rod

Power Rodder — Continuous

Continuous power rodders are designed to use a single
continuous rod
Continuous rod diameters given in decimal form
Most common rod diameter sizes are 0.312 inch,
0.375 inch and 0.401 inch iy =
Rod storage is usually between
1000 and 1500 feet

Power Rodder Type Differences

Section 12

Power Rodder - Sectional

Sectional power rodder is designed to use sections of
rod that are mechanically attached to each other
Industry standard refer to sectional rod diameter sizes
in fractions
Rod size can be either a 5/16 or 3/8 inch diameter
Available in lengths of 36 inches, 39 inches and 48
inches
Capable of clearing lines effectively in diameters up to
12 inches and distances up to approximately 750 feet

Power Rodder Type Differences

Continuous rodding machines are quickly and easily
loaded, while loading a full sectional reel may require
several hours of coupling all of the sections together

Sectional rods are pushed through the drive head by a
positive drive, but continuous rods are pushed by roller
that can slip and cause wear

Continuous rodders cover longer distances and are less

likely to break than sectional rodders due to the transfer

of torque down the continuous length of the rod
Sectional rod couplings and nuts can work loose or increase
friction

Power Rodder Type Differences

Continuous rods must be cleaned as it passed through
the drive rollers to prevent damage and wear, but
sectional rods are more forgiving
Both types should be cleaned as they are being retrieved to
prevent grit from entering the roller system
Repairs to a broken sectional rod can be made quickly in
the field, but a continuous rod break is difficult to repair,
and the broken section must be discarded resulting in a
reduction in the operating length

The broken end of the continuous rod cannot be reused
and the remaining portion on the reel may be too short to
use effectively resulting in the replacement of the entire
reel

A broken continuous rod is also more difficult to retrieve
than a broken sectional rod because there are no
couplings for the pick-up tool to grab

Pick-up tool

Sectional steel rod

Used to push or pull various
cleaning tools through the sewer
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Power Rodding Tools

Square bar corkscrew
Primarily used to relieve stoppages in pipes
over 6 inches in diameter. An effective
stoppage tool due to the open structure of
the blade that allows materials to pass
through the tool

Auger

Used to pilot a hole through roots, grease and other
solids in the pipe. Primarily used in conjunction with
other tools to open a path in the line so that another
tool, such as a root saw, can be used more easily.
Effective in cleaning misaligned pipes because the
direction of rotation can be reversed to navigate bad

joints to travel to blockages
*Tool desgriptions flor Qperation and Maitenance of Wasteuarer Callections Sistents Vol . Eight Etion - Figure 11

TDEC - Fleming Training Center

Power Rodding Tools

Double point corkscrew
Used to engage and retrieve root masses, . -
cans, plastic bottles, fabrics and other solid ,—“\'{M

debris from a pipe. The double points allow AV =

the tool to bite inte material and retrieve it *; N

g -

Spring blade cutter
Used as a finishing or pull-back tool after a root saw
or auger has removed the bulk of roots or grease from
the line. The tool is installed at the manhole away from
the rodding machine and is slowly pulled backward
through the pipe at a high rotation speed. The blades
are designed to scour the pipe walls to remove the
balance of materials left behind. This tool should be
operated only while being pulled .

*Tool descriptions ffom Oz

gt Edition - Figure 511,

Power Rodding

Power Rodding Tools

Sand leader
Used to rotate and remain above sand and other
built-up deposits to thread a line with cable or
attach a different tool from the next manhole or
access point

Sand corkscrew

Used in pipes where sand has plugged the line.
The first screw portion pilots the tool into the
sediments; the second screw portion further
enlarges the access point and allows water to
enter the material to loosen it

*Tool descriptions from Qper LMaintenance of Wastewater Collections Systems Vol . Fight Egition= Figure .11,

Power Rodding Tools

Root saw ﬂ

Used exclusively to cut through root masses in the pipe
after the auger has piloted a hole in the line. Available 5 -
in many different configurations for different kinds of g
root cutting from small curtain or “veil” roots to large root TF 4
intrusions d; 4

.« d

Spearheads or boring tools

Used to break up stubborn stoppages, break glass,
pierce cans and break up packed silt, sand or
industrial debris

*Tool descrintions from Qgeration and Maintenace of Wasteuater Callections Sustems U bt Edltion = Figure .11

Power Rodding Tools

Porcupine
Used as a finishing tool to scour the pipe
after cleaning operations. This tool should be
operated only while being pulled, and it
requires a winch and tag line for safety

Pilot bullet
Used primarily on the end of the string of a rod
to guide the rod easily through the rod guide

hose. Installed after the line has been clean and
the rod is pulled back into the machine. This tool
also can be used for stoppages and threading a
cable into a pipe

~Tool descrintions from Ogeralic llectigns Systeqs Vol L Fight Fdition= Flgue 5.1
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Power Rodding Tools

Pick-up tool
Used to retrieve sectional rods that have broken in
a sewer line. Tool slowly turns and locks on the rod
coupling, allowing the string of rod to be removed

Assembly wrench
Used on the coupling nut to install and change
tools or to change sectional rod sizes

*Togl descriptions from Qperation ang Wasteuater Collections Systams Vol ot Edition - Figure .11

Power Rodding Tools

Assembly turning handle
Used to provide a firm, safe hold onthe .-
rod coupling so that the assembly wrench
can turn the coupling nut

Swivel

M Used when towing a cable through a pipe. The

swivel action allows the cable or rod to twist
independently and prevents knotting of the cable

.’..d-.-... R \
Sectional rod coupling !
Used to attach steel rods to each other g

*Tool descriptions from Operz Wasteuater Collections Systams Vol ot Egition = Figue 5.1

Power Rodding Tools

Rod guide hose

Used on all power rodders to protect and
support the rod as it travels from the
machine to the bottom of the manhole

Lower manhole brace

Used with the rod guide hose to prevent the bell
end of the hose from pushing back out of the pipe
when an obstruction is encountered. This brace
attaches to the guide hose bell and, when placed
against the opposite wall of the manhole, prevents
the guide hose from pushing out of the pipe invert

*Tool descriptions from Qperation ang Maintenance of Wastewater Collegtions Sustems Vol L Fght Egition - Figure 5,11

Tools for the rodding machine are designed to be
rotated clockwise in the pipe to clear material
Corkscrew, boring tools and augers can be rotated counter-
clockwise to back them out of the accumulated material or to
travel over misaligned joints
Corkscrew and boring tools should be rotated slowly at
about 25 RPM

Root saws need to rotate faster at 25-50 RPM

Finishing or pull back tools need to rotate at about 55-
60 RPM as they are being slowly pulled back

Power Rodder Machine Operation

Typical Power Rodder Setup

Upstraam
Mannois

| i . NotTo Seae

Power Rodder Machine Operation

Start at the top of the system when clearing a long
section of the system
Any debris lost downstream during the operation will be going
into a pipe section that you will clear next
Always test the manhole atmosphere for
explosive gases before rodding operation
because sparks from the rodding could cause an
explosion
Install a lower manhole rod guide in the manhole being
used and a debris trap in the downstream manhole
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Power Rodder Machine Operation

If the rodding machine is being set up to clear a stoppage
use a square bar corkscrew from the dry manhole, after
material has broken loose examine it to determine which
tool would work best to completely clear the stoppage

It is usually better to change a tool from the far manhole
which will save the time of removing the rod guide hose
from the machine manhole
Pull the end of the rod out of the manhole, shut off power to
the rodding machine before handling, replace the tool, wait
until the new tool reaches the invert before turning power back
on

Power Rodder Machine Operation

To remove grease: small auger = pipe sized auger

Select an auger that is one size smaller than the pipe and
run it upstream to the far manhole

At the upstream manhole change to an auger that is the
same size as the pipe and pull it back to the machine
You could run the rod back to the upstream manhole and
switch to a finishing tool to pull back through for a final cleaning
A good practice is to flush the line after grease removal
by using either an HVC or flush from an upstream hydrant

Power Rodder Machine Operation

The tool will usually stop rotating when it engages
material and if you do not back off the rod will twist into a
loop and continue to coil, this is called over torque

Never handle a rod when it is under tension

Twisted rods are very dangerous and need to be treated
carefully

To increase the effectiveness of a clearing operation in
areas of low flow, add additional flow from the upstream
manhole

Flow in the section of sewer being cleared is essential for
cooling the rotating tool and flushing removed debris

To remove roots: auger =» root saw =» finishing tool

Select an auger that is one size smaller than the pipe and
run it upstream to the far manhole

The root saw can be the same size as the pipe and is
slowly pulled downstream at a high RPM

Run the saw back up to the upstream manhole and
change to the finishing tool (Ex. spring blade cutter) and
slowly pull it back downstream at a high RPM

Power Rodder Machine Operation

Properly place the rodding machine so that there are no
bends in the guide hose

When a rod is forced to stay in one place in a severe bend it will
heat up as it is rotated, when the hot metal reaches the cool
water, it can be damaged resulting in likely spot for the rod to
break

The forward pressure on the rod should be limited to 350
pounds

Too much pressure may make the rod bend in the pipe and
break or reverse itself causing a tangle

Recovering Broken Rods

When a rod breaks begin recovery by measuring the
amount of rod pulled back to determine the approximate
location of the broken rod

For sectional rods remove the broken half at the coupling
and install the pick-up tool to recover the rod remaining
in the line, then couple the two rods together again

Continuous rod breaks are far more difficult because the
tool coupling is also lost in the line and a new one will
need to be fashioned, then the pick-up tool can be used
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Poly Pig

Poly pigs, also called pigs or swabs,
are a common method of cleaning
force mains

A poly pig is inserted into the main
and pushed through the pipe by
pressurizing behind the pig
Poly pigs are available in various
densities and surface coatings for
different kinds of cleaning
Ice is also currently being used — Ice s
pigging

&

Types of swabs and pigs

The capacity in a force main is reduced when slime builds
up on the walls of the pipe or when solids settle in the
invert

As the poly pig is forced through the main it scours the
pipe wall clean to regain full capacity

Poly Pig %

A launching or entry point must be available to insert the
poly pig and an access point at the end of the force main
is needed to retrieve the poly pig after the operation

Poly pigs are flexible enough that they can usually
negotiate around corners and bends
Obstructions in the force main such as a butterfly valve will
cause the pig to become stuck
Carefully review as-built drawings of the line to clean to avoid
any obstructions
Poly pigs can be equipped with a radio beacon device which
allows operators to track its progress through the pipe

Ice Pigging

Chemical Application

Chemicals can be useful aids for cleaning and

maintaining collection systems | Review the sps
First!
. 1
Chemicals can bg used to control roots, ) I Donotmix |
grease, rodents, insects, odors and corrosion 1 CL;JZ,;:?WF I
[e]
Chemicals will not immediately clear stoppages -==o
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Root Control

Roots are drawn to sewer lines by vapor trails that escape
into the soil through very small cracks in the pipe

Tiny roots enter the sewer line one cell at a time and quickly
grow by feeding on the nutrient rich environment inside

As the roots grow, they expand the cracks leading to breaks and
fill the pipe creating stoppages

Roots that grow from the top
of the pipe are called “veils”
and catch passing grease and
debris, creating a blockage

Power rodders are most effective method to remove
roots using root saw

Chemical root control agents applied by flooding or
foaming destroy existing roots in sewers and can
prevent regrowth for periods of 3-5 years

First ingredient is a fumigant that penetrates the cell waIIs of
existing roots causing decay 4

Second ingredient is a growth

inhibitor that chemically attaches
itself to the interior of the pipe g
Both are needed for good root control 2

Fats, Oils and Greases (FOG) and soaps cool, solidify and
form a coating or deposit on the walls of a sewer
creating a reduction in capacity and can lead to
stoppages

Sources: restaurants, hospitals, industries and homes
with garbage disposals

WASTEWATER

Rate of buildup depends on amount in the wastewater,
flow, velocity and sewer size
Sewers > 18 in typically have fewer grease problems

Solutions: grease-eating bacteria, power rodders, high
velocity cleaning (HVC) )

Inspect & clean grease traps as needed _ 0y

Ultimate solution is to educate :
sewer users about the problems
created by soap and FOG discharge

into sewers

Why Control Hydrogen Sulfide?

Odors from the collection systems are primarily from
the production of hydrogen sulfide (H,S) and most odor
control programs focus on reducing or eliminating H,S
production in the system

The production of H,S can be due to low-velocity flows,
long sewer lines, hlgh temperatures or poorly
maintained collection systems

Paralysis of respiratory system may lead to death of
collection system operators

Corrosion which could lead to possible collapse of the
sewer, structures and equipment

Loss of system capacity

Creates a flammable and explosive atmosphere under
certain circumstances

Most common source of odor complaints
H,S has a rotten-egg odor from the sulfur

196 Pipeline Cleaning & Maintenance




TDEC - Fleming Training Center

Section 12

Hydrogen Sulfide Production

H,S is produced under anaerobic conditions by bacteria in
the slime layer below the water line that convert sulfate
to sulfide

Anaerobic — no free oxygen available for organisms to use

The sulfide is dissolved in the wastewater until disturbed
and is then released as H,S gas which is highly dangerous
to operators and creates an explosive environment
H,S LEL (lower explosive limit) is 4.3% and UEL (upper explosive
limit) is 46%
The H,S gas is used by bacteria above the water line to
produce sulfuric acid (H,SO,) can cause severe corrosion
H,SO, is corrosive to concrete, Fe, Cu, Zn, Pb, Cd

Hydrogen Sulfide Production

Sulphide

Onidizing

Bactoria . .

508) 9 =
Biofilm

_ H.O
B i ¥
Tl
e HyS (gas) Anatomy of
corrosive slime
layer within a
typical
wastewater
system pipe

Sulphate
Reducing

Bacteria
SRB)

Factors that Contribute to Hydrogen

Sulfide Production

More on Hydrogen Sulfide

Sulfate concentration
Concentration of organic matter

Oxygen
Critical DO is 0.1 to 1.0 mg/L

Amount of slime on pipe walls
Sulfide production is faster in warmer wastewater temperatures

Lower stream velocity leads to thicker slime layer
Temperature
pH

Exposure for 2 min at 0.01% impairs sense of smell-
olfactory fatigue

Specific gravity 1.19
Maximum safe 15-minute exposure: 20 ppm (OSHA)
Greatest problem at wastewater pH <5

Solubility of Hydrogen Sulfide and Ammonia
3 4 5 6 7 8 98 10 11 12 13

A concentration of 1 ppm

in turbulent wastewater can

8
produce a concentration of £ oo 8 e
NH,

300 ppm in the atmosphere

3 4 5 6 I7 8 9 10 11 12 13
pH

Controlling Odors

Complaint Response & Investigation

Many collection system municipalities are developing and
implementing odor control plans which incorporate
measures to reduce the generation and release of odors

Odor control plans include:
Odor complaint response and investigation
Routine sewer maintenance
Chemical addition
Air withdrawal and treatment from the collection system
Sewer construction and repair
Ongoing monitoring of sewer air pressure and odor conc.

After receiving an odor complaint operators need to
investigate and identify the source

Some odor complaints are non-sewer related such as standing

water, stormwater catch basins or owner plumbing problems
Once identified determine and implement necessary
actions to eliminate the odor which could include sewer
cleaning, sealing maintenance holes and inspecting trap
maintenance holes for structural integrity and
functionality

Document the complaint and response, then inform the
complaining customer according to your procedure
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Routine Sewer Maintenance

Routine maintenance is necessary to allow wastewater to
flow freely in the system

Obstructions slow the flow and cause to debris to settle
out resulting in the production of H,S
Preventive maintenance includes

Sewer cleaning and root control

Trap manhole inspection and cleaning

Siphon inspection and cleaning

Sealing manholes

Chemical Methods of Odor Control

Hydrogen peroxide (H,0,) addition keeps the wastewater
aerobic and oxidizes H,S

Requires a conditioning program because the slimes are
not directly affected by normal doses of H,0,

Dose with sodium hydroxide (NaOH) also called caustic soda or
calcium hydroxide (Ca(OH),) also called lime

Lime dosage at about 8000 mg/L over 1 hour will kill the slimes
over periods of 1-14 days
H,0, Dose:
35% conc. 13-15 mg/L per mg/L H,S
50% conc. 11-13 mg/L per mg/L H,S

Chemical Methods of Odor Control

Chlorine is the most widely used chemical for hydrogen
sulfide control and lift stations are often used for injection
sites

Chlorine gas (Cl,), Calcium hypochlorite (Ca(OCl), solid;
HTH) or Sodium hypochlorite (NaOCI; liquid bleach) can
be used

Chlorine doses of 10-20 mg/L are effective in controlling
the production of H,S

Toxic to most organisms in the wastewater resulting in less
oxygen being consumed keeping it aerobic and directly
eliminating the bacteria that produce H,S

TDEC - Fleming Training Center

Chemical Odor Control Technologies

7

Chemical or “liquid phase” control technologies limit the
production of H,S by preventing sulfide from forming in
the wastewater in the system

Aeration
Pure oxygen can be injected into force mains
Injection of compressed air
Oxidizes existing sulfides in water
Prevents downstream sulfide formation (keeps water aerobic)
Cheapest chemical available - it’s free

Chemical Methods of Odor Control

Nitrate addition

Calcium nitrate (Ca(NO,),) or Bioxide® adds nitrate to the
wastewater stream and makes it available to the bacteria

Bacteria use the nitrate as an oxygen source before sulfate in
anaerobic or anoxic water conditions resulting in less H,S
being produced

Masking agents
Overpower the odor
Do not correct the problem

Chemical Methods of Odor Control

Sodium hydroxide (NaOH) Iron salts

Periodic treatment to
inactivate bioslime

Increase pH to > 12.5 for 30
min

Safety considerations while
handling

NaOH concentration is
typically 3-6 % and care must
be taken not to overfeed

React with dissolved
sulfide to form metal
precipitate to prevent
release of H,S to air
Corrosive acid solution
Storage tanks for iron

salts must be fiberglass
or steel lined with rubber
Pipes must be PVC
Pumps must be plastic or
rubber-lined to prevent
corrosion
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Chemical Methods of Odor Control

Thiobacillus

Magnesium hydroxide (Thioguard®) y
Raises WW pH>8, so sulfide is not produced /-

Binds up sulfide in solution forming
magnesium polysulfide

Adds alkalinity
Nonhazardous & environmentally safe

Y Acid Attacks r%n.
Concrete

;S + 0, = H,S0,

o
Magnesium

Improves treatment plant performance hvdroxide also sprayed on
Controls odors crown to stop corrosion
Addition of alkalinity aids nitrification ave:s?

Cationic-improves sludge settleability and |
removal of TSS and BOD

Air Treatment and Air Flow Control

Air is introduced into a bed
of compost or peat (media)
Bacteria living in media
biologically oxidize odors
Other odors captured by

media are chemically
oxidized

4 Left: Biofilters can
treat odors in air
vented from sewer

Right: Manhole
insert can treat
odors at one
manhole

Section 12

Air Treatment and Air Flow Control

Conventional carbon adsorption system, scrubbers

Odorous air is directed through a vessel containing activated
carbon

Hydrogen sulfide, other reduced sulfur compounds and volatile
organic compounds (VOCs) are attracted to and adhere to the

pore structure of the carbon and ar d from the air
stream ‘ ‘

Relieves the air pressure
in the system while preventing
the release of odors
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Cleaning & Maintenance Vocabulary

—

Air Gap 10. Mechanical Cleaning
. BOD 11. Pesticide

Balling 12.  Porcupine

Bucket 13. Rod

Flushing 14. Rodenticide
High-Velocity Cleaner 15. Scooter

Hydraulic Cleaning 16. Sewer Ball
Insecticide 17. Swab

Kite

N

w

>

WwWooN W,

>

A machine designed to remove grease and debris from the smaller diameter sewer

pipes with high-velocity jets of water.

Clearing pipe by using equipment that scrapes, cuts, pulls or pushes the material

out of the pipe. These include bucket machines, power rodders and hand rods.

A sewer cleaning tool the same diameter as the pipe being cleaned. The tool is a

steel cylinder having solid ends with eyes cast in them where a cable can be

attached and pulled by a winch. Many short pieces of cable or bristles protrude
from the cylinder to form a round brush.

A method of hydraulically cleaning a sewer or storm drain by using the pressure of

a water head to create a high cleansing velocity of water around the ball.

Any substance or chemical formulated to kill or control insects.

A sewer cleaning tool whose cleansing action depends on the development of high

water velocity around the outside edge of a circular shield. The metal shield is

rimmed with a rubber coating and is attached to a framework on wheels. The
angle of the shield is controlled by a chain-spring system that regulates the head of
water behind it and thus the cleansing velocity of the water flowing around the
shield.

A special device designed to be pulled along a sewer for the removal of debris from

the sewer. It has one end open with the opposite end having a set of jaws.

H. A spirally grooved, inflatable, semi-hard rubber ball designed for hydraulic cleaning
of sewer pipes.

I. Any substance or chemical designed or formulated to kill or control animal pests.

J. Acircular sewer cleaning tool almost the same diameter as the pipe being cleaned.
As a final cleaning procedure after a sewer line has been cleaned with a porcupine,
this is pulled through the sewer and the flushing action of water flowing around the
tool cleans the line.

K. An open vertical drop, or vertical empty space, between a drinking (potable) water
supply and the point of use. This gap prevents backsiphonage because there is no
way wastewater can reach the drinking water.

L. Any substance or chemical used to kill or control rodents.

w

O

o

i m

9
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M. Cleaning pipe with water under enough pressure to produce high water velocities
using: a high-velocity cleaner; a ball, kite or similar sewer cleaning device; a
scooter; or flushing.

N. A device for hydraulically cleaning sewer lines. Resembling an airport windsock and
constructed of canvas-type material, it increases the velocity of a flow at its outlet
to wash debris ahead of it.

O. The removal of deposits of material that have lodged in sewers because of
inadequately velocity of flows. Water is discharged into the sewers at such high
rates that the larger flow and higher velocities are sufficient to remove the material.

P. A light metal rod, three to five feet long with a coupling at each end. They are
joined and pushed into a sewer to dislodge obstructions.

Q. Biochemical Oxygen Demand. The rate that organisms use the oxygen in water or
wastewater while stabilizing decomposable organic matter under aerobic conditions.

Cleaning & Maintenance Questions

1. What are the major causes of stoppages?

2. What is the most effective method of removing grease buildups?

3. How can a stoppage caused by roots be cleared?

4. List three sewer line hydraulic cleaning methods.

5. What kinds of deposits in sewers can be removed by balling?

6. Where is the additional water obtained to provide the necessary head for a balling
operation when flows in the sewer are low?
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7. What are the uses of high-velocity cleaning machines?

8. Where should you start to clean the sewers in a given area or subdivision?

9. Which direction does the nozzle travel in the sewer?

10.Scooters can be used to remove what kinds of material from sewers?

11.How are force mains often cleaned?

12.Identify two sewer line mechanical clearing techniques.

13.What is the purpose of the porcupine tool?

14. Chemicals can be used to control what types of problems in wastewater collection

systems?

15.What are the causes or sources of grease problems?

16.What problems are created by the presence of hydrogen sulfide?
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17.What are the sources of hydrogen sulfide?

18.What are three potential methods of chemical control of sulfide?
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Answers to Vocabulary and Questions

Vocabulary:

1. K 5 0 9. N 13. P 17.]

2. Q 6. A 10. B 14. L

3. D 7. M 11. 1 15. F

4. G 8. E 12. C 16. H

Questions:

1. Major causes of stoppages include obstructions such as roots, grease, debris, broken
pipe or joint failures. Vandals, construction work, forces of nature and intersecting
flows can also cause stoppages.

2. High-velocity cleaners are effective tools for removing grease buildups in sewers up
to 15 inches in diameter. A parachute or bag may be a better method for larger
diameter sewers.

3. A stoppage caused by roots can be cleared by either a power rodder or a hand
rodder. A high-velocity cleaner is also effective with a special head and proper
operation.

4. Balling, high-velocity cleaner, flushing, sewer scooter, kites, tires and poly pigs

5. Deposits of grit and grease

6. Fire hydrants or water truck

7. Open stoppages, remove grease, clean lines of debris and wash manholes and wet
wells

8. Start at the top or highest point in the collection system.

9. Direct nozzle upstream

10.Large objects such as brick, sand, gravel and rocks

11.Poly pigs are frequently used

12.Bucket machines, power rodders and hand rods

13.Final cleanup since the bristles produce a scrubbing action.

14.Chemicals can be used to control roots, grease, odors, corrosion, rodents and

insects.

15.Restaurants, industries and homes with garbage disposals
16.Paralysis of the respiratory center and death of operators; rotten egg odor;

corrosion and possible collapse of sewers, structures and equipment; loss of
capacity of the sewer

17.Hydrogen sulfide comes from the reduction of sulfate to sulfide by bacteria in the

slimes on sewers under anaerobic conditions.

18.Chlorine compounds, hydrogen peroxide, iron salts, air, sodium hydroxide,
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magnesium hydroxide, nitrates.
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Underground Repair

Why Repairs are Needed

Poor construction practices — collapsed and damaged
pipe may be the result of incorrect construction methods
(bedding & backfill), use of improper or poor-quality
materials, or other nearby excavation work

Offset joints and sagged pipe can be caused by using
improper pipe bedding or backfill

Joints may also become offset due to heavy traffic
loading, seismic activity or dramatic changes in
groundwater elevations

Corrections to offset joints and sags involve point repairs
or open-cut replacements

Why Repairs are Needed

TDEC - Fleming Training Center

Why Repairs are Needed

Repairs to sewer lines, laterals, and manholes are
necessary to correct damage, deterioration or to remove
and obstruction. The causes of the problems result
from:

Poor or outdated system design or layout —
deterioration could occur due to conditions that could
have been prevented during the design phase

Wrong pipe materials for the loading conditions

Blind connections with no manhole

Why Repairs are Needed

Improperly connected or defective taps can prevent sewer
lines from functioning properly
Protruding and misaligned taps can cause a restriction in
flow, build up of material and could prevent inspection
and cleaning equipment from passing through
Hammer (break-in) taps and illegal taps can weaken the
pipe structure and create
openings for roots, debris
and water to enter the
system
Often result in fill material
entering into the main line
and causing future problems

Why Repairs are Needed

Repair of a protruding tap may require the section
of line to be removed, replaced with a new
section, and reconnected to the building sewer
Some protruding taps can be

) Protruding
removed by a mechanical tap cutter
cutting tool

Protruding taps can be avoided by cutting

the hole in the main line and installing ’

a proper saddle tap

Saddle
tap

Damage caused by others — outside utilities, contractors,
plumbers and other parties can damage sewer mains,
laterals, manholes and other structures

Sewer mains and laterals can be pierced by horizontal
directional drilling equipment during the installation of gas
lines, fiber optic cables, installation of signs, fence posts,
telephone poles and guide wire anchors

Cross bore —when and existing utility or underground
structure intersects with a secondary g

utility which compromises
the integrity of the utilities
or structures
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Why Repairs are Needed

Aging infrastructure — typical problems found are roots,
offset joints and sags

Many collection system repairs result from a system failure
or disruption

A utilities inspection and preventative maintenance crew
may also discover problems during routine work

Once a repair need has been identified, a work order is
generated detailing all the important information about the
repair; person generating request, priority, map, manhole
info, pipe size and depth, distances from manholes, work
requested

Repair Job Planning

Utilities will send a locator to mark the approximate
location of buried utility lines — different color paints are
used for different utilities

All utility markings are subject to a tolerance zone which is
a horizontal space from the outside wall or edge of an
underground line or pipe that is centered from the
temporary mark

An excavator should always assume that the underground
facility could be anywhere within the tolerance zone on either
to have all utilities marked and

side of the temporary mark :
ensure other utility lines are not Know what's below. @

It is the operator’s responsibility
damaged Call before you dig.

Sewer Main Line Repairs

Section 13

Repair Job Planning

Proper planning ensures the safety of personnel and the
proper execution of the repair work. Job planning should
include:

Site visit — done by supervisor or crew leader prior to starting the
job to confirm site location, access issues, traffic control needed,
utilities in the area (overhead & underground), equipment and
tools needed, required safety equipment and private property
considerations

Utility locating (Call 811) — any job involving digging requires
contacting all utilities with underground infrastructure and
requesting for them to identify and

physically mark the locations é
Contact is done through local
One Call Centers (811) Know what's helow.

Call before youdig.

Repair Job Planning

Other plan elements include a traffic control plan,
bypass pumping plan and a public relations plan

Environmental considerations

Care must be taken to minimize runoff from your excavation
spoils by immediately hauling off the spoils or by placing them
so that runoff cannot enter a stormwater system or stream
Asbestos cement (AC) pipe, also called transite pipe, must not
be cut, drilled, or crushed as harmful asbestos fibers may be
released into the air and cause a risk to utility workers and a
public health risk

National Emission Standards for Hazardous Air Pollutants

(NESHAP) regulates work with AC pipe — created by the EPA

under the Clean Air Act

Sewer Main Line Repairs

Main line repairs are required when a sewer line
repeatedly shows partial or complete stoppage of
flow

Partial stoppages may only require a mechanical or
hydraulic cleaning

Examples: broken and collapsed pipe, pipe with
deep sags, severely offset joints, and shifted service
line connections

The following describes the procedures for repairing a 2 ft
section of 8-inch-diameter main line that is located under
the roadway
Most small-diameter pipeline of different materials will
have a very similar process

The preliminary field investigation has been completed
including; site visit, utility locating, marking of the repair
area, notifications sent to nearby businesses and
residents

All safety considerations have been made (PPE) and
temporary traffic control has been set up
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Cutting Pavement

Repair crew members verify the repair locations by measuring
the distance from the designated manhole
The distance from manhole to manhole and other important
distances are measured to verify the repair location
Repair crew marks off the area of the pavement to be cut with a
chalk line
An air compressor and a pavement breaker are used to cut the
pavement
The upstream and downstream manholes are opened, and the
flow is recorded as well as the depth to the top of the pipe
These depths will tell the backhoe operator approximately
how deep to excavate

Repairing the Pipe

TDEC - Fleming Training Center

Excavating the Repair Area

The backhoe operator removes the road surface,
subbase rock and soil down to about 2 ft and loads it into
a dump truck for disposal

During the excavation the soil is observed for any change
in texture or other signs that could indicate the presence
of cross trenches or other underground utilities

The spoil pile of excavated material to be reused after
the pipe repair is kept at least 2 ft from the edge of the
trench — 4 ft is recommended.

The backhoe operator excavates until reaching
approximately 6 inches above the sewer main line being
careful to avoid damaging the main

Repairing the Sewer Pipe

After shoring is installed and the trench is determined to be
safe a ladder is secured in the trench and is left there as
long as anyone is in the trench

All hand tools are lowered into the trench by rope to
provide control and avoid injuries from items falling on the
operator in the trench

The operator uses a shovel to dig alongside the pipe and to
dig under the main line about 1.5 ft in each direction around
the pipe length to be replaced

Wastewater flow can be bypassed around the section using
plugs and pumps, but care must be taken not to surcharge
into the surrounding homes and businesses

Repairing the Sewer Pipe

Before cutting the pipe, the operator in the trench must wear all
proper PPE including safety glasses, steel-toed rubber knee-high
boots, gloves and an atmospheric alarm unit to monitor for any
dangerous gases building up from motorized equipment or
wastewater

Plastic pipe can be cut with either a hand saw or a portable
concrete saw, but concrete pipe must be cut with a concrete saw

The pipe is cut at approximately 1 ft from each side of the break
in the main line

The operator wraps the cutter around the main and cuts the
pipe two or three times at both locations

This is necessary to prevent the undamaged pipe from chipping or
cracking when the damaged section of the pipe is broken free

Repairing the Sewer Pipe

A miner’s pick is used to break out the damaged pipe and the
pieces are removed using a bucket and a rope

After the operator inspects the pipe in both directions from the
cut, the distance between the cut ends is measured

The replacement section of pipe is cut %-inch shorter than the
measured distance to leave %-inch gap at each end of the repair
section to provide room for the centering stop of the band
couplings

The pipe used for repair does not have to be made of the same
material as the original pipe

Band couplings are available to connect almost all pipe material
combinations and help align and to center the pipes with each other

Bedding material is lowered into the trench, and it is
placed in the void under the pipe with enough room at the
cut ends to slide the band couplings around the existing
main line

The band couplings are centered on the new section of
pipe and the ends are marked

The couplings are lubricated as per the manufacturer’s

instructions and then they are slid completely onto the
new pipe so that the ends are flush or even
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Repairing the Sewer Pipe

Section 13

Bedding, Backfilling
and Compaction

The new section is lowered in line with the existing ends
and the couplings are slid over the existing ends to the
mark

The coupling’s center stop should drop into the %-inch gap

If the couplings do not seat, the pipe section is rotated until it

does
The stainless-steel bands on the couplings are tightened
using a special torque speed wrench designed for that
coupling

If the wrong wrench is used, the pipe or bands can be damaged

Trenchless Repairs

The bedding material is moved into place by shovel and

compacted until it completely covers the pipe by 6 — 12 inches
Controlled density fill (CDF) may be used above the bedding in paved
areas because it does not require compaction and will not settle over
time

The dump truck fills the trench with road rock to a level about 1

foot above the pavement and then rolled over until even with

the pavement

A pneumatic tamper is used to compact the road rock to 1 or 1

% inches below the pavement level

The work area is cleaned up and the repair area is closed off by

barricades with flashers until the paving crew can complete the

patch job

Trenchless Repairs

Trenchless repairs allow the entire pipe section to either
be replaced or lined with minimal disruption to the ground
surface above the pipe

Trenchless repairs include
Cured-in-Place Pipe (CIPP)
Slip Lining
Pipe Bursting
Grouting
Spray-on Liners

Chemical Grouting

Desirable characteristics of grout are:
Resistant to organic solvents, mild acids and alkalis
Returns to shape after deformation
Non-toxic when cured
Not rigid or brittle when exposed to freeze/thaw conditions or
arid conditions (dry)
Non-corrosive and no neurotoxin ingredients

Two basic groups: Gels and Foams

Chemical grouting is the most widely used method for
sealing leaking pipe joints and for sealing
circumferential cracks

Not used for collapsed pipe sections or broken pipes
Grout sealing is used in areas unsuitable for excavation
and also used in new construction to pass acceptance
testing
Grouting can be used in the repair of main line sewers,
pipe joints, lateral sealing, manholes, wet wells, lift
stations and can also be used for soil stabilization
around effected areas

Chemical Grouting - Foam

The foam grout forms in place as a gasket and cures to a
hard consistency, but retains a rubber-like flexibility

The seal takes place in the crack or joint and there is only
minimum penetration outside the pipe to infiltrate the soil
surrounding the area

The grout is injected directly into a leaking crack, fracture,
hole or joint and will expand to fill the void resulting in a
tight, impermeable, elastomeric seal

Foam grouts are more suitable for use if there are
significant voids outside the joint area

Generally, foam grouts are more expensive, more difficult
to install and have a significantly longer cure time than gels
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Chemical Grouting - Gel

The gel grout is made to

penetrate outside the pipe

and to infiltrate the

surrounding soil ‘
The mixture cures to an Lateral—
impermeable condition

around the effected area é\

\\\ wmlom - Lateral Packer
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Chemical Grouting Procedure

The area to be grouted must be clean of grease, debris and
roots

Mechanical and hydraulic cleaning must take place before grouting
procedure begins

The surrounding pipe must
not have significant
deterioration that
would interfere with
the sealing of the
packer or suffer more
damage from the
pressure of the packers

Chemical Grouting Procedure

Chemical Grouting Video

1. Locate the repair area with CCTV
2. Pull the packer into position, center the repair area

3. Inflate the packer sleeves until a seal is formed against
the inside of the pipe

4. Air test the repair area

5. If the area fails the air test, pump the grout and catalyst
solutions under pressure into the void between the
inflated sleeves and into the soil if a gel grout is used

6. Inflate the packing element to force the sealing material
into the defective area

7. Hold the packing element in the inflated position until the
area is cured

8. Deflate the packer sleeves and move the packer to the
next area

Chemical Grouting — Alternative Methods

In large-diameter sewers, pressure grouting is
accomplished using pipe grouting rings or predrilled
injection holes.
An operator manually places the ring over the joint and inflates
it to isolate the area
Sealing grout is pumped into the small void between the pipe
wall and the ring

After the grout cures, the sealing ring is removed and used on
the next joint

Chemical Grouting — Alternative Methods

The probe injection method uses a hand-held probe but
no sealing rings

This method can be applied to manhole repair
Holes are drilled into or area

Grout is pumped directly into the area with hand-held
probe
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Chemical Grouting Procedure

Section 13

Manhole Repairs

Manhole Repairs

»Manholes must be maintained and kept in good
working condition to enable maintenance personnel to
easily access the system

»Manhole frames and covers should be secure and the
top should be at the same grade as the surrounding
street

»Manholes can be elevated so they are above the high-water
mark in a floodplain or in unimproved easements

»Manhole cones and barrels must be free from cracks
and damage from corrosion

Raising Manhole
Frames and Covers

»Bottom flow channels should be smooth with shelf
areas located above the flowing wastewater and sloped
to prevent debris from becoming trapped during
surcharge conditions

» Carefully inspect the entire manhole and look for:
»Structural failures
»Cracks
»Missing bricks or mortar
»Signs of corrosion
»Condition of trough, benches, and channels
» Relative elevation of the manhole cover

Raising Manhole

Frames and Covers

~Site needs to be prepared
» Obstacles need to be removed (shrubs, fencing, etc.)
~Lid needs to be exposed
» Atmospheric testing

»Determine how far the manhole should be raised
»Use a straight rod or a 2 in X 4 in board
~Use a level to be sure that the rod is parallel to grade
~If the distance is 3 inches or more, a grade ring should be used

»Two common sizes: 3 inches and 6 inches and 4 inches
wide

Raising Manhole
Frames and Covers

» After resetting the frame, the grade ring will bring the lid
to desired height

~If the manhole needs to be raised more than 3 inches,
some utilities prefer to excavate down to the manhole
barrel and raise the barrel

» Attempting a confined space entry into a 2-ft diameter
manhole for an extended distance is very difficult
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Repairing Manhole

Bottoms & Inverts

After all safety precautions have been taken, the
manhole must be thoroughly washed from the casting
down to and including the bottom
This will clear the walls of roots, mud, grease, debris and
pests
An operator will enter the manhole and inspect the
casting, grade rings, cone and barrels for seepage,
deterioration and cracks

The condition of the channel is inspected to determine
what actions are needed to correct flow or leakage
problems

Repairing Manhole

Barrels

Available techniques to repair cracks or leaks include:
Patching — usually done during adverse or wet conditions,
requires a quick-setting concrete
Grouting — uses a quick-setting cementitious grout that is
hand applied or sprayed over the surface
Lining — involves installing a liner into the manhole structure
or applying a sprayed lining material inside the manhole barrel

Drop Lines in Manholes

A service lateral that enters a manhole at a higher
elevation than the main flow line or channel causes
corrosion, odors, splashing, and difficult working
conditions Outside Drop Line Inside Drop Line
Connection Connection

These higher elevation
discharges are usually
required to be connected
using an inside drop pipe

The most common type of
pipe used for inside drop
lines is PVC SDR 35
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=
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Repairing Manhole

Bottoms & Inverts

Problems encountered at the bottom of manholes range
from having no concrete bottom to improperly constructed
channels

Improperly constructed channels:
Flat bottom
Basin bottom
Low inflow invert elevation

High outflow invert elevation — causes a sump or backwater
problem

Repairing Manhole
Barrels

Drop Lines in

Manholes

An inside drop line
connection consists of a tee
attached to the incoming
pipe that sits flush against
the manhole wall with a
length of pipe that runs from
the tee to the manhole
bottom and a 90-degree
elbow to direct the flow into
the channel at the correct
angle
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Drop Lines in

Manholes

If possible, a sewer line should be connected to a
sewer main when it is constructed; however, if the
service line must discharge directly to the manhole,
then an outside drop line should be used
Inside drop lines
are more
economical after
the collection
system is
constructed and
in operation
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Underground Repair Vocabulary

1. Angle of Repose 6. Hydrophobic
2. Annular 7. Sheeting

3. Cross Braces 8. Spoil

4. Gunite 9. Stringers

5. Hydrophilic 10. Vacuum Test

Having a strong affinity (liking) to water.

Solid material, such as wooden 2-inch planks or 11/s —inch plywood sheets or metal
plates, used to hold back soil and prevent cave-ins.

The angle between a horizontal line and the slope or surface of unsupported
material such as gravel, sand or loose soil. Also called the “natural slope.”
Horizontal shoring members, usually square, rough cut timber, that are used to
hold solid sheeting, braces or vertical shoring members in place. Also called
wallers.

Shoring members placed across a trench to hold other horizontal and vertical
shoring members in place.

Excavated material such as soil from the trench of a sewer.

Having a strong aversion (dislike) for water.

A testing procedure that places a manhole under a vacuum to test the structural
integrity of the manhole.

A ring-shaped space located between two circular objects. For example, the space
between the outside of a pipe liner and the inside of a pipe.

A mixture of sand and cement applied pneumatically that forms a high-density,
resistance concrete.

Underground Repair Questions

Why might a sewer line have to be dug up?

Why should other utility companies be notified before any excavation?

Why are sewer repairs sometimes necessary?

Underground Repair
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Answers to Vocabulary and Questions

Vocabulary:

1. C 5. A D
2. 1 6. G 10. H
3. E 7. B

4. ] 8. F

Questions:

1. Sewer lines may have to be dug up because they are damaged, blocked, or to
retrieve equipment stuck in the line.

2. All utilities in an area should be contacted before excavation so other underground
utilities will not be damaged and possibly cause a serious injury (from electric shock
or a gas explosion) to operators, the public or property.

3. Wastewater collection system repairs are necessary to correct damage to sewer.
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Fleming
Jraining
Center

Department of
Environment &
—_CoOnNservation

Sewer Pipeline

Rehabilitation

Why Rehabilitate?

Restore structural integrity:
Corrosion
Deterioration

Damage from stress & live
loads

Control excess I/1 during
rainfall or high groundwater

Techniques to Determine Sewer
Condition

TDEC - Fleming Training Center

Sewer Pipeline Rehabilitation

Cured in Place Pipe Sewer System
(CIPP) Evaluation

Fold and Form Excavate and Replace

Pipe Bursting (S:“vllroll:lti.ng
iplining

HDPE pipe sliplining job shown

Sewer System Evaluation

Helps reduce hydraulic load to sewer and treatment
facility. I/l causes:

Increased treatment costs

Bypassing of untreated wastewater

Structural failure weakened collection system

Primary tool for identifying high I/1: flow monitoring

Excavate and Replace

CCTV: most effective method to identify & quantify
defects

Pipe flow tests
Computer flow models

Visual inspection
Smoke tests- quick, inexpensive
Dye testing
Lamping

Oldest and most common method
Corrects misalighnment of pipe

Sometimes only method if defect is severe
Should be considered on every job

Exfiltration may contaminate groundwater used as
drinking water source
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Excavate and Replace Common Construction Problems

Traffic disruption much
) ) longer than with other
Increases hydraulic capacity methods.

Repair bad service connections Restoration includes
paving, driveways,
sidewalks, fences,
Removal incidental I/I landscaping.
Stop exfiltration Often more expensive, too.
Other issues:
Shoring
Excavation dewatering
Noise

Same problems apply as with all new construction.

Eliminate sources of stormwater entry

Internal Sealing Chemical Grouting

Internal sealing is effective when the sewer line to be repaired Most widely used method to seal leaking joints and
has cracks and leaking joints circumferential cracks

Remove roots and grease first

Dig up joint or do low pressure air test to determine
success of chemical grouting

Sliplining Sliplining Features
New liner of smaller diameter placed inside existing pipe Insertion pit required for segmented & continuous
Not completely trenchless as insertion pit must be dug Reduced pipe diameter
Continuous (shown): 40 ft sections butt-fusion welded Not well suited for small diameter pipes

Also segmental and spiral wound

. Requires little technical skill
Laterals reconnected by remote-cutter or excavation

Excellent corrosion resistance
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Spiral Wound Sliplining Process

Spiral Wound Sliplining Process

»Annular space is grouted to prevent leaks and provide
structural integrity

| ioe Hehahiltation

»Spiral wound pipe with interlocking edges to connect

segments s i 'I-.|
PIL LT 4 * ﬂ'l“ |

éic« What HLE;S:]:&BI Wound lezrs'-‘F
— : :

Strips of liner are
placed into pipe
and locked togather

Cured-in-Place Pipe (CIPP)

Cured-in-Place Pipe (CIPP)

» Pipe is cleaned and CCTV > Flexible fabric liner coated with thermosetting resin
inspection is done »Each sock is custom made for specific job
»Custom made felt tube is ) ¥ Wator pressure propels »Keep <40°F and out of direct sunlight
R ) £ inverted Insituform® tube i i
impregnated with P Hot water circulates and cures »Heat may cause resin to react and begin to harden
. . 1 Insituform® tube . . .
thermosetting resin ! : » Ends ars cut »UV light deteriorates material

» Laterals are opened i o

»~Weight of water pushes
tube into damaged pipe &
turns it inside out

» Laterals are cut internally

CIPP Features

Cured-in-Place Pipe (CIPP)

rPipe inverted with water (ShOWn) or air ~No grouting or excavation required
» Laterals are reconnected with robotic cutter positioned ~New pipe has no joints or seams
and controlled by operator watching TV monitor

~ Laterals easily found since line was televised after cleaning . .
and prior to start of rehab project »Must allow adequate curing time

»Bypass or diversion of flow required

»~Small decrease in pipe diameter, but improved flow
capacity due to smooth surface

»~Proprietary
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CIPP Installation, Thermoset

Fold and Formed Pipe

HDPE or PVC pipe is Bypass or diversion of

deformed in shape & inserted flow required

into host pipe Laterals reconnected

Liner is pulled through internally

existing line, heated and X

pressurized to original shape No grouting or
excavation

No joint

he Leader in Trenchless
Pipeline Rehabilitation™

U-Liner® Installation

Section 14

CIPP Installation, UV

® Installation

Host pipe is thoroughly
cleaned and inspected
with CCTV

Pipe is uncoiled into
upstream manhole and
pulled through host pipe
via cable from
downstream manhole.
Pipe is cut to the
appropriate length and
manifolds are attached at
both ends

Fold and Formed Pipe

Heat and pressure are
applied to conform new
pipe to host pipe
Individual service
connections are
restored with internal
cutter. Device is remote-
controlled, video
monitored, and cuts
precisely
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Pipe Bursting

Insertion pit is excavated

Deteriorated host pipe is broken outward by means of an
expansion tool and new pipe (black) is towed behind the
bursting machine

Laterals reconnected by excavation after job is done

Pipe Bursting Features

New pipe is PE, PP, PVC or GFR

No reduction in capacity; can often upsize the new
pipe

Bypass or diversion of flow

Insertion pit required

Not suitable for all materials: can replace vitrified clay,
cast iron, unreinforced concrete, & some PVC

Pipe Bursting

TDEC - Fleming Training Center

Bursting Heads

Pneumatic (static)
head has no moving
internal parts and
expands existing pipe
through pulling

This model features a
cutter to aid in
shattering the host

pipe

Hydraulic head
pulsates

as the bursting

device is pulled

through the pipe

Pipe Bursting

Pipe Bursting
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Sewer Renewal Vocabulary

1. Annular 4. Inflow
2. Flow Isolation 5. Piezometer
3. Infiltration 6. Surcharge

A. The seepage of groundwater into a sewer system, including service connections.
Seepage frequently occurs through defective or cracked pipes, pipe joints,
connection or manhole walls.

B. A ring-shaped space located between two circular objects. For example, the space
between the outside of a pipe liner and the inside of a pipe.

C. The supply of water to be carried is greater than the capacity of the pipes to carry
the flow. The surface of the wastewater in manholes rises above the top of the
sewer pipe and the sewer is under pressure or a head, rather than at atmospheric
pressure.

D. Water discharged into a sewer system and service connections from such sources
as, but not limited to, roof leaders, cellars, yard and area drains, foundation drains,
cooling water discharges, drains from springs and swampy areas, around manhole
covers or through holes in the covers, cross connections from storm and combined
sewer systems, catch basins, storm waters, surface runoff, street wash waters or
drainage.

E. A procedure used to measure inflow and infiltration (I/I). A section of sewer is
blocked off or isolated and the flow from the section is measured.

F. An instrument used to measure the pressure head in a pipe, tank or soil.

Sewer Renewal Questions

1. What causes sewers to lose their structural integrity?

2.  What problems are common to all types of sewer construction?

3. Why should a lateral be lined?
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4. What is the oldest and most common method of sewer rehabilitation?

5. What is the most common method of sealing leaking pipe joints and circumferential
cracks?

True-False
6. Flows greater than the expected base flow can be considered to come from inflow
and infiltration sources.
True
False

7. Smoke testing is a slow and expensive method of detecting illegal I/I sources in a
sewer system.
True
False

Multiple Choice
8. The first step in defining a sewer rehabilitation program is to:
a. Analyze condition of the system
b. Collect flow measurement data
¢. Conduct an inventory of the system
d. Set goals of rehabilitation program

9. Exfiltration can be a serious problem in areas where exfiltration flow can:
a. Cause flooding of surface water
b. Contaminate groundwater used for public drinking water supply
c. Overload lift stations
d. Reduce scouring velocities in sewers

10. The CIPP saturated liner should be kept:

At ambient temperature until installation
At or below 40° F (4° C)

Out of direct sunlight

Dry until installation

Band C

O
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11. When a service connection has suffered total collapse and is in a crushed condition,
the service connection is restored by:
a. Chemical grout
b. Cured-in-place pipe
c. Excavation and replacement
d. Sliplining

12. When manhole walls have suffered deterioration due to hydrogen sulfide attack,
they can be repaired with:

a. Coating processes

b. Excavation and replacement

c. Grout

d. Paint

e. Sliplining

Answers to Vocabulary and Questions

Vocabulary:
1. B 4. D
2. E 5. F
3. A 6. C
Questions:

1. Due to corrosion and deterioration, damage also results from undue stress and live
loads placed on sewers.

2. Traffic disruption, disruption to properties, paving damage, shoring requirements,

excavation dewatering, noise, flow control and restoration

Laterals are lined if infiltration, exfiltration or root intrusion is a problem.

Excavation and replacement

Chemical grouting

True

False

C

10. 12. A
B 11.

00NN kW

O m
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RULES
OF

THE TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION

BOARD OF WATER AND WASTEWATER OPERATOR CERTIFICATION

CHAPTER 0400-49-01

RULES GOVERNING WATER AND WASTEWATER OPERATOR CERTIFICATION

0400-49-01-.01
0400-49-01-.02
0400-49-01-.03
0400-49-01-.04
0400-49-01-.05
0400-49-01-.06

0400-49-01-.07

TABLE OF CONTENTS

Application for Certificate
Examinations

Fees

General

Definitions

Classifications of Water Treatment
Plants and Water Distribution Systems
Classifications and Qualifications of
Water Treatment Plant Operators and
Water Distribution System Operators

0400-49-01-.08

0400-49-01-.09

0400-49-01-.10
0400-49-01-.11

0400-49-01-.12

Classification of Wastewater
Treatment Plants and Wastewater
Collection Systems

Classifications and Qualifications of
Wastewater Treatment Plant Operators
and Wastewater Collection System
Operators

Continuing Education

Summary Suspension and
Revocation of Certificate

Civil Penalties

0400-49-01-.01 APPLICATION FOR CERTIFICATE.

1)

(@)

(b)

()

Application for certification by examination.

A separate application for each certification shall be made on an original form approved
by the Board for that purpose and available upon request from the Secretary of the
Board.

An application for certification must be submitted to the Secretary of the Board and
include the following items:

1.

2.

A sworn application signed by the applicant.
Payment of a non-refundable $100 fee for each application for examination.

A copy of any verifying document in support of an application must be submitted
with the application unless the applicant has previously provided such
documentation to the Secretary of the Board. This includes, but is not limited to,
proof of high school education or equivalent of the applicant. College transcripts,
if needed to document experience credit, must be submitted directly from the
college and/or university to the Secretary to the Board. Credit for enrollment in
special training courses and programs will only be granted to an applicant upon
verification that he/she satisfactorily completed all course or program
requirements. If training credit is requested, a copy of a course attendance card,
a class roster, or a certificate of completion must be submitted to the Secretary.
Verification of work experience must be provided in a written document signed by
a certified operator of a similar or higher classification, familiar with the
applicant’'s work experience. However, if no such person is available, it may be
documented by a person in authority with the system. The Board may exempt
applicants from the verification of work experience requirement where there are
unusual circumstances.

A complete application must be received by the Secretary sixty (60) days or more in
advance of the scheduled examination date for consideration. Applications received
less than sixty (60) days prior to an examination date will be reviewed for the next
examination. Upon written request by an applicant, the Board may choose to review,

April, 2017 (Revised)
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(Rule 0400-49-01-.02, continued)

(5) An applicant shall be notified in writing whether his/her examination score was satisfactory for
the issuance of a certificate.

(6) An applicant who fails to achieve a satisfactory score may reapply for the next examination
by submitting an abbreviated application for examination with fees, but he/she shall not be
eligible to take another examination for the particular operator classification which he/she
failed until five months have elapsed from the date that examination was taken.

(7)  All examinations shall be administered by the Board or its authorized representatives who are
empowered to maintain the integrity of all examinations.

(8) (a) An applicant shall be guilty of cheating upon a written examination who does an act
including, but not limited to, the following:

1. violates paragraph (2) of this rule; or
2. without express authorization from examination officials,

(i removes examination materials furnished by the Board or the written
examination itself, in whole or in part, from the examination room, or

(i)  aids another applicant in answering examination questions during a written
examination; or

3. violates the examination rules.
(b) Upon a determination by the Commissioner that an applicant is guilty of cheating upon
a written examination for a particular operator classification, the applicant shall not be

issued an initial certificate of competency for that classification.

(c) An applicant shall be ineligible to again apply for certification in that same operator
classification for one year from the date the determination of cheating becomes final.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03. Amendments filed January
18, 2017; effective April 18, 2017.

0400-49-01-.03 FEES.

(1) Fees for Certification

(a) Fees for certification shall be required of each applicant and paid in advance as
follows:

1. Application fee for each operator examination or reciprocity request applied for

............................................................................................................. $100
2. Discount annual renewal fee for each operator certificate:

(Payment prior to February 1).......coov i e $50
3. Standard annual renewal fee for each operator certificate:

(Payment from February 1 through June 30.)......cocoviiiiiini e, $100

(b)  No application fee will be returned.

April, 2017 (Revised) 4
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(Rule 0400-49-01-.03, continued)

()

(d)

Upon payment of an application fee and approval by the Board, an applicant may take
any one scheduled examination during the following twelve (12) months. If an
applicant chooses not to take or fails to appear for, the first examination offered after
receiving approval, the applicant must register on a form approved by the Board to be
scheduled for a subsequent exam within the established time. The registration must
occur sixty (60) days in advance of the examination he/she wishes to take. If an
applicant does not take the examination within twelve (12) months of the Board's
approval, he/she must reapply by submitting a new application with fees in order to be
considered to take a subsequent examination.

Each year a certified operator shall submit to the Board for the following year a
completed certificate renewal application and a fee for the renewal of each operator
certificate he/she possesses. Applications received prior to February 1 of each year
shall be subject to discount renewal fees. Applications received February 1 through
June 30 of each year shall be subject to standard renewal fees. Any person failing to
meet the June 30 deadline may, within sixty (60) days of the deadline, request that the
Board grant a variance. A variance may be granted when the delay was caused by
Board or staff error, Board action, or documented postal error. A completed certificate
renewal application or appropriate annual renewal fee for an expired certificate not
received by the Board by June 30 shall preclude the recertification of the operator in
his/her expired classification until he/she shall have fulfilled all the requirements for the
issuance of an initial certificate in that classification, including the satisfactory
completion of a written examination. When an operator classification is upgraded, the
certificate he/she was upgraded from becomes void; and no additional fee payment is
necessary until renewal.

(2) Fees for Cross Connection Control Training Registration
(a) Fees for Cross Connection Control Training registration shall be required of each
person and paid in advance as follows:

1. Registration fee for a Cross Connection Control Basic Class (full time employees
of public water systems as defined in T.C.A. § 68-221-703 and Department
employees who assist with cross connection control training or testing classes
TSR =Y =1 1 4] 01 P $275

2. Registration fee for a Cross Connection Control Renewal Class (full time
employees of public water systems as defined in T.C.A. §8 68-221-703 and
Department employees who assist with cross connection control training or
testing ClasSes are EXEeMIPL).......c vt oieiie e et et e et e e $110

(b)  No registration fee will be returned.
(c) The registration fee must be received thirty (30) days in advance of the class he/she
wishes to take.
(3) Fees for Cross Connection Control Testing Application
(@) Fees for Cross Connection Control Testing Application shall be required of each
person and paid in advance as follows:

1. Application for a Cross Connection Control Basic Test (Department employees
who assist with cross connection control training or testing are
L2y =] 1 0] 0 TSP $60
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(Rule 0400-49-01-.03, continued)
2. Application fee for Cross Connection Control Renewal Test (Department
employees who assist with cross connection control training or testing are
Loy T T o] ) T PRSPPSO $60

(b)  Application fees are not refundable or transferable.

(c) The application for testing conducted by the Department must be received a minimum
of thirty (30) days in advance of the test he/she wishes to take, however, applications
from private institutions may be received the day the test materials are submitted to the
Fleming Training Center.

(d) Prior to sitting for a test, an applicant must present proof of completion of training
accepted by the Department for the appropriate test. Basic training may be accepted
by the Department if it has a minimum class length of 480 minutes (300 minutes
minimum in classroom), including but not limited to the following topics: hydraulic and
backflow principles, theory of backflow and cross connection, codes and regulations of
a cross connection control program, responsibilities and actions in a cross connection
control program and mechanical equipment for cross connection control. Acceptable
training must also provide a minimum of one working practice station and test kit for
each three students. Renewal training may be accepted by the Department if it has a
minimum class length of 300 minutes (180 minutes minimum in classroom) including
but not limited to the following topics: hydraulic and backflow principles, theory of
backflow and cross connection, codes and regulations of a cross connection control
program, responsibilities and actions in a cross connection control program and
mechanical equipment for cross connection control. Acceptable training must also
provide a minimum of one working station and test kit for each three students.

(e) An applicant must take the test within twelve (12) months of receipt of the training
certificate.

Authority: T.C.A. 88 4-5-201 et seq., 68-203-101 et seq., 68-221-901 et seq. Administrative History:
Original rule filed May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.
Amendments filed January 18, 2017; effective April 18, 2017.

0400-49-01-.04 GENERAL.

(1) Certification under T.C.A. 88 68-221-901 et seq., being the “Water and Wastewater Operator
Certification Act,” is available to any operator of a water treatment plant, a wastewater
treatment plant, a water distribution system, or a wastewater collection system who meets
the minimum qualifications of a given classification.

(2) Each person in direct charge at a water treatment plant, a wastewater treatment plant, a
water distribution system, or a wastewater collection system shall hold a certificate in a grade
equal to or higher than the grade of the treatment plant, distribution system, or collection
system he/she operates. The grade of a facility will be established by the criteria set forth in
this chapter of rules.

(3) All operating personnel making process control/system integrity decisions about water quality
or quantity that affect public health must be certified. A designated certified operator must be
available for each operating shift.

(4) Each water supply system and wastewater system required to have a certified operator shall,
no later than the first day of August annually, inform the Board, through its designated agent,
the Division of Water Resources, in writing of the name of each person who is a certified
operator in direct charge of any water treatment plant, wastewater treatment plant, water

April, 2017 (Revised) 6
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(Rule 0400-49-01-.04, continued)
distribution system or wastewater collection system it operates. A system shall notify the
Division of Water Resources in writing within thirty (30) days of its loss of the services of a
certified operator in direct charge.

(5) A certified operator shall be responsible for keeping the Board Secretary informed of his/her
current address.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.05 DEFINITIONS.

(1) “Available” means that a certified operator must be on site or able to be contacted as needed
to initiate the appropriate action in a timely manner, based on system size, complexity and
the quality of either the source water or the receiving stream.

(2) “Board” means the board of certification as described in T.C.A. 8 68-221-905.

(3) “Commissioner” and “Department” mean the Commissioner of the Tennessee Department of
Environment and Conservation or his/her duly authorized representative.

(4) “Operating Shift” is that period of time during which operator decisions that affect public
health are necessary for proper operation of the system.

(5) “Process control/system integrity decisions” means decisions regarding the manipulation of
equipment, chemicals or processes that determine the quality and quantity of the water
supplied by a water treatment plant or a water distribution system, or the quality of the
effluent from a wastewater treatment plant or the integrity of a wastewater collection system.

(6) “Person in direct charge” as used in these rules means the person or persons expressly
designated to be in direct charge and so named in writing to the Board's authorized
representative by each water supply system and wastewater system, whose decisions and
directions to system personnel control the manipulation of equipment and thereby determine
the quality and quantity of the water supplied by a water treatment plant or a water
distribution system, or the quality of the effluent from a wastewater treatment plant or the
integrity of a wastewater collection system.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.06 CLASSIFICATION OF WATER TREATMENT PLANTS AND WATER DISTRIBUTION
SYSTEMS.

(1) Water treatment plants shall be classified by the Board or its authorized representative into
one of five groups, designated either as Small Water, Grade I, Il, Ill, or IV. These
classifications shall be made according to the number of population served, the type of
treatment plant, and the complexity of treatment required for a particular water.

(2) The classification of a water treatment plant or a water distribution system may be changed
by the Board or its authorized representative because of changes in the conditions or the
circumstances upon which the original classification was based. Notice of such a
classification change shall be given to the management officers of the plant or system.

(3) Types of Water Systems:

April, 2017 (Revised) 7
232



TDEC - Fleming Training Center Section 15
RULES GOVERNING WATER AND WASTEWATER CHAPTER 0400-49-01
OPERATOR CERTIFICATION
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Push-button or visual methods for simple tests such as pH, settleable

SONAS et 3 pts.
Additional procedures such as DO, COD, BOD, gas analysis, titrations,
solids, volatile content ...t 5 pts.
More advanced determinations such as specific nutrients, total oils,
PRENOIS, B1C .. 7 pts.
Highly sophisticated instrumentation such as atomic absorption and gas
chromatography .......coccoiiiiiiiiiii e e 10 S,

These terms describe the minimum level of effluent quality attainable for treated
wastewater under standard design conditions in terms of the arithmetic mean of the
values for effluent samples collected in a period of thirty (30) consecutive days for the
following parameters: five-day biochemical oxygen demand (BODs); total suspended
solids (TSS); and acidity/alkalinity (pH).

1. “Equivalent to secondary wastewater treatment” means the 30-day average for
BODs does not exceed 45 mg/l and there is no ammonia limit.

2. “Secondary wastewater treatment” means the 30-day average for BODs does not
exceed 30 mg/l and there is no ammonia limit.

3. “Advanced secondary wastewater treatment” means that the biochemical oxygen
demand is expressed as the carbonaceous form (CBODs) that is equal to or
greater than 10 mg/l and is equal to or less than 25 mg/l; and there is an
ammonia limit.

4. “Tertiary wastewater treatment” means that the CBODs is less than 10 mg/l and
there is an ammonia limit.

(b) Grade | Collection System. This classification is for a wastewater collection system
that uses collector and/or transmission lines to transport wastewater to a treatment
plant and which serves no more than five thousand (5,000) service connections.

(c) Grade Il Collection System. This classification is for a wastewater collection system
that uses collector and/or transmission lines to transport wastewater to a treatment
plant and which serves more than five thousand (5,000) service connections.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.09 CLASSIFICATIONS AND QUALIFICATIONS OF WASTEWATER TREATMENT
PLANT OPERATORS AND WASTEWATER COLLECTION SYSTEM OPERATORS.

(1) (@ Grade IV Wastewater Treatment Plant Operator

Certification as an operator in this classification will be made only upon the satisfactory
completion by the applicant of the requirements of either parts 1 or 2 of this
subparagraph.

1. An applicant must have a bachelor degree in engineering, chemistry or a related
science from an accredited college or university, must have twelve (12) months
of operating experience at a Grade Ill or a Grade IV Wastewater Treatment plant,
and must satisfactorily complete a written examination.
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Pumps
Lift stations
Valves
Lines and equipment
Pipeline installation
Service connection installation
Leak detection
TV crew activities
Line repairs
Line cleaning
Manhole maintenance
Pretreatment

(5) Summary of Wastewater Treatment Plant and Collection System Operator Education and

Experience
Wastewater Treatment Plant Operators
Classification Experience Maximum Training Maximum Related
or College Work Substitution
Classwork
Experience needed with: HS BS Degree Substitution
Education
Grade IV | Gained at a Grade Ill or IV Wastewater Plant | *60 months | 12 Months | 36 Months | 24 Months
*Regardless of the substitution allowances, a minimum of 1 year of actual work experience is required
Grade III [ Gained at a Grade Il or Il Wastewater Plant | 12 Months | AR 3 Months
Grade II [ Gained at a Grade | or Il Wastewater Plant [12 months | 3 Months
Grade | Gained at a Grade | Wastewater Plant 12 Months 3 Months
Gained at Biological/Natural and 12 Months
Grade | Wastewater Plant 6 Months
Grade BNS | Gained at a BNS Wastewater Plant [12vonths [ 3 Months

COLLECTION SYSTEM OPERATORS

Classification Experience Maximum Training | Maximum Related
or College Work Substitution

Classwork

Experience needed with: [ HS Education Substitution

Grade Il | Gained at a Collection | or Il System [ 12 Months [ 3 Months
Grade | | Gained at a Collection | or Il System [ 12 Months [ 3 Months

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014, effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.10 CONTINUING EDUCATION.

At least once during every continuing education period each certified operator shall satisfactorily complete
the required number of continuing education hours approved by the Board for the particular type of
certificate he/she holds. The continuing education period for a certified operator shall begin either with the
date the certified operator obtained his/her certificate or the date the certified operator last satisfactorily
completed the required number of continuing education hours and shall end at the conclusion of the
annual continuing education term three (3) calendar years thereafter. An annual continuing education
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term shall begin each year on October 1 and shall end on September 30 of the following year. The failure
of an operator to satisfactorily complete the required number of continuing education hours approved by
the Board Secretary during his/her continuing education period shall be grounds for the denial of his/her
application for the renewal of his/her certificate. An operator shall notify the Board Secretary upon his/her
satisfactory completion of the continuing education requirement by furnishing appropriate documentation
of course completion. Notification by the operator is not necessary in those cases where an agency
notifies the Board Secretary of such activity. An operator that fails to satisfactorily complete the required
number of continuing education hours during his/her continuing education period due to an unusual event
such as an incapacitating illness or similar unavoidable circumstances may make a written request to the
Board for an extension of time to do so. All requests by an operator for an extension of time to meet the
continuing education requirement must be made in writing to the Board either within two (2) months of the
elapsed continuing education period or by the date of return of the operator to active employment,
whichever is later. All such requests must be accompanied by complete supporting documentation of the
circumstances causing the failure to meet the continuing education requirement.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.11 SUMMARY SUSPENSION AND REVOCATION OF CERTIFICATE.
(1) An operator’s certificate may be revoked when:

(& In accordance with paragraph (2) of this rule, an operator has not used reasonable
care, judgment, or the application of his/her knowledge in the performance of his/her
duties as a certified operator, or

(b) In accordance with paragraph (3) of this rule, an operator is incompetent to perform
those duties properly; or

(c) In accordance with paragraph (4) of this rule, an operator has practiced fraud or
deception.

(2) An operator shall be deemed to have not used reasonable care, judgment, or the application
of his/her knowledge in the performance of his/her duties if he/she does not comply with the
laws, rules, permit requirements, or orders of any governmental agency or court which
govern the water supply system or the wastewater system he/she operates. Such acts of
noncompliance include but are not limited to the following:

(@) The intentional or the negligent failure by the operator or persons under his/her
supervision to act that results in a water supply system facility or a wastewater system
facility not operating in the manner in which it is capable of being operated for the
performance of its designed function.

(b) The intentional or the negligent failure by the operator or persons under his/her
supervision to comply with the monitoring, sampling, analysis, or reporting
requirements for a water supply system facility or a wastewater system facility.

(c) The intentional or the negligent unlawful discharge of wastes from a water supply
system facility or a wastewater system facility.

(d) The intentional or the negligent failure by the operator or persons under his/her
supervision to notify the Department of conditions: which may affect the quantity or
quality of water being supplied to the customers of a water supply system; which cause
the pollution of the waters of the State of Tennessee; or, which are violative of a
standard of water quality promulgated by any governmental agency.

April, 2017 (Revised) 23
235



Section 15
RULES GOVERNING WATER AND WASTEWATER CHAPTER 0400-49-01
OPERATOR CERTIFICATION

TDEC - Fleming Training Center

(Rule 0400-49-01-.11, continued)

(3) An operator shall be deemed to be incompetent to perform his/her duties properly when
he/she does not possess the basic skills and knowledge necessary to operate a water supply
system facility or a wastewater system facility including laboratory functions or if he/she fails
to have a system of verification and oversight of employees under his/her charge.
Incompetency shall be determined by examining the technical skills of the operator in
operating the type of facility of which he/she is in direct charge.

(4) An operator shall be deemed to have practiced fraud or deception as follows:

(@) Obtained his/her certificate through fraud, deceit, or the submission of inaccurate data
regarding his/her qualifications upon his/her application for a certificate.;

(b) Has practiced fraud or deception during the performance of his/her duties as a certified
operator; or

(c) Has prepared and/or signed reports of laboratory analysis results for the system that:

1. Contain inaccurate data and are known or should be known by the operator to be
false; or,

2. Contain inaccurate data because the operator has not used reasonable care,
judgment, or the application of his/her knowledge either in the performance of the
laboratory analysis or in the preparation of the laboratory analytical reports.

(5) Revocation
(@ The Commissioner may initiate the process to revoke a certificate when he/she

believes an operator has engaged in any of the activities set forth in paragraph (1) of

this rule.

(b) The Commissioner shall give notice by mail to the affected operator of facts or conduct
that warrants revocation of the certificate and give the affected operator an opportunity
to show compliance with these rules by conducting an informal hearing as provided in
T.C.A. § 4-5-320(c).

(c) After the T.C.A. 8§ 4-5-320(c) informal hearing, if the Commissioner determines that the
affected operator has failed to demonstrate compliance, the Commissioner shall issue
a notice of hearing for revocation and include a recommendation to the Board to revoke
and reinstate or not to reinstate the certificate. Any recommendation of reinstatement of
the certificate shall include terms for such reinstatement.

(d) The notice of hearing for revocation shall contain the information required by part 1 of
this subparagraph and be served in accordance with part 2 of this subparagraph.

1. The notice shall include:

0] A statement of the time, place, nature of the hearing, and the right to be
represented by counsel;

(i) A statement of the legal authority and jurisdiction under which the hearing
is to be held, including a reference to the particular sections of the statute
and rules involved; and
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(i) A short and plain statement of the facts or conduct that warrant a
revocation. (If the Commissioner is unable to state the matters in detail at
the time the notice is served, the initial notice may be limited to a statement
of the issues involved. Thereafter, upon timely, written application a more
definite and detailed statement shall be furnished ten (10) days prior to the
time set the hearing.)

2. A copy of the notice of hearing shall be:

0] Served upon the operator no later than thirty (30) days prior to the hearing
date; and

(i)  Served by personal service, return receipt mail or equivalent carrier with a
return receipt,

A person making personal service on the operator affected shall return a
statement indicating the time and place of service, and a return receipt must be
signed by the operator affected. However, if the affected operator evades or
attempts to evade service, service may be made by leaving the notice or a copy
of the notice at the affected operator’'s dwelling house or usual place of abode
with some person of suitable age and discretion residing therein, whose name
shall appear on the proof of service or return receipt card. Service may also be
made by delivering the notice or copy to an agent authorized by appointment or
by law to receive service on behalf of the affected operator, or by any other
method allowed by law in judicial proceedings.

(6) Summary Suspension and Revocation

@)

(b)

(©)

(d)

(e)

(f)

The Commissioner may initiate the process of summary suspension and revocation of
the certificate when the Commissioner believes that an emergency action is needed to
protect the public health, safety or welfare.

The Commissioner shall give a notice to the affected operator by any reasonable
means and shall inform the affected operator of the intended action, the acts or
conduct that warrants summary suspension and revocation of the certificate and hold
an informal hearing, as provided in T.C.A. § 4-5-320(d), to give the operator an
opportunity to address the issue of whether there is an emergency.

The Commissioner shall appoint a hearing officer to conduct this T.C.A. 8 4-5-320(d)
hearing and the hearing shall be recorded and transcribed.

After the informal hearing as provided in T.C.A. § 4-5-320(d), if the Commissioner
determines that an emergency action is warranted, the Commissioner shall issue an
Order of Summary Suspension and a notice of hearing for revocation and include a
recommendation to the Board to reinstate or not to reinstate the certificate. Any
recommendation of reinstatement of the certificate shall include terms for such
reinstatement.

The Order of Summary Suspension and the notice for revocation shall contain the
information required by part (5)(d)1 of this rule and be served in accordance with part
(5)(d)2 of this rule.

When the Commissioner has issued an Order of Summary Suspension and Notice of
Revocation, the Board shall conduct its revocation hearing and render a decision within
ninety (90) days of the operator's summary suspension. In the event the Board does
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(7)

(8)

(9)

(10)

not render its decision within ninety (90) days of the operator's summary suspension,
the Order of Summary Suspension shall expire and no longer be in force or effect.
However, the Commissioner may reissue an Order of Summary Suspension in
accordance with this paragraph, for a period not to exceed ninety (90) days.

The revocation hearing before the Board shall be held in accordance with T.C.A. 88 4-5-301
et seq. and Rule Chapter 1360-04-01 Uniform Rules of Procedure for Hearing Contested
Cases Before State Administrative Agencies.

The Board may revoke the certificate of an operator when it is found that the operator has
practiced fraud or deception; that reasonable care, judgment or the application of such
operator's knowledge was not used in performance of such operator’'s duties; or that the
operator is incompetent to properly perform such operator's duties. |If the certificate is
revoked and is to be reinstated, the Board shall determine the timing, terms and conditions
for reinstatement.

An operator who receives an order of the Board for the revocation of his/her certificate may
appeal the order to the Chancery Court of Davidson County within sixty (60) days.

An operator whose certificate is revoked for failure to use reasonable care, judgment or the
application of operator knowledge in performing the operator's duties or for incompetency
shall be ineligible to again apply for certification as an operator for a minimum of one (1) year.
An operator whose certificate is revoked for practicing fraud or deception, willfully violating
regulations or permit conditions, or falsifying records and reports shall be ineligible to again
apply for certification as an operator for a minimum of five years. When an operator whose
certificate has been revoked has applied for a certificate after the minimum time has passed,
the Board shall determine whether the operator has taken appropriate action to address the
circumstances that were the cause of the revocation. The Board may request records and
review his/her experience, education, training and past performance. The Board may
request the former operator's presence at a meeting of the Board and interview him/her to
assess the potential of future violations. After the reviews, the Board shall decide to accept
or refuse the application.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014; effective August 19, 2014. Rule renumbered from 1200-05-03.

0400-49-01-.12 CIVIL PENALTIES.

(1)

(2)

®3)

The Commissioner may assess the civil penalty authorized by law against a municipality,
utility district, corporation, or any person operating a water supply system or a wastewater
system if the competency of the person in direct charge of a system facility has not first been
certified in accordance with these rules.

A certified operator may be assessed the civil penalty authorized by law for the same acts
and omissions that would constitute grounds for the revocation of his/her certificate by the
Board.

Prior to issuing an order that assess a civil penalty, in accordance with paragraphs (1) and (2)
of this rule the Commissioner may hold a show cause meeting with the person or entity to
whom the order is proposed to be issued.

Authority: T.C.A. 88 4-5-201 et seq. and 68-221-901 et seq. Administrative History: Original rule filed
May 21, 2014, effective August 19, 2014. Rule renumbered from 1200-05-03.
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Sewerage Systems
0400-40-16-.01 DEFINITION OF TERMS.

(1) Public Sewerage System. The conduits, sewers, and all devices and appurtenances by
means of which sewage is collected, pumped, treated and disposed of finally. This shall
include systems owned by municipalities, utility districts, those corporately owned, state
owned, and all others serving the public, including industrial wastes discharged into public
systems.

(2) Sewage. All water carried wastes from residences, buildings, institutions, or industrial
establishments that are connected to a public sewerage system, together with such ground,
surface, or storm water as may be present.

(3) Department. The Tennessee Department of Environment and Conservation through its
executive officer, the Commissioner of Environment and Conservation, or his designated
representative.

(4) Person. Any and all persons, natural or artificial, including any individual, firm or association,
and any municipal or private corporation organized or existing under the laws of this or any
other state or country.

Authority: T.C.A. 88 68-221-101 et seq. and 4-5-201 et seq. Administrative History: Original rule filed
September 17, 2013; effective December 16, 2013. Rule renumbered from 1200-05-02.

0400-40-16-.02 SUPERVISION OVER CONSTRUCTION OF PUBLIC SEWERAGE SYSTEMS.
(1) Preliminary Informations.

Whenever any new construction or any change of an existing system is contemplated, a
statement concerning the proposed construction or change together with such preliminary
plans, reports, operating cost data, construction cost estimates, and any other necessary
data shall be submitted to the Tennessee Department of Environment and Conservation.
These data will be reviewed by the Department to determine if sufficient information has been
provided for review of the project and if the proposed project meets the Department's general
design criteria and if additional changes will be necessary prior to preparation of the final
plans and specifications. The Department's approval should be obtained in writing prior to
preparation of the final plans and specifications.

(2) Sewage Samples.

Whenever any new construction or changes of an existing system involving the treatment
works is contemplated representative samples of the sewage shall be properly collected and
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3)

(4)

()

(6)

(7)

analyses are directed by the Department. These data and any other pertinent information
shall be submitted to the Department.

Final Plans.

Before work is commenced on any new construction or change of an existing system, final
plans and specifications and cost estimates, together with such additional data as may be
necessary to determine the suitability of the works, shall be submitted to the Tennessee
Department of Environment and Conservation, and no part of the work shall be started until
the Department has given its written approval. All such plans should be submitted at least 30
days prior to the date upon which action of the Department is desired. After construction has
been completed, a set of "As Built" plans shall be submitted to the Department.

Revision of Plans.

All changes in the plans and specifications requested by the Department must be made and
approved by the Department prior to construction. In case it is necessary or desirable to
make any additional changes in the approved plans and specifications, revised plans and
specifications, together with a statement of the reasons for the changes, shall be submitted to
the Tennessee Department of Environment and Conservation for review and no part of the
work affected by the change shall be started until the Department has given its approval in
writing.

Work in Conformity with Plans and Specifications.

A copy of the approved plans and specifications shall be available at the job site at all times
during construction. All work on new construction or changes of existing systems shall be
done in conformity with the approved plans and specifications. The consulting or design
engineer shall provide adequate inspection during construction to ascertain that all work is
done in accordance with the approved plans and specifications.

The Department's representative shall have access to the project at all times during
construction. If the Department's representative observes work being done in a manner that
does not conform to the approved plans and specifications, a request will be made through
the engineer's representative or directly to the contractor to cease all work until the
nonconformity with the approved plans and specifications has been rectified.

Records of Existing Works.

Whenever there is any question concerning the suitability of existing structures, equipment or
other parts of the sewerage system to perform the function for which intended, the
Department may require the submission of plans or other data necessary to ascertain the
details of such works in relation to their possible direct or indirect effect upon public health.
Sewer Use Ordinance.

The governing body of each public sewerage system shall enact an ordinance that will state:

(a) the type materials, construction, and inspection of service lines connecting to the public
sewer,

(b) the limits of the physical and chemical characteristics of the sewage that will be
discharged to the system by the users, and

(c) any surcharges that will be assessed when the limits of the physical and/or chemical
characteristics are violated.
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(8)

(9)

A copy of the proposed ordinance must be submitted to and approved by the
Department. Such ordinance must be on file with the Department prior to the placing
into operation the sewerage facilities.

Ownership and Operational Organization.

Prior to the approval of final plans and specifications for sewerage facilities that are not
owned and operated by a municipality or public utility district, the Department must receive
evidence of the ownership of the system by a satisfactory organization that will be
responsible for the operation and maintenance (such organization as a corporation set up
under the General Corporation Act of 1969, an organization that has a charter from the
Tennessee Public Service Commission, or a title deed on FHA insured loans) of the system.

Other Utilities.
No other utility lines or systems are to be placed in the same trench as sewer lines, and

potable water lines should be placed a minimum horizontal distance of ten (10) feet from the
sewer lines.

Authority: T.C.A. 88 68-221-101 et seq. and 4-5-201 et seq. Administrative History: Original rule filed
September 17, 2013; effective December 16, 2013. Rule renumbered from 1200-05-02.

0400-40-16-.03 SUPERVISION OVER OPERATION OF PUBLIC SEWERAGE SYSTEMS.

1)

)

®)

(4)

Records and Reports.

Daily records of the operation and maintenance of sewerage facilities, data on laboratory
analyses of samples collected in accordance with the sampling program provided by the
Department, and any other pertinent information shall be submitted to the Tennessee
Department of Environment and Conservation on forms supplied by the Department.
Reports may be required weekly, monthly, or as deemed necessary to ascertain the
continuous satisfactory operation of the facilities.

Samples.

Such samples of sewage or water from the receiving stream shall be submitted to the
Tennessee Department of Environment and Conservation when and in such manner as may
be directed from time to time.

Supervision and Operation.

The supervision, operation, and maintenance of sewerage systems shall be of such character
as in the opinion of the Tennessee Department of Environment and Conservation will
produce satisfactory results as judged by current standards of the Department. Evidence of
competency may be required if and when deemed necessary by the Commissioner to insure
proper operation and maintenance of any public sewerage system.

Bypassing.

There shall not be discharged any untreated sewage or inadequately treated wastes to a
ditch, stream or lake except in cases where an absolute necessity exists for a short duration
and the consent of the Tennessee Department of Environment and Conservation has been
received in writing prior to the time of discharge.
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Authority: T.C.A. 88 68-221-101 et seq. and 4-5-201 et seq. Administrative History: Original rule filed
September 17, 2013; effective December 16, 2013. Rule renumbered from 1200-05-02.

0400-40-16-.04 INTERCONNECTIONS OR OTHER CONNECTIONS WITH POTABLE WATER
SUPPLY.

Interconnections.

No person shall install, permit to be installed or maintain an interconnection or other connection between
any part of the sewerage system or any appurtenance and a potable water supply or a public water
supply in such manner that sewage or waste may find its way into or otherwise contaminate any potable
or public water supply.

Authority: T.C.A. 88 68-221-101 et seq. and 4-5-201 et seq. Administrative History: Original rule filed
September 17, 2013; effective December 16, 2013. Rule renumbered from 1200-05-02.

0400-40-16-.05 INVESTIGATIONS, REPORTS, AND RECOMMENDATIONS, STANDARDS, AND
ORDERS.

(1) Investigations.

The Department of Environment and Conservation will make such routine or special
investigations as may be considered necessary to insure proper construction, operation and
maintenance of public sewerage systems and to insure compliance with these regulations.
The owners or operators of public sewerage systems shall arrange to assist the Department
in making such investigations and otherwise cooperate by furnishing any pertinent data.
When the Department makes written recommendations concerning the sewerage facilities,
the recommendations should be followed when at all possible.

(2) Reports and Recommendations.

Reports of investigations, together with recommendations regarding needed improvements or
other matters relating to any public sewerage system, shall be prepared and forwarded to the
official responsible for such system as often as deemed necessary by the Director of the
Division.

(3) Standards.

The Department shall prepare and disseminate such information concerning public sewerage
systems as it may deem necessary or desirable to insure the proper collection and disposal
of sewage. It shall prepare, adopt, or utilize such standards as necessary to evaluate results
of sewage disposal through any public sewerage system in Tennessee.

(4) Special Orders.
Whenever it is the judgment of the Tennessee Department of Environment and Conservation,
based upon investigations, that a public sewerage system is an actual or potential menace to
public health, because of faulty design, inadequacy, improper supervision, or inefficient
operation, and that effective measures are not being carried out to correct these defects, the

Department may issue an order for their correction, and such order or orders shall be
complied with within the time limit specified in the order.

(5) Enforcement by Department.

Whenever in the judgment of the Tennessee Department of Environment and Conservation
any standards, policies, general or special orders, rules, or regulations issued by it to control
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public sewerage systems are violated, an authorized representative of the Department may
cause to be issued a warrant in the appropriate court for the violation.

Authority: T.C.A. 88§ 68-221-101 et seq. and 4-5-201 et seq. Administrative History: Original rule filed
September 17, 2013; effective December 16, 2013. Rule renumbered from 1200-05-02.
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2.1  General Requirements for Collection Systems

2.1.1 Construction Approval
In general, construction of new sewer systems or extensions of existing systems must ensure
that the downstream conveyance system and the receiving wastewater treatment plant are
either:
a. Capable of adequately conveying or processing the added hydraulic and organic load, or
b. Capable of providing adequate conveyance or treatment facilities on a time schedule

acceptable to the Division

2.1.2  Ownership
Sewer systems including pumping stations integral to gravity sewer and low-pressure sewer
designs require ownership by a responsible party, such as a public entity, for operation and
maintenance.

2.1.3 Design
The design and construction of new sewer systems must achieve total containment of sanitary
wastes and exclusion of infiltration and inflow (I/I). This includes installing pipe with
watertight joints, watertight connections to manholes, and watertight connections to service
laterals or service lateral stubs and trench design that minimizes the potential for migration of
water along the trench. However, the new sewer system and appurtenances must be able to
convey the wastewater load, including existing I/1, from upstream areas as appropriate.

2.1.4 Overflows
The Division of Water Resources (Division) will not permit overflows in separate sanitary
sewers or new overflows in existing combined sewers. The Division will not permit overflows
in new interceptor sewers intercepting existing combined sewers. An alarm system to signal
existing overflow conditions and procedures for reporting overflows may be required.

2.1.5 Calculations
The Division requires the submittal of all computations and other data used for design of the
sewer system.

2.2 Design Considerations

2.2.1 Design Period
2.2.1.1 Collection sewers (Laterals and Submains)
The Division requires collection sewers for the ultimate development of the tributary areas.
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2.2.1.2 Main, Trunk, and Interceptor Sewers

The Division requires certain design factors for trunk sewers:

o

Possible solids deposition, odor, and pipe corrosion that might occur at initial flows
b. Population and economic growth projections and the accuracy of the projections

c. Comparative costs of staged construction alternatives

d. Effect of sewer sizing on land use and development

2.2.2 Basis of Design

The Division’s design requirements for new sewer systems are on the basis of per capita flows
or alternative methods.

2.2.2.1 Per Capita Flow

The Division requires the use of Appendix 2-A. Substitutions or additions to the
information presented in this table are acceptable if better or more accurate data is
available.

The Division requires the following:

a. Lateral and Submains: Minimum peak design flow should be not less than 400 percent
of the average design flow.

"Lateral" - a sewer that has no other common sewers discharging into it.
"Submain” is defined as a sewer that receives flow from one or more lateral sewers.

b. Main, Trunk, and Interceptor sewers: Minimum peak design flow should be not less 250
percent of the average design flow.

"Main” or "trunk" is defined as a sewer that receives flow from one or more submains.

"Interceptor” - a sewer that receives flow from a number of main or trunk sewers, force
mains, etc.

2.2.2.2 Alternative Methods

The Division allows alternative methods other than on the basis of per capita flow rates.
Alternative methods may include the use of peaking factors of the contributing area,
allowances for future commercial and industrial areas, separation of infiltration and
inflow from the normal sanitary flow (for new sewers serving existing upstream
sewers), and modification of per capita flow rates (based on specific data). There
should be no allowance for infiltration or inflow into newly constructed or proposed
Sewers.
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2.2.3

2.3

2.3.1

Design Factors
The Division requires consideration of the following factors:

Peak wastewater flows from residential, commercial, institutional, and industrial sources
Potential for groundwater infiltration from existing upstream sewers

Topography and depth of excavation

Treatment plant location

Soils conditions

Pumping requirements

Maintenance, including manpower and budget

Existing sewers

Existing and future surface improvements

Controlling service connection elevations

Proximity to surface streams, including minimizing the potential for draining or diversion
of stream water into the pipe trench

Watertight and exclude groundwater and surface water.

T SQ@ho o0 o

Design and Construction Details
Gravity Sewers
The Division requires gravity sewers to be approximately one-half full when conveying the
anticipated peak daily dry weather flow and does not surcharge when conveying the anticipated
peak wet weather flow.
2.3.1.1 Minimum Size

The minimum size of new public sewers should be 8 inches (nominal) in diameter.

2.3.1.2 Depth

Generally, sewers should not be less than 2 % feet deep but should be sufficiently deep
to prevent freezing and physical damage.

2.3.1.3 Roughness Coefficient

The Division requires that a roughness coefficient “n” value of 0.013 be used in
Manning’s formula for the design of all sewer facilities unless a roughness coefficient
specific to the given pipe material is available. The roughness coefficient selected must
consider the long-term condition of the sewer. However, the Division requires an “n”
value equal to or greater than 0.011.

2.3.1.4 Slope
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Sewers must be self-cleansing and capable of transporting most solids to the desired
point, usually a treatment facility. Two methods are approved for design in the State of
Tennessee: 1) Tractive Force and 2) Traditional (Ten-State Standards). For reasons of
economical design and long-term maintenance, the Division prefers the Tractive Force
Method.

Tractive Force Method:

ASCE and WEF (WEF Manual of Practice No. FD-5 Gravity Sanitary Sewer Design and
Construction, 2007, Section 5.6) now advocates a transition to the tractive force approach for
self-cleansing design. “Tractive Force (TF) design is a major improvement over traditional
methods to achieve self-cleansing in gravity sewers. This approach results in a self-cleansing
pipe slope value (Smin) for the design minimum flow rate (Qmin) in each sewer reach. Qm, is the
predicted largest 1-hour flow rate in the reach during the lowest flow week over the sewer
design life. Past design practices seldom included accurate estimation of Qmin values, but good
estimates of Qmi, are crucial for TF design. The engineer should show in the engineering report
the calculations for Qmin for new sewer pipe projects. As compared to traditional minimum
slopes, Smin slopes via the TF method are flatter for sewers carrying typical to larger Qmin
values and steeper for sewers carrying smaller Qmin values.” ( Merritt, LaVere B., Tractive
Force Design for Sanitary Sewer Self-Cleansing, ASCE, May 2009)

Once a good estimate has been developed for Qnin, then Table 2-1 (WEF, 2007, Table 5.5, page
148) for calculating minimum slopes for a typical condition in sewers is provided to assist
designers with applying TF principles.

Table 2-1 Tractive Force Equations for Minimum Slope

Sewer Size | When n is Variable*
(inches) value of Spin =
(Qin cfs)

8 0.000848 Qpin """
10 0.000887 Qpin "
12 0.000921 Qpin >
15 0.000966 Quin >
18 0.001004 Qpin *>™*
21 0.001038 Qpin "
24 0.001069 Qmin >
27 0.001097 Quin >
30 0.001123 Qpin "
36 0.001169 Quin >
42 0.001212 Qpin %

3Based on Darcy-Weisbach
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Traditional Method:

The Traditional Method for conventional gravity sewers requires mean velocities, when
flowing full, of not less than 2.0 feet per second. Table 2-2 provides minimum slopes when
using the traditional method; however, slopes greater than these are desirable.

Table 2-2 Minimum Slope from Traditional Method

Sewer Size Minimum Slope*
(inches) (feet per 100 feet)
8 0.40

10 0.28

12 0.22

15 0.15

18 0.12

21 0.10

24 0.08

27 0.067

30 0.058

36 0.05 **
42 0.042%**

* Great Lakes Upper Mississippi River Board, 1997.
*x Recommended steeper — to give velocity of 2.1 ft/sec (WEF, 2007)
***  Recommended steeper — to give velocity of 2.3 ft/sec (WEF, 2007)

Under special condition, the using the Traditional Method, the Division may allow slopes
slightly less than those required for the 2.0 feet-per-second velocity when flowing full may be
permitted. Such decreased slopes will only be considered where the depth of flow will be 0.3 of
the diameter or greater for design average flow. Whenever such decreased slopes are proposed,
the design engineer should furnish with his report his computations of the depths of flow in
such pipes at minimum, average, and daily or hourly rates of flow. The maintaining wastewater
agency must recognize and accept in writing the problems of additional maintenance caused by
decreased slopes.

Uniform slope between manholes is required.
A minimum of 5 feet of horizontal separation between gas mains is required.

Anchors are required for sewers on 20 percent slope or greater. Secure anchors will have a
minimum two-foot thick tightly compacted clay collar or equal. Suggested minimum anchorage
spacing is as follows:

a. Not over 36 feet center to center on grades 20 percent and up to 35 percent.
b. Not over 24 feet center to center on grades 35 percent and up to 50 percent.
C. Not over 16 feet center to center on grades 50 percent and over.
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2.3.1.5 Alignment

Straight alignment between manholes is required for gravity sewers. However, curved
sewers may be approved where circumstances warrant but only in large (i.e., 24" and
larger) diameter segments.

2.3.1.6 Increasing Size

When a smaller sewer joins a larger one, the Division requires the alignment to
maintain the same energy gradient. An approximate method for securing these results is
to match the crowns of the sewers entering/ exiting the manhole or junction structure.

2.3.1.7 High-Velocity Protection

Where velocities greater than 15 feet per second are expected, the Division requires
protective measures against internal erosion or displacement by shock.

2.3.2 Materials

The Division will consider any generally accepted material for sewers. The material selected
should be adapted to local conditions such as character of industrial wastes, possibility of
septicity, soil characteristics, abrasion and similar problems. The Division requires careful
consider of pipes and compression joint materials subjected to corrosive or solvent wastes.
Chemical/stress failure and stability in the presence of common household chemicals such as
cooking oils, detergents and drain cleaners are factors.

The specifications should stipulate need to keep clean the pipe interior, sealing surfaces, fittings
and other accessories. Pipe bundles should be stored on flat surfaces with uniform support. The
protection of stored pipe is required. Pipe with prolonged exposure (six months or more) to
sunlight requires a suitable covering (canvas or other opaque material). The Division requires
care be given to gaskets. Ensure that gasket not be exposed to oil, grease, ozone (produced by
electric motors), excessive heat and direct sunlight. Consult with the manufacturers for specific
storage and handling recommendations.

2.3.2.1 Rigid Pipe

Rigid pipe includes, but is not be limited to, concrete pipe. Any rigid pipe should have a
minimum crushing strength of 2000 pounds per lineal foot. All pipes should meet the
appropriate ASTM and/or ANSI specifications.

2.3.2.2 Semi-rigid Pipe
Semi-rigid pipe includes, but is not be limited to, ductile iron. All pipes should meet the

appropriate ASTM and/or ANSI specifications.

2.3.2.3 Flexible Pipe
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Flexible pipe includes, but is not be limited to, ABS solid wall pipe, polyvinyl chloride
pipe (PVC), polyethylene pipe (PE), fiberglass composite pipe, reinforced plastic
mortar pipe (RPM) and reinforced thermosetting resin pipe (RTR). PVC pipe should
have a minimum Standard Dimension Ratio (SDR) of 35. The Division requires that all
other flexible pipe have the same calculated minimum deflection under identical
conditions as the SDR 35 PVC pipe.

To calculate the flexible pipe deflection under earth loading use the formula presented
in the ASCE/WPCF publication, Design and Construction of Sanitary and Storm
Sewers.

All pipes should meet appropriate ASTM and/or ANSI specifications. ASTM D-3033
and D-3034 PVC pipes differ in wall thickness and have non-interchangeable fittings.

2.3.3 Pipe Bedding and Backfilling

The Division requires that all sewers designs provide protection from damage from
superimposed loads. The width and depth of the trench require allowances be made for loads
on the sewer. Backfill material up to three feet above the top of the pipe should not exceed 6
inches in diameter at its greater dimension.

The Division requires ductile iron pipe in roadways where cover is less than 4 feet. In such
cases, a minimum cover of six inches is required.

The Division requires ductile iron pipe or relocation when the top of the sewer is less than 18
inches below the bottom of a culvert or conduit.

2.3.3.1 Rigid Pipe

Bedding Classes A, B, or C as described in ASTM C-12 or WPCF MOP No. 9 (ASCE
MOP No. 37) should be used for all rigid pipe, provided the proper strength pipe is used
with the specified bedding to support the anticipated load. The Division requires the
use of ASTM-C-12 (placement of bedding and backfill).

2.3.3.2 Semi-Rigid Pipe

The Division requires the use of Bedding Classes I, I, Ill, or IV (ML and CL only) as
described in ASTM D-2321 for all semi-rigid pipe provided with the specified bedding
to support the anticipated load.

The Division requires ASTM-A-746 be used to install ductile iron pipe.

2.3.3.3 Flexible Pipe
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2.35

The Division requires the use of Bedding Classes I, 1, or 11l as described in ASTM D-
2321 for all flexible pipe. The Division requires the proper strength pipe with the
specified bedding to support the anticipated load.

The Division requires ASTM-D-2321 for bedding, haunching, initial backfill, and
backfill.

The Division requires Class | bedding material for bedding, haunching, and initial
backfill as described in 2.3.3.4. (polyethylene pipe).

2.3.3.4 Alternate Bedding Option

The Division will allow all sewers bedded and backfilled with a minimum of 12 inches
of Class | material over the top and below the invert of the pipe--an alternative to sub-
sections 2.3.3.1, 2.3.3.2 and 2.3.3.3.

2.3.3.5 Deflection Testing

The Division requires deflection testing of all flexible pipes. The Division requires
backfill testing after it has been in place at least 24 hours.

No pipe should exceed a deflection of 5%.

The test should be run with a rigid ball or an engineer approved 9-arm mandrel having a
diameter equal to 95% of the inside diameter of the pipe. The test requires manually
pulling the test device through the line.

Joints

The Division requires the specification to include the method of making joints and the materials
used. The Division requires that sewer joints eliminate infiltration and prevent the entrance of
roots.

Elastomeric gaskets, other types of pre-molded (factory made) joints, and ABS solvent-cement
welded joints are required. The Division requires the use of ASTM-F2620 for butt fusion
joining technique with polyethylene pipe. The Division requires the removal of internal beads
for butt fusion joints on pipelines with slopes less than one percent. Cement mortar joints are
not acceptable. Field solvent welds for P\VC and PE pipe and fittings are not acceptable.

Leakage Testing

The Division requires the use of ASTM-C-828 for low-pressure air testing for all pipes. The
time required for the pressure to drop from the stabilized 3.5 psig to 2.5 psig should be greater
than or equal to the minimum calculated test time (the Division requires that air loss rate be
part of the test criteria).

The testing method should take into consideration the range in groundwater elevations
projected and the situation during the test. The height of the groundwater should be measured
from the top of the invert (one foot of H,0 = 0.433 psi).
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Table 2-3 provides the minimum test times and allowable air loss values for various pipe size
per 100 ft.

Table 2-3 Leakage Test Parameters

Pipe Size Time, T Allowable Air Loss, Q
(inches) (sec/100 ft) (ft3/min)
6 42 2.0

8 72 2.0

10 90 2.5

12 108 3.0

15 126 4.0

18 144 5.0

21 180 55

24 216 6.0

27 252 6.5

30 288 7.0

2.3.6  Visual Inspection

The Division requires that new sewers be video inspected to confirm proper installation and to
provide a visual record of the condition of the newly constructed sewer for future reference.

2.3.7 Low Pressure Systems
2.3.7.1 Application
The Division requires the consideration of low-pressure systems for situations in which
gravity sewers are extremely costly or impractical, such as rock or high groundwater
table.
2.3.7.2 Grinder Pumps

The Division requires all the collection and transport of raw wastewater from individual
buildings/dwellings to the pressure system by appropriately sized grinder pumps.

Grinder pumps do not require a septic tank.

All pumps should have operating curves that do not allow backflow under maximum
head conditions.

Pumps should be watertight and located above the seasonal groundwater table were
possible where possible.

2.3.7.3 Septic Tank Effluent Pump (STEP) system
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2.3.8

All STEP installations require careful attention to the following design details and
construction techniques:

a. All STEPs preceded by a watertight septic tank. Retrofitting a STEP to an existing
septic tank will require a visual inspection of the tank.

Replacement of all defective septic tanks.

b. STEPs retrofitted to an existing septic tank and drain field must provide a positive
means of preventing groundwater from backing up through the drain field to the
STEP.

c. The STEP should be located as close as possible to the septic tank.

d. Electrical power supplied through the main circuit box. Electricity furnished to a
separate circuit box installed on the exterior wall of the building, near the STEP.

2.3.7.4 Hydraulic

Hydraulic calculations are of extreme importance. Head losses within the low-pressure
system will change with each pump activation.

2.3.7.5 Minimum Velocity

The recommended minimum operating velocity in a pressure system should be 2 feet
per second (fps).

2.3.7.6 Flushing

There should be a means of cleaning the system, particularly to clear any settleable
solids or grease accumulation.

2.3.7.7 Pressure Testing
There should be means for isolating and pressurizing sections of the system to detect
and locate leaks.

2.3.7.8 Alarms

There should be an external visual warning system to indicate the malfunction of the
pump. The high-level (in storage tank) warning system should be a dual audio / visual
system.

2.3.7.9 Cleanouts
The Division requires cleanouts at a maximum of 400-foot intervals.

2.3.7.10 Ventilation

Ventilation of the pumping station should be provided via house vents where allowable
or through a separate system.

Manholes
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2.3.8.1 Location

The Division requires manholes at the end of each 8-inch diameter sewer or greater.
The Division will waive this requirement if a stub-out is installed (assumes line will be
extended in near future).

The Division requires manholes at all changes in grade, size, or alignment; at all
intersections; and at distances not greater than 400 feet for sewers 15 inches or less.
The Division requires manholes at 500 feet for sewer 18 inches to 30 inches. The
Division may allow greater spacing in larger sewers and in those carrying a settled
effluent.

2.3.8.2 Drop Connection

The Division requires a drop connection for a sewer entering a manhole at an elevation
of 24 inches or more above the manhole invert. Where the difference in elevation
between the incoming sewer and the manhole invert is less than 24 inches, a filleted
invert will prevent solids deposition.

2.3.8.3 Diameter

The minimum diameter of manholes should be 48 inches; larger diameters are
preferable. The minimum clear opening in the manhole frame shall meet current OSHA
standards.

2.3.8.4 Flow Channels

Flow channels in manholes should be of such shape and slope to provide smooth
transition between inlet and outlet sewers and to minimize turbulence. Channeling
height should be to the crowns of the sewers. Benches should be sloped from the
manhole wall toward the channel to prevent accumulation of solids.

2.3.8.5 Water tightness

The Division requires watertight manhole covers wherever the manhole tops may be
flooded. Manholes of brick or segmented block are not appropriate materials for
manhole construction where groundwater conditions are unfavorable. In pre-cast
concrete manholes, the Division requires plastic gaskets, pre-molded rubber gaskets or
flexible, plastic gaskets.

2.3.8.6 Connections

The Division requires special attention be paid to the connection between the manhole
wall and the sewer pipe in order to minimize long-term infiltration into the system. The
Division requires flexible joints for line connections directly to the manholes, or to short
stubs integral with the manholes. Flexible joints are joints that permit the manholes to
settle without destroying the watertight integrity of the line connections.

2.3.8.7 Ventilation
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2-13 Design Criteria Ch. 2
257



Section 15

TDEC - Fleming Training Center

The Division requires consideration of ventilation of gravity sewer systems where
continuous watertight sections are greater than 1,000 feet in length. Vent height and
construction must consider flood conditions.

2.3.8.8 Frames, Covers, and Steps

Frames, covers, and steps, if utilized, should be of suitable material and designed to
accommodate prevailing site conditions and to provide for a safe installation.

Materials used for manhole steps should be highly corrosion-resistant. The Division
requires aluminum or plastic with reinforcing bar.

2.3.8.9 Vacuum Testing

New manholes should be vacuum tested after construction to verify they will not be
new sources of infiltration or inflow. The Division requires the test to include the
manhole frame. The Division considers the test acceptable if the vacuum remains at 10
inches of mercury or drops to no less than 9 inches of mercury within one minute. The
Division may allow alternative testing methods--if demonstrated to be equal of better
than vacuum testing.

2.4 Special Details

2.4.1 Protection of Water Supplies

2.4.1.1 Water Supply Interconnections

There shall be no physical connection between a public or private potable water supply
system and a sewer or appurtenance thereto.

2.4.1.2 Relation to Water Mains

January 2016
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Horizontal Separation: Whenever possible, the Division requires at least 10 feet
horizontal separation of the sewer from any existing or proposed water main. Should
local conditions prevent a lateral separation of 10 feet, the Division may allow the
sewer closer than 10 feet to a water main if in a separate trench and if the elevation of
the top (crown) of the sewer is at least 18 inches below the bottom (invert) of the water
main.

Vertical Separation: Whenever sewers must cross under water mains, the Division
requires the sewer at such elevation that the top of the sewer is at least 18 inches below
the bottom of the water main. The Division will consider other alternatives if the sewer
evaluation cannot be varied.

When it is impossible to obtain proper horizontal and vertical separation as stipulated
above, the sewer should be designed and constructed equal to the water main pipe and
should be pressure-tested to assure water-tightness (see drinking water criteria) or the
joints of the sewer pipe should be encased in concrete to inhibit infiltration/exfiltration.
Details of the encasement should be clear and extend the necessary distance to achieve
design goals. The designer should consider the temperature differential between the
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pipe and the surrounding materials in their determination if reinforcement is necessary.

Such arrangements are discouraged.
The Division requires the designer’s evaluation, calculations, and conclusions in the

project record and provided to all interested parties upon request.

2.4.2 Backflow Preventers

State approved reduced pressure backflow prevention devices are required on all potable water
mains serving the wastewater treatment plant or pumping station. The Division can provide a list
of approved backflow preventers.

2.4.3 Sewers in Relation to Streams

2.4.3.1 Site Characterizations for Sewers in Proximity to Streams

For new sewers or existing sewers replaced in the same trench that cross or have an
alignment within 50 feet of the bank of a surface stream, upon notification of the
potential route of the proposed sewer, the Division will perform a site characterization
to determine the potential for stream capture. (See Section 1.2.4.1 of Chapter 1) If the
Division determines there is potential for stream capture, a site-specific Aquatic
Resource Alteration Permit (ARAP) is required, and obtaining this permit will require
the design engineer to provide a plan to prevent stream capture. This may require
additional study of the characteristics of the stream, including soil classification data,
rock depth (if present), recommendations for controlling seepage, cut and fill
recommendations, a trench dewatering plan, and other site specific data.

2.4.3.2 Location of Sewers in Streams

Open trench sewers located along streams should be located outside of the streambed
and sufficiently removed there from to minimize disturbance or root damage to
streamside trees and vegetation.

Sewer outfalls, headwalls, manholes, gate boxes or other structures should be located so
they do not interfere with the free discharge of flood flows of the stream.

The Division requires open trench sewer crossings of streams to cross the stream as
nearly perpendicular to the stream flow as possible and be free from change in grade.

2.4.3.3 Construction

January 2016

Sewers entering or crossing streams should be ductile iron pipe from manhole to
manhole, wrapped in plastic and encased in high strength flowable fill. (Note: This
provision is subject to a case-by-case review. In this case, the Division requires an
impermeable barrier that might be flowable fill, concrete, liners, casing pipe or a
combination. The best practice may be different depending upon stream flow, local
soils, topography and geology).
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The sewer should be free of alignment or grade changes. The Division requires sewer
systems designs to minimize the number of stream crossings. The Division requires the
stream returned as nearly as possible to its original condition upon completion of
construction. The Division requires the stream banks to be seeded or other erosion
prevention methods employed to prevent erosion. Stream banks should be sodded, if
necessary, to prevent erosion. The consulting engineer should specify the method or
methods in the construction of the sewers in or near the stream to control siltation.

With regard to prohibitions on the contractor, the Division requires that the
specifications contain the following clauses:
e unnecessarily disturbing or uprooting trees and vegetation along the stream
bank and in the vicinity of the stream,
dumping of soil and debris into streams and/or on banks of streams,
changing course of the stream without encroachment permit,
leaving cofferdams in streams,
leaving temporary stream crossings for equipment,
operating equipment in the stream, or
pumping silt-laden water into the stream.

The Division requires provisions in the specifications to:

o retard the rate of runoff from the construction site,

e control disposal of runoff,

e liberal use of silt fencing to trap sediment resulting from construction in
temporary or permanent silt-holding basins,

e pump discharges resulting from dewatering operations;

e deposit out of the flood plain area all material and debris removed from the
streambed.

Specifications should require that cleanup, grading, seeding, planting or restoration of
the work area should be carried out as early as practical as the construction proceeds.
The Division requires the specifications mandate a trench-dewatering plan for new
sewer alignments that cross a stream or are within 50 feet of the bank of the stream
defined in Section 1.2.4.1.

2.4.3.4 Special Construction Requirements

The Division requires the employment of special design requirements to prevent stream
drainage from sinking at the crossing and following along the sewer pipe bedding. The
Division requires an in trench impounding structure of compacted clay or concrete
check dams. The Division will consider other proposals.

2.4.3.5 Aerial Crossings
The Division may allow sewers that lay on piers across ravines or streams if no other

practical alternative exists or, in the design engineer’s judgment, other methods will not
be as reliable.
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The Division requires support for all joints. All supports designs must prevent frost
heave, overturning or settlement. The Division requires precautions against freezing,
such as insulation or increased slope and expansion joints between aboveground and
belowground sewers. The Division requires deigns to consider the impact of
floodwaters and debris. The design should consider maintenance of an adequate
waterway for the 100-year flood flows. The design engineer should analyze the impact
of the proposed aerial crossing(s) on flooding, including hydraulic modeling, such as
Hydrologic Engineering Center-River Analysis System (HEC-RAS) modeling, as
necessary.

2.4.3.6 Permits

It is the owner’s responsibility to obtain all necessary permits along streams or rivers;
i.e., Corps of Engineers, TVA, or the Natural Resources Section of the Division of
Water Resources.

2.4.4 Inverted Siphons

Under normal conditions, the Division will not allow inverted siphons. However, if they are,
the Division requires that the following:

Minimum of two barrels,

Minimum pipe size of six inches--provided with necessary appurtenances for convenient
flushing and maintenance,

Manholes with adequate clearances for rodding,

Sufficient head and pipe sizes to secure velocities of at least 3.0 feet per second for
average flows,

Inlet and outlet details arranged so that the normal flow is diverted to one barrel, and so
that either barrel may be cut out of service for cleaning,

Design engineer furnishes hydraulic calculations with the plans,

Proper access maintained.

2.5  General Requirements for Wastewater Pumping Stations

2.5.1 Location and Flood Protection

The Division requires wastewater pumping stations located as far as practicable from present or
proposed built-up residential areas, with an all-weather road and noise control, odor control,
and station architectural design taken into consideration. Sites for stations should be of
sufficient size for future expansion or addition, if applicable. The Division requires security for
the pumping station and controls.

The Division requires protection from the 100-year flood for the station's operational
components.
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Where the wet well is at a depth greater than the water table elevation, special provisions
should be made to ensure watertight construction of the wet well. The Division requires
connections to the pumping station at an elevation higher than the maximum water table
elevation, where possible.

2.5.2 Pumping Rate and Number of Units

At least two pump units should be provided, each capable of handling the expected maximum
flow. The Division requires the submittal of pump head and system head curves.

For three or more units the Division requires a design to fit actual flow conditions and must be
of such capacity that, with any one unit out of services, the remaining units will have capacity
to handle the maximum wastewater flow.

A station expected to operate at a flow rate less than one-half the average design flow for an
extended period may create septic conditions due to long holding times in the wet well. The
design should consider the need for additional measures to prevent the formation of odors.

The design should the use of variable-speed or multiple staged pumps, particularly when the
pumping station delivers flow directly to a treatment plant. The design allows delivery of the
wastewater at approximately the same rate as received at the pumping station.

2.5.3 Gritand Clogging Protection

Where it may be necessary to pump wastewater prior to grit removal, the design of the wet well
should receive special attention, and the design of the discharge piping should be to prevent grit
settling in pump discharge lines of pumps not operating.

Design of the pumping station should consider the protection of the pump from damage caused
by grit and debris, where warranted. To accomplish this--maintain minimum pump operational
speeds, through the installation of bar screens with a grinder or comminutor, or similar devices.
For the larger or deeper stations, duplicate protection units, each sized at full capacity, are
preferred.

2.5.4 Pumping Units
2.5.4.1 Pump Openings
The Division requires pumps be capable of passing a 3-inch compressible solid. The
Division requires pump suction and discharge openings to be at least 4 inches in
diameter unless it is a pump with chopping or grinding capabilities.
2.5.4.2 Priming

The Division requires the placement of pumps so that under normal operating
conditions they will operate under a positive suction head (except for suction lift

pumps).
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2.5.4.3 Intake

Each pump should have an individual intake. Wet well design should be such as to
avoid turbulence near the intake.

2.5.4.4 Controls

The location of controls should ensure that the flows entering the wet well to not affect
them, by the suction of the pumps, or by proximity to wet well walls. Controls must be
able to activate additional pumps if the water in the wet well continues to rise. Controls
can be float switches, air-operated pneumatic, radar, ultrasonic or capacitance probe
types. Provisions should be made to automatically alternate the pumps in use. Pumping
stations with motors and/or controls below grade should be equipped with a secure
external disconnect switch. The Division requires consideration of an “intrinsically
safe” power source if float switches are used.

The Division requires consideration of redundant controls and/or remote monitoring to
assist in preventing overflows.

2.5.5 Flow Measurement
At pumping stations with flow capacity greater than 0.5 million gallons per day (mgd), the
Division recommends providing suitable devices for measuring flow.

2.5.6 Alarm System
The Division recommends an alarm system for all pumping stations such as, telemetry alarm to
24-hour monitoring stations or telephone alarms to duty personnel (when reliability
classification or property damage warrants it). The Division requires an audiovisual device at
the station for external observation when telemetry is not used.
The Division requires alarms for high wet well and power failure, as a minimum, for all
pumping stations. For larger stations, the Division requires alarms signalizing pump and other
component failures or malfunctions.
The Division requires a backup power supply, such as a battery pack with an automatic
switchover feature, for the alarm system, such that a failure of the primary power source will
not disable the alarm system. The alarm system must be tested and verified that it is in good
working order.

2.5.7 Overflows and/or Bypasses
Pumping stations should be designed and built without any type of overflow or bypass
structure.

2.6 Special Details

2.6.1 General
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2.6.1.1 Materials

Materials must not contain hydrogen sulfide and other corrosive gases, greases, oils,
and other constituents frequently present in wastewater. The Division recommends the
use of concrete additives or protective coatings to prevent deterioration caused by
corrosive gases.

2.6.1.2 Electrical Equipment

Electrical systems and components (e.g., motors, lights, cables, conduits, switchboxes,
and control circuits) in enclosed or partially enclosed spaces where flammable mixtures
occasionally may be present (including raw wastewater wet wells) should comply with
the National Electrical Code requirements for Class I Division 1 locations.

2.6.1.3 Water Supply

There should be no physical connection between any potable water supply and a
wastewater pumping station that under any conditions might cause contamination of the
potable water supply. A potable water supply must comply with conditions stipulated
in section 2.4.2.

2.6.1.4 Lighting
Adequate lighting is required for the entire pumping station.
2.6.1.5 Pump and Motor Removal

The Division requires the removal of pumps, motors, and other equipment, without
interruption of system service.

2.6.1.6 Safety

The Division requires suitable and safe means of access to equipment requiring
inspection or maintenance and that stairways and ladders satisfy all OSHA
requirements.

2.6.1.7 Valves and Piping

The Division requires suitable shutoff valves on suction and discharge lines of each
pump for normal pump isolation and a check valve on each discharge line between the
shutoff valve and the pump. Pump suction and discharge piping should not be less than
4 inches in diameter except where design of special equipment allows. The velocity in
the suction line should not exceed 6 feet per second and, in the discharge piping, 8 feet
per second. A separate shutoff valve is desirable on the common line leaving the
pumping station.

January 2016 2-20 Design Criteria Ch. 2

264



TDEC - Fleming Training Center Section 15

2.6.1.8 Ventilation

The Division requires ventilation for all pumping stations during all periods when the
station is manned. Portable ventilation equipment is acceptable for small pumping
stations. Mechanical ventilation is required if screens or mechanical equipment, which
might require periodic maintenance and inspection, are located in the wet well. In pits
over 15 feet deep, multiple inlets and outlets are desirable. The Division requires that
dampers not be used on exhaust or fresh air ducts, and fine screens or other obstructions
in air ducts should be avoided to prevent clogging.

2.6.2 Wet Well - Dry Well Stations

2.6.2.1 Separation

The Division requires complete separation of wet and dry wells, including their
superstructures.

The Division recommends dividing the wet well into two sections, properly
interconnected, to facilitate repairs and cleaning where continuity of pumping station
operation is necessary.

2.6.2.2 Wet Well Size and Design

Provide an evaluation of the effective capacity of the wet well based on pumping
requirements and reliability classifications.

Wet well design should consider approaches for minimizing solids deposition.

2.6.2.3 Dry Well Dewatering

The Division requires a separate sump pump in the dry wells to remove leakage or
drainage with the discharge above the high water level of the wet well. The Division
will not approve water ejectors connected to a potable water supply. All floor and
walkway surfaces should have an adequate slope to a point of drainage.

2.6.3 Suction Lift Stations

2.6.3.1 Priming

January 2016

Conventional suction-lift pumps should be of the self-priming type, as demonstrated by
a reliable record of satisfactory operation. The maximum recommended lift for a
suction lift pumping station is 15 feet, using pumps of 200 gallons per minute (gpm)
capacity or less.

2-21 Design Criteria Ch. 2
265



Section 15 TDEC - Fleming Training Center

2.6.3.2 Capacity

The capacity of suction lift pumping stations should be limited by the net positive
suction head and specific speed requirements, as stated on the manufacturer’s pump
curve, for the most severe operating conditions.

2.6.3.3 Air Relief

a. Air Relief Lines
An air relief line on the pump discharge piping is required for all suction lift
pumps. This line should be located at the maximum elevation between the pump
discharge flange and the discharge check valve to ensure the maximum bleed-off of
entrapped air. The air relief line should terminate in the wet well or suitable sump
and be open to the atmosphere.

b. Air Relief Valves
The Division requires air relief valves in air relief lines on pumps not discharging to

gravity sewer collection systems. The air relief valve should be located as close as
practical to the discharge side of the pump.

2.6.3.4 Pump Location

For standard designs, suction lift pumps are mounted on the wet well but not within the
wet well.

2.6.3.5 Access to Wet Well

Access to the wet well should not be through the dry well, and the dry well should have
a gastight seal when mounted directly above the wet well.

2.6.4 Submersible Pumps
2.6.4.1 Pump Removal

Submersible pumps should be readily removable and replaceable without dewatering
the wet well or requiring personnel to enter the wet well.

The Division recommends a hoist or crane system for removing the pumps from the wet
well either through a permanent installation at the site or a mobile system that could be
utilized at multiple sites.

2.6.4.2 Controls

The control panel should be located outside the wet well and suitably protected from
weather, humidity, vandalism, and gases migrating from the wet well.
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2.6.5

2.7

2.7.1

2.7.2

2.7.3

2.74

2.6.4.3 Valves
The Division recommends all control valves on the discharge line for each pump in a
convenient location outside the wet well in separate pits and protected from weather and
vandalism.

2.6.4.4 Submergence

Positive provision, such as backup controls, is required to assure submergence of the
pumping units.

Grinder and Effluent Pumps

The requirements for grinder pumps are included in Section 2.3.6.

Operability and Reliability

Obijective

The objective of reliability is to prevent the discharge of raw or partially treated wastewater to
any waters and to protect public health by preventing backup of wastewater and subsequent
discharge to basements, streets, and other public and private property.

Backup Units

A minimum of two pumps or pneumatic ejectors are required in each station in accordance with
section 2.5.2.

Power Outages

An emergency power source or auxiliary power is required for all pumping stations larger than
1 MGD to ensure continuous operability unless experience has shown the frequency and
duration of outages to be low and the pumping station and/or sewers provide storage sufficient
for expected interruptions in power service.

Emergency Power Supply (for Treatment Plants as well as Pumping stations)

2.7.4.1 General

The Division requires provision of an emergency power supply for pumping stations
(and treatment plants) to at least two independent public utility sources, or by provision
of portable or in-place internal combustion engine equipment that will generate
electrical or mechanical energy, or by the provision of portable pumping equipment.
Emergency power must be provided for all stations which are 1 MGD or larger, or as
determined by the reliability classification.
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Emergency power should be provided that, alone or combined with storage, will prevent
overflows from occurring during any power outage that is equal to the maximum outage
in the immediate area during the last 10 years. If available data were less than 10 years,
an evaluation of a similar area served by the power utility for 10 years would be
appropriate.

2.7.4.2 In -Place Equipment

The utilization of in-place internal combustion equipment requires the following
guidelines:
a. Placement: bolted in place. Facilities for unit removal for purposes of major

repair or routine maintenance.

Controls: automatic and manual startup and cut-in.

Size: adequate to provide power for lighting and ventilation systems and
such further systems that affect capability and safety as well as the pumps.

d. Engine Location: located above grade, with suitable and adequate
ventilation of exhaust gases.

e. Underground Fuel Storage Tank: design and construction must conform to
the applicable requirements of Federal Regulations 40 CFR 280 and 281.
Contact the Tennessee Division of Superfund, Underground Storage Tank
Program, for guidance.

2.7.4.3 Portable Equipment
The utilization of portable equipment requires the following guidelines:
Pumping units have connections to operate between the wet well and the discharge side

of station and the station provided with permanent fixtures that will facilitate rapid and
easy connection of lines.

2.7.5 Storage
The Division requires wet well and tributary main capacity above the high-level alarm
sufficient to hold the peak flow expected during the maximum power outage duration during
the last 10 years.

2.8 Force Mains

2.8.1 Size
Minimum size force mains required to be not less than 4 inches in diameter, except for grinder
pumps or septic tank effluent applications
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2.8.2

2.8.3

2.8.4

2.8.5

2.8.6

Velocity

At pumping capacity, a minimum self-scouring velocity of 3 feet per second (fps) should be
maintained unless flushing facilities are provided. Velocity should not exceed 8 fps.

Air/Vacuum Relief Valve

An air relief valve is required at the necessary high points in the force main to relieve air
locking. Vacuum relief values may be necessary to relieve negative pressures on force mains to
protect against pipe collapse.

Termination

The force main should enter the receiving manhole with its centerline horizontal and with an
invert elevation that will ensure a smooth flow transition to the gravity flow section; but in no
case should the force main enter the gravity sewer system at a point more than 1 foot above the
flow line of the receiving manhole. The design should minimize turbulence at the point of
discharge.

The Division requires the use of inert materials or protective coatings for the receiving manhole
to prevent deterioration because of hydrogen sulfide or other chemicals where such chemicals
are present or suspected to be present because of industrial discharges or long force mains.

Materials of Construction

The pipe material should be adapted to local conditions, such as character of industrial wastes,
soil characteristics, exceptionally heavy external loadings, internal erosion, corrosion, and
similar problems.

Installation specification should contain appropriate requirements based on the criteria,
standards, and requirements established by the industry in its technical publications.
Requirements should be set forth in the specifications for the pipe and methods of bedding and
backfilling thereof so as not to damage the pipe or its joints, impede cleaning operations, not
create excessive side fill pressures or ovality of the pipe, nor seriously impair flow capacity.

The Division requires that the design of all pipes prevent damage from superimposed loads.
Proper design allowance for loads on the pipe because of the width and depth of trench is
required.

Pressure Tests
The Division requires testing, before backfilling, of all force mains at a minimum pressure of at

least 50 percent above the design operating pressure for at least 30 minutes. Leakage should
not exceed the amount given by the following formula:
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L = ND (P)"° /7,400
Where L is allowable leakage in gallons per hour
N is the number of pipe joints
D is the pipe diameter in inches
P is the test pressure in psi

2.8.7 Anchorage

The Division requires sufficient anchorage of force mains within the pumping station and
throughout the line length to include, thrust blocks, restrained joints, and/or tie rods.

2.8.8 Friction Losses
The Division requires the use of a C factor that will take into consideration the conditions of
the force main at its design usage. For example, a grease-coated pipe after several years will
not have the same C factor as a new pipe.

2.8.9 Water Hammer
The force main design should investigate the potential for the existence of water hammer.

2.8.10 Isolation and Valving

The Division recommends the installation of isolation valves at strategic locations along the
force main to facilitate maintenance of the system.
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APPENDIX 2-A

Design Basis for Wastewater Flow and Loadings

Table 2-A.1. Typical Wastewater Flow Rates from Commercial Sources
(Source: Crites and Tchobanoglous, 1998)

FACILITY UNIT Flow, gallons!unltr'daw_f
Range Typical

Adrport Passenger 2-4 3
Apartment House Person 40 - 80 50
) ] i Vehicle served 8-15 12
Automobile Senvice Station Employee 915 13
Bar Customer 1-5 3
Employee 10-16 13

Boarding House Person 25-60 40

Toilet Room 400 - 600 500

Department Store Employee 5.15 10
Hotel Guest 40 -60 50
ote Employee 8-13 10
I[Jnnc:;l)slnal Building (Sanitary waste Employee 7_16 13

Laundry (self service) Machine 450 - 650 550
Wash 45-55 50

Office Employee 7-16 13
Public Lavatory User 3-6 5
Restaurant (with toilet) Meal 2-4 3
Conventional Customer §-10 8
Short order Customer 3-8 5]
Bar/cocktail lounge Customer 2-4 3

] Employee 7-13 10
Shopping Center Parkil?ug gpace 1-3 2
Theater Seat 2-4 3

Table 2-A.2. Typical Wastewater Flow Rates from Institutional Sources
(Source: Crites and Tchobanoglous, 1998)

EACILITY UNIT Flow, gallons!unltfda?r
Range Typical
Assembly Hall Seat 2-4 3
) ] Bed 125 -240 165
Hospital, Medical Employee 5 15 10
] Bed 75-140 100
Hospital, Mental Employee 5 15 10
. Inmate 80-150 120
Prison Employee 5.15 10
Rest Home Resident 50-120 90
Employee 5-15 10
School, day-only:
With cafeteria, gym, showers Student 15-30 25
With cafeteria only Student 10-20 15
Without cafeteria, gym, or showers Student 5-17 11
School, boarding Student 50-100 79
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Table 2-A.3. Typical Wastewater Flow Rates from Commercial Sources
(Source: Crites and Tchobanoglous, 1998)

Flow, gallons/unit'day

FACILITY UNIT -
Range Typical
Apartment, resort Ferson h0-70 Go
Bowling Alley Alley 160 - 250 200
Cabin, resaort Ferson 8 -a0 40
Cafeteria Customer 1-3 2
Emploves g-12 10
Camps:
Fioneer Type Ferson 15-30 25
Children's, with central toilet/bath Ferson 35-580 45
Day, with meals Ferson 10-20 15
Day, without meals Ferson 10-15 13
Luxury, private bath Ferson Ta-100 ano
TrailerCamp Ferson Th-125 125
Campground-developed Ferson 20-40 20
Cocktail Lounge Seat 12 -25 20
Customer 4-8 G
Coffee Shop Employee 512 10
Guests on-site G60-130 100
Country Club Employee 1015 13
Dining Hall Meal Served 4 -10 T
Cormitory/bunkhouse Ferson 20-50 40
Fairground Wisitor 1-2 2
Hotel, resort Ferson 40 - G0 50
Ficnic park, flush toilets Wisitor 5-10 8
Store, resort Customer 1-4 3
i Emplovee g-12 10
Swimming Pool Customer 5-12 10
Emplovee g-12 10
Theater Seat 2-4 3
Visitor Center Visitor 4-8 5
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4.2.5

4.3

4.4

441

442

443

Operability

Adjustable control valves shall be included in each diffuser air line to control
mixing and particle segregation. Variable speed arrangements should be provided
in cyclone or mechanical type systems. Provisions shall be made for isolation and
dewatering each unit or units.

Pre-Aeration

Pre-aeration is desirable in certain instances, such as to reduce septicity.
Pre-aeration may be required where pressure or small diameter collection systems
are used. Long detention times in pump stations or collection lines should also be
considered. Units shall be designed so that removal from service will not
interfere with normal plant operations.

Flow Equalization
General

Equalization may be used to minimize random or cyclic peaking of organic or
hydraulic loadings when the total flow is ultimately processed through the plant.
Either in-line or side-line equalization is acceptable. Equalization may be required
where peak flows are greater than 2 times the average design flow.

Location

Tanks are generally located after screening and grit removal. Care should be
taken in design to minimize solids deposition if located upstream of primary
clarifiers. Equalization downstream of primary clarifiers should be investigated,
as primary clarifier performance is less sensitive to flow peaking when compared
to other processes. Other locations will be evaluated on a case-by-case basis.

Design and Operability

Generally, aeration will be required. Minimum requirements are to maintain 1.0
mg/l of dissolved oxygen. Odor consideration must be addressed when a plant is
located in a sensitive area or large equalization basins are used. Large tanks must
be divided into compartments to allow for operational flexibility, repair and
cleaning. Each compartment shall be capable of dewatering and access. In plant
upgrades, existing units which are otherwise to be abandoned may be used for
equalization, where possible. Sizing the tankage and compartments will depend
on the intended use; i.e., when equalization is for periodic high organic loadings,
peak flow events, toxics, etc. A complete analysis shall accompany all
engineering report (or plan) submission.
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13.2

13.3

CHAPTER 13

TDEC - Fleming Training Center

Plant Flow Measurement and Sampling

Purpose

Flow Measurement

13.2.1 General Considerations

13.2.2 Parshall Flumes

13.2.3 Sharp Crested Weirs

13.2.4 Venturi and Modified Flow Tube Meters

13.2.5 Other Flow Metering Devices

13.2.6 Hydrograph Controlled Release (HCR) Systems

Sampling

13.3.1 Automatic Sampling Equipment
13.3.2 Manual Sampling

13.3.3 Long Outfall Lines

13.3.4 Sampling Schedules
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PLANT FLOW MEASUREMENT AND SAMPLING

13.1 Purpose

Complete and accurate flow measuring and sampling are essential in the proper
treatment of wastewater. Compliance with discharge limits requires proper flow
measurement and sampling. They provide the operator with the information to
optimize process control and operational costs, as well as providing an accurate
data base of flows and process performance which can be used to analyze changes
in operational strategy or assist future plant design.

13.2 Flow Measurement

13.2.1 General Considerations

13.2.1.1 Facilities for measuring the volume of sewage flows should be provided
at all treatment works.

13.2.1.2 Plants with a capacity equal to or less than 100,000 gallons per day
(gpd) shall be equipped, as a minimum, with a primary metering device
such as: a Parshall flume having a separate float well and staff gauge, a
weir box having plate and staff gauge, or other approved devices.
Continuous recording devices may be required where circumstances
warrant.

13.2.1.3 Plants having a capacity of greater than 100,000 gpd shall be provided
with indicating, recording, and totalizing equipment using strip or
circular charts and with flow charts for periods of 1 or 7 days. The chart
size shall be sufficient to accurately record and depict the flow
measured.

13.2.1.4 Flows passed through the plant and flows bypassed shall be measured in
a manner which will allow them to be distinguished and separately
reported.

13.2.1.5 Measuring equipment shall be provided which is accurate under all
expected flow conditions (minimum initial flow and maximum design
peak flow). The accuracy of the total flow monitoring system (primary
device, transmitter, and indicator) must be acceptable. The effect of
such factors as ambient temperature, power source voltage, electronic
interference, and humidity should be considered. Surges must be
eliminated to provide accurate measurement.
Two primary devices and flow charts may be required in some cases.
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13.2.1.6 Metering devices within a sewage works shall be located so that recycle
flow streams do not inadvertently affect the flow measurement. In some
cases, measurement of the total flow (influent plus recycle) may be
desirable.

13.2.1.7 All clarifiers must be provided with a means for accurate flow
measurement of sludge wasting and sludge return lines so that solids
handling can be controlled. Sludge digesters, thickeners, and holding
tanks should be provided with some way to determine the volume of
sludge added or removed. This can be accomplished by a sidewall
depth scale or graduation in batch operations.

13.2.1.8 Flow meter and indicator selection should be justified considering
factors such as probable flow range, acceptable headloss, required
accuracy, and fouling ability of the water to be measured. For more
detailed information the consultant is encouraged to read the EPA
Design Information Report "Flow Measurement Instrumentation™;
Journal WPCF, Volume 58, Number 10, pp. 1005-1009. This report
offers many installation details and considerations for different types of
flow monitoring equipment.

13.2.1.9 Flow splitter boxes shall be constructed so that they are reliable, easily
controllable, and accessible for maintenance purposes.

13.2.1.10 Where influent and effluent flow-proportional composite sampling is
required, separate influent and effluent flow measuring equipment is
required.

13.2.1.11 Consideration should be given to providing some types of flow meters
with bypass piping and valving for cleaning and maintenance purposes.

13.2.2 Parshall Flumes

Parshall Flumes are ideal for measuring flows of raw sewage and primary
effluents because clogging problems are usually minimal.

The properly sized flume should be selected for the flow range to be encountered.
All Parshall Flumes must be designed to the specified dimensions of an
acceptable reference.

The following requirements must be met when designing a Parshall Flume.

13.2.2.1 Flow should be evenly distributed across the width of the channel.

13.2.2.2 The crest must have a smooth, definite edge. If a liner is used, all screws
and bolts should be countersunk.
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13.2.2.3 Longitudinal and lateral axes of the crest floor must be level.

13.2.2.4 The location of the head measuring points (stilling well) must be
two-thirds the length of the converging sidewall upstream from the crest.
Sonar-type devices are only acceptable when foaming or turbulance is
not a problem.

13.2.2.5 The pressure tap to the stilling well must be at right angles to the wall of
the converging section.

13.2.2.6 The invert (i.e., inside bottom) of the pressure tap must be at the same
elevation as the crest.

13.2.2.7 The tap should be flush with the flume side wall and have square, sharp
corners free from burrs or other projections.

13.2.2.8 The tap pipe should be 2 inches in size and be horizontal or slope
downward to the stilling well.

13.2.2.9 Free-flow conditions shall be maintained under all flow rates to be
encountered by providing low enough elevations downstream of the
flume. No constrictions (i.e., sharp bends or decrease in pipe size)
should be placed after the flume as this might cause submergence under
high flow conditions.

13.2.2.10 The volume of the stilling well should be determined by the conditions
of flow. For flows that vary rapidly, the volume should be small so that
the instrument float can respond quickly to the changes in rate. For
relatively steady flows, a large-volume stilling well is acceptable.
Consideration should be given to protecting the stilling well from
freezing.

13.2.2.11 Drain and shut-off valves shall be provided to empty and clean the
stilling well.

13.2.2.12 Means shall be provided for accurately maintaining a level in the
stilling well at the same elevation as the crest in the flume, to permit
adjusting the instrument to zero flow conditions.

13.2.2.13 The flume must be located where a uniform channel width is
maintained ahead of the flume for a distance equal to or greater than
fifteen (15) channel widths.
The approach channel must be straight and the approaching flow must
not be turbulent, surging, or unbalanced. Flow -lines should be
essentially parallel to the centerline of the flume.
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13.2.3 Sharp Crested Weirs

The following criteria are for VV-notch weirs, rectangular weirs with and without
end contractions, and Cipolletti weirs. The following details must be met when
designing a sharp crested weir:

13.2.3.1 The weir must be installed so that it is perpendicular to the axis of flow.
The upstream face of the bulkhead must be smooth.

13.2.3.2 The thickness of the weir crest should be less than 0.1 inch or the
downstream edge of the crest must be relieved by chamfering at a 45°
angle so that the horizontal (unchamfered) thickness of the weir is less
than 0.1 inch.

13.2.3.3 The sides of rectangular contracted weirs must be truly vertical. Angles
of V-notch weirs must be cut precisely. All corners must be machined or
filed perpendicular to the upstream face so that the weir will be free of
burrs or scratches.

13.2.3.4 The distance from the weir crest to the bottom of the approach channel
must be greater than twice the maximum weir head and is never to be
less than one foot.

13.2.3.5 The distance from the sides of the weir to the side of the approach
channel must be greater than twice the maximum weir head and is never
to be less than one foot (except for rectangular weirs without end
contractions.

13.2.3.6 The nappe (overflow sheet) must touch only the upstream edges of the
weir crest or notch. If properly designed, air should circulate freely
under and on both sides of the nappe. For suppressed rectangular weirs
(i.e., no contractions), the enclosed space under the nappe must be
adequately ventilated to maintain accurate head and discharge
relationships.

13.2.3.7 The measurement of head on the weir must be taken at a point at least
four (4) times the maximum head on the crest upstream from the weir.

13.2.3.8 The cross - sectional area of the approach channel must be at least eight
(8) times that of the nappe at the crest for a distance upstream of 15-20
times the maximum head on the crest in order to minimize the approach
velocity.
The approach channel must be straight and uniform upstream of the weir
for the same distance, with the exception of weirs with end contractions
where a uniform cross section is not needed.
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13.2.3.9 The head on the weir must have at least three (3) inches of free fall at the
maximum downstream water surface to ensure free fall and aeration of
the nappe.

13.2.3.10 All of the flow must pass over the weir and no leakage at the weir plate
edges or bottom is permissable.

13.2.3.11 The weir plate is to be constructed of a material equal to or more
resistant than 304 Stainless Steel.

13.2.4 Venturi and Modified Flow Tube Meters
The following requirements should be observed for application of venturi meters:

13.2.4.1 The range of flows, hydraulic gradient, and space available for
installation must be suitable for a venturi meter and are very important
in selecting the mode of transmission to the indicator, recorder, or
totalizer.

13.2.4.2 Venturi meters shall not be used where the range of flows is too great or
where the liquid may not be under a positive head at all times.

13.2.4.3 Cleanouts or handholes are desirable, particularly on units handling raw
sewage or sludge.

13.2.4.4 Units used to measure air delivered by positive - displacement blowers
should be located as far as possible from the blowers, or means should
be provided to dampen blower pulsations.

13.2.4.5 The velocity and direction of the flow in the pipe ahead of the meter can
have a detrimental effect on accuracy. There should be no bends or other
fittings for 6 pipe diameters upstream of the venturi meter, unless treated
effluent is being measured when straightening vanes are provided.

13.2.4.6 Other design guidelines as provided by manufacturers of venturi meters
should also be considered.
13.2.5 Other Flow Metering Devices
Flow meters, such as propeller meters, magnetic flow meters, orifice meters, pitot

tubes, and other devices, should only be used in applications in accordance with
the manufacturer's recommendations and design guidelines.
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13.2.6 Hydrograph Controlled Release (HCR) Systems

For plants utilizing HCR systems, accurate stream flow measurements are
required. Detailed plans must be submitted outlining the construction of the
primary stream flow measuring device and the associated instrumentation. The
following factors should be emphasized in the design.

13.2.6.1 Accuracy over the flow range required for effluent discharge limiting
purposes.

13.2.6.2 Operational factors such as cleaning and maintenance requirements.
13.2.6.3 Cost

The use of sharp crested weirs as described in Section 13.2.3 will not be
allowed due to the installation requirements such as approach channel
details and upstream pool depth and since entrapment and accumulation
of silt and debris may cause the device to measure inaccurately. Parshall
Flumes may be used due to their self-cleaning ability but field
calibration will be required.  Self-cleaning V-notch weirs are
recommended due to their accuracy in low flow ranges. The weir can be
made self-cleaning by sloping both sides of the weir away from the
crest. The top portion of the crest shall be covered with angle-iron to
prevent its breakdown. The angle of the VV-notch should be determined
by the stream characteristics; however, a smaller angle will increase
accuracy in the low flow range. The primary device shall be built with
sufficient depth into the stream bed to prevent undercutting and
sufficient height to cover the required flow range.

It is recommended that the wastewater system director, engineer, or
other city official contact the U.S. Geological Survey (USGS), Water
Resources Division, in Nashville, Tennessee, for assistance with the
design and installation of the flow measuring device. They offer a
program which shares much of the costs for designing and maintaining
the device. After visiting the site, they can assist with the design of a
self-cleaning weir for the stream. They provide the consultant with a
field design that shows the proper location and installation of the weir.
From this field design, the consultant must provide detailed plans to the
State.

The wastewater system is responsible for constructing the weir at their
own cost. The flow measuring station is installed, maintained, and
calibrated by USGS personnel so that accurate results are insured.

The primary device will record continuous flow of the stream and can be

designed to send a feedback signal to the WWTP for other purposes
such as controlling plant discharge rates.
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This program benefits both the local wastewater system, the State of
Tennessee, and the USGS, as it adds to stream flow data bases archived
for public use. Cost sharing allows the flow measuring station to be
built and operated at a lower cost for all parties concerned.

13.3 Sampling

13.3.1 Automatic Sampling Equipment

The following general guidelines should be adhered to in the use of automatic
samplers:

13.3.1.1 Automatic samplers shall be used where composite sampling is
necessary.

13.3.1.2 The sampling device shall be located near the source being sampled, to
prevent sample degradation in the line.

13.3.1.3 Long sampling transmission lines should be avoided.

13.3.1.4 If sampling transmission lines are used, they shall be large enough to
prevent plugging, yet have velocities sufficient to prevent
sedimentation. Provisions shall be included to make sample lines
cleanable. Minimum velocities in sample lines shall be 3 feet per
second under all operating conditions.

13.3.1.5 Samples shall be refrigerated unless the samples will not be effected by
biological degradation.

13.3.1.6 Sampler inlet lines shall be located where the flow stream is well mixed
and representative of the total flow.

13.3.1.7 Influent automatic samplers should draw a sample downstream of bar
screens or comminutors. They should be located before any return
sludge lines or scum lines.

13.3.1.8 Effluent sampling should draw a sample immediately upstream of the
chlorination point. This will eliminate the need to dechlorinate and then
re-seed the sample.
13.3.2 Manual Sampling

Because grab samples are manually obtained, safe access to sampling sites should
be considered in the design of treatment facilities.
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13.3.3 Long Outfall Lines

Many wastewater systems are constructing long outfall lines to take advantage of
secondary or equivalent permit limits.

Due to possible changes in effluent quality between the treatment facility and the
outfall, a remote sampling station will be required at or near the confluence of the
outfall line and the receiving stream on all outfall lines greater than one mile in
length.

Dissolved oxygen, fecal coliform, and chlorine residual may have to be measured
at the remote sampling station for permit compliance purposes.

13.3.4 Sampling Schedules

Samples must be taken and analyzed for two purposes: permit compliance and
process control. Any time a new permit is issued, a sampling schedule for permit
compliance will be determined by the Division of Water Pollution Control. An
additional sampling program needs to be set up for process control purposes. This
would include all testing required for completing the monthly operational report,
as well as any other tests that might aid the operation of the plant. This schedule
can be determined by the Division of Water Pollution Control, Wastewater
Treatment Section or the appropriate field office once final plans are approved.
The designer shall provide safe access points to collect representative influent and
effluent samples of all treatment units and to collect samples of all sludge
transmission lines. This makes it possible to determine the efficiency of each
treatment process. Additional information about methods of analyses can be
obtained from the Federal Register 40 CFR Part 136. Information about sampling
locations and techniques can be obtained from the EPA Aerobic Biological
Wastewater Treatment Facilities Process Control Manual and EPA's NPDES
Compliance Inspection Manual.
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Certification Title

Biological/Natural Systems
Collection 1

Collection 2
Distribution 1
Distribution 2

Small Water System
Water Treatment 1
Water Treatment 2
Water Treatment 3
Water Treatment 4
Wastewater Treatment 1
Wastewater Treatment 2
Wastewater Treatment 3

Wastewater Treatment 4

Section 15

Continuing Education
Requirements

The following hours of Continuing Education are required to
maintain certification.

Number of Continuing Education Hours

Needed

6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
6 hours every 3 years
12 hours every 3 years
12 hours every 3 years
6 hours every 3 years
6 hours every 3 years
12 hours every 3 years

12 hours every 3 years

Fleming Training Center
2022 Blanton Drive
Murfreesboro, TN 37129
Phone: 615-898-8090
Fax: 615- 898-8064

Beginning October 1, 2002
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Sacramento Review
Questions

What is another name for a
wastewater collection system?

Septage system
Septic system
Sewerage system
Storm sewer

*Volume 1, Chapter 1 — Introduction to Wastewater Collection

What utilities must be shut off

immediately when basements
flood?

TDEC - Fleming Training Center

References

 Volume 2, Eighth Edition

wror WASTEWATER " - WASTEWATER
ECTION SYSTEMS COLLECTION SYSTEMS

S WATER PROGRAMS 8 WATER PROGRAMS

Because other underground utilities are
normally installed near the wastewater
collection, what is one other service that
could also be disrupted if a collection
system fails due to leaking sewer mains?

Cell phone service
Emergency service
Solid waste service
Water service

*Volume 1, Chapter 1

Once wastewater is collected from
residences and businesses, where
does it go?

Cable and internet

Electricity and gas

Municipal separate stormwater collection system
Solid waste and backup generators

*Volume 1, Chapter 1

Holding tanks in the collection system
Local bodies of water

Municipal separate stormwater collection
systems

Wastewater treatment plants

*Volume 1, Chapter 1
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By using the latest technology and
technigues, where can most

collection systems operations be
performed?

Aboveground
Confined spaces
Control rooms
Vehicles

*Volume 1, Chapter 1

Section 16

If operators must work

underground, how should the work
be done?

Quickly

Safely

Using ditching equipment
With shoring

*Volume 1, Chapter 1

Why must the operator of a small

collection system be a jack-of-all-

What is one aspect of incorrect
installation of collection systems
that causes problems?

trades?

Because of the diversity of tasks

Because of the lack of work for a full-time
operator

Because of the need to find other work to
provide additional income

Because of the requirement to continually train

part-time operators
*Volume 1, Chapter 1

Faulty construction

Flexible pipe joints

Preventive maintenance programs
Sufficient flow

*Volume 1, Chapter 1

What will prevent root intrusion
into collection systems?

Why are people not very concerned
about collection systems?

Rigid joints
Scouring action
Sufficient flow
Vapor-tight joints

*Volume 1, Chapter 1

Collection systems are not as important as other
community assets such as roadways and traffic signals

Collection systems are out of sight, and thus out of mind
Collections systems are too expensive to maintain

Collection systems rarely have problems that cause
concern

*Volume 1, Chapter 1
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Which infrastructure project has

incurred the largest investment in
most communities?

What does the term inflow refer to
in a wastewater collection system?

Electrical power grid
Government buildings

Streets and sidewalks
Wastewater collection systems

*Volume 1, Chapter 1

Liquid wastes and liquid-carried wastes that unintentionally leak
out of a sewer pipe system and into the environment

The seepage of groundwater into a collection system, including
service connections

Water discharged into a collection system and service
connections from sources other than regular connections

Water or wastewater flowing from a higher elevation due to the
force of gravity

*Volume 1, Chapter 1

What is one cause of an ineffective

maintenance program?

Which components are part of a
wastewater collection system?

Airtight joints

Poor records

Regular analysis of records
Sufficient flows

*Volume 1, Chapter 1

Clarifiers and disinfection basins
Force mains and manholes

Intake facilities and digesters
Sedimentation and flotation basins

*Volume 1, Chapter 1

What is asset management?

A system whereby managers prioritize the collection system
agency’s assets

A system whereby the collection system agency’s assets are
managed on a priority basis

A system whereby things that are monitored and maintained are
of value to the collection system agency

A system whereby things that are of value to the collection
system agency are monitored and maintained

*Volume 1, Chapter 1

What are important elements in the

of an effective maintenance
program?

Emergency repairs

Frequency and schedule of maintenance activities
Poor recordkeeping

Sanitary sewer overflows

*Volume 1, Chapter 1
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What is one of the standard permit
conditions for owners of sanitary

sewer collection systems in the
proposed sanitary sewer overflow
(SSO) rule?
Expand collection systems
Increase the impact of SSOs

Prohibition on SSOs
Reduce capacity

*Volume 1, Chapter 1

Section 16

In some locations, the replacement of
sewer pipes is extremely expensive and

practically impossible because of which
factor?

Because of the close proximity of other utilities
Because of the rising costs of shoring materials

Because operators must be trained and certified to
replace sewer pipes

Because the pipes must be excavated in city streets,
which would impede traffic

*Volume 1, Chapter 1

What is monitored as part of the O&M

program in well-managed wastewater

Which items are sources of pressure
on the financial resources of a
wastewater collection system agency?

collection system agencies?
Chain of custody records
Human and material resources
Locations of sidewalk upheavals
pH and dissolved oxygen levels

*Volume 1, Chapter 1

Fewer federal, state, and local environmental
regulations

Fewer safety regulations and less enforcement
Increase in the skilled labor pool
Reduction of federal, state, and local funds

*Volume 1, Chapter 1

Why should design engineers consult
collection system operators who know
how and why wastewater collection
systems work?

What problems can occur when
velocities in a collection system are too
high or too low?

To allow design engineers to evaluate the competency of
collection system operators

To improve the design and construction of future systems

To provide operators with the opportunity to educate design
engineers

To reduce the time design engineers have to spend on
design and construction of projects

*Volume 1, Chapter 2 — Wastewater Collection Systems

The velocities can be difficult to measure and record

The velocities can collect and release hydrogen sulfide
gas

The velocities can enhance the inhibition of corrosion

The velocities can interfere with the operation and
maintenance of the system

*Volume 1, Chapter 2
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How is wastewater in collection
systems usually conveyed?

TDEC - Fleming Training Center

Which sources are included in

determining the amount of wastewater
that a collection system will convey?

Evaporation
Gravity
Precipitation
Suction

*Volume 1, Chapter 2

Commercial and domestic wastewater

Hazardous discharges and pollution mitigation flows
Irrigation runoff and canal overflow

Precipitation and stormwater

*Volume 1, Chapter 2

What is infiltration?

What might cause design velocities in

sewers to be reduced?

The direct discharge of water into a collection system

The percolation of septic tank effluent into a collection
system

The release of boiler feed water directly into a collection
system

The seepage of groundwater into a collection system

*Volume 1, Chapter 2

Changes in pipe material

Increase in sewer line maintenance activities
Reduction in design flows

Roots or other obstructions

*Volume 1, Chapter 2

What are used to estimate velocities in

existing sewers flowing partially full?

What will vary proportionally to the
seasonal variation in groundwater
levels and rainfall intensity in a
collection system?

Floats

Markers

Pumps

Vacuum systems

*Volume 1, Chapter 2

Exfiltration and evaporation
Incursion and cross-connections
Infiltration and inflow

Pressure and dissolved oxygen

*Volume 1, Chapter 2
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Why are lift stations used in gravity
What are lateral branch sewers?

collection systems?

Sewers that connect a building’s internal wastewater To lift wastewater when the force of gravity becomes weak
drainage system (plumbing) to the larger street sewer To provide station locations at intervals in the collection system
Sewers that receive the wastewater from trunk sewers and that are most convenient for operation and maintenance tasks
convey it to the treatment plant To pump wastewater to a higher elevation when the slope of the
Sewers that serve as the main arteries of a wastewater route followed by a gravity sewer would cause the sewer to be

laid at an insufficient slope or at an impractical depth

To route wastewater under or around utilities that prevent or
interfere with gravity flow

|_“Volume 1, Chapter 2

collection system

Sewers that serve the upper ends of the street sewer
components of a collection system
2

Which type of collection system’s

principal components are force mains, Why must building sewer connections
grinder pumps, and holding tanks? be constructed with care?
Combination To avoid damage to piping and tapping materials
Gravity To avoid damage to the landscaping
Low-pressure To avoid potential injuries and accidents
Vacuum To avoid sources of groundwater infiltration and sewer
stoppages
|_*Volume 1, Chapter 2 | *Volume 1, Chapter 2

When operators review collection

system designs, which factors should Which factor is not important in
be considered? determining the slope of a sewer line?
As-built or record drawings are accurate Available pipe bedding material
Construction subcontractor agreements Should be adequate to produce gravity flow
Manhole locations Should be adequate to produce the minimum scouring
Professional certifications of designers velocity

The slope of the land along the route of the sewer

|_*Volume 1, Chapter 2 | *Volume 1, Chapter 2
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What conditions may not produce a

scouring or self-cleaning velocity in a What information is needed to
sewer? calculate the flow rate in a sewer?
Maximum daily flow Elevation of the upstream manhole
Minimum daily flow Pipe cross-sectional flow area
Sanitary sewer overflow Population contributing to the flow
Turbulent flow Results of a flowmeter calibration
| “Volume 1, Chapter 2 | *Volume 1, Chapter 2

What kind of pipe is commonly used

Which item is a limitation of cast-iron for force mains, but rarely used for
pipe (grey iron)? gravity sewers?
Low cost Acrylonitrile butadiene styrene
Significant weight Ductile iron
Resistant to chemical attack in corrosive soils Steel
Resistant to shear and beam breakage when improperly Vitrified clay
bedded
|_*Volume 1, Chapter 2 | *Volume 1, Chapter 2

Which type of pipe joint is available for
nearly all types of pipe used in

What is one advantage of polyvinyl

chloride (PVC) pipe?

collection systems?

Difficulty in field cutting and tapping Flanged pipe joint

Heavy weight Heat fusion pipe joint

Long laying lengths Push-on pipe joint

Subject to excessive deflection when improperly bedded Welded pipe joint
L_“Volume 1, Chapter 2 | *Volume 1, Chapter 2
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What can reduce the risk of injury or
fatality to operators and coworkers

before a task is begun?

Carelessness
Hurry
Planning
Shortcuts

In what area should work activity and
storage of equipment, vehicles, and

material not occur?

Buffer space
Stationary work space
Signage space
Channelized space

When must atmospheric testing be

conducted?

After the confined space has been vacated
During warning alarm activation

Only before an operator enters a confined space
While the confined space is occupied

|_*Volume 1, Chapter 3

Section 16

When are governing road authorities
most likely to restrict construction

work in streets?

Low traffic periods
Nighttime hours
Peak traffic periods
Weekend days

|_“Volume 1, Chapter 3

Which item is not a major category of
hazards an operator may encounter

upon entering a manhole?

Atmospheric hazards

Insect, bug, rodent, and snake bites
Physical injuries

Traffic hazards

What does engulfment mean?

Being caught up by mechanical equipment
Being overcome by liquid or gas

divided (flowable) solid substance
Being surrounded by high-voltage electricity

|_*Volume 1, Chapter3

Being surrounded and captured by a liquid or finely

Sacramento Review Questions
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Which items are toxicants that may
enter the wastewater collection

system?
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What type of respirator provides the
highest level of protection?

Acids and bases

Filtered and distilled water
Residential and retail wastewater
Stormwater and drinking water

| *Volume 1, Chapter 3

What should you do if you are working

in a confined space and there is an

atmospheric alarm condition?

Air-purifying respirator

Air-supplying respirator

Emergency escape breathing apparatus
Powered-air purifying respirator

|_“Volume 1, Chapter 3

When using atmospheric analyzers to
test air in confined spaces, in what
order should the tests be performed?

Conduct atmospheric testing in the confined space to
determine the cause of the alarm condition

Get out and stay out until the condition is cleared
Ignore alarms and continue working
Stay in the confined space until rescuers arrive

Why must the electrochemical sensor
in an atmospheric test instrument be

replaced periodically?

Combustible gases, toxic gases, and oxygen content
Oxygen content, combustible gases, and toxic gases
Oxygen content, toxic gases, and combustible gases
Toxic gases, combustible gases, and oxygen content

What skin conditions provide entryway
for disease-causing organisms that may
be carried by water or air?

It becomes corroded

It burns out

It gets plugged

It loses its sensitivity to hydrogen sulfide

|_*Volume 1, Chapter 3

Cuts, bruises, and blisters
Moles, corns, and calluses
Rosacea, rashes, and acne
Vitiligo, hives, and warts

|_*Volume 1, Chapter3
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What must occur if an alarm condition

develops in a confined space?

Area should be evacuated, ventilated, and retested
Atmospheric testing equipment should be recalibrated
Confined space entry permit should be reviewed
Operators should receive additional training

| *Volume 1, Chapter 3

When installing braces or screw jacks,

which one should be installed first?

Section 16

What is shoring?

A complete framework of wood or metal that is
designed to support the walls of a trench

A wooden or metal wall placed on a trench

An area near a body of water with a high groundwater
table

An area where surface water is readily visible and scenic

|_“Volume 1, Chapter 3

Which diseases can be caused by
bacteria that may be present in
untreated domestic wastewater?

Bottom brace or jack
Left brace or jack
Right brace or jack
Top brace or jack

What should be done before working
on any equipment that could

unexpectedly start up or release stored
energy?

Check that all energy sources are connected
Ensure that remote operation systems will function
during repairs
Lock out and tag out the equipment with assigned
devices
Remove all lockout and tagout devices on the
equipment

L_“Volume 1, Chapter 3

Ascariasis and trichuriasis
Cholera and typhoid fever
Giardiasis and amebiasis
Taeniasis and hepatitis

What is the most effective means of

controlling noise?

Operator protection
Path control
Receiver control
Source control

|_*Volume 1, Chapter3
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What type of material is consumed by

a class B fire?
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What information is on safety data
sheets?

Combustible materials
Energized electrical equipment
Flammable liquids and vapors
Ordinary combustibles

What techniques are used to gather
information to develop wastewater collection
system operation and maintenance programs

to ensure that new and existing systems
serve their intended purposes?

Industry-specific information
Pricing information

Product related information
Trade and tariff information

Which types of problems may be
caused by the existence of leaks in a

wastewater collection system?

Compliance and enforcement

Inspection and testing

Recordkeeping and records management
Sampling and data analyses

What is one major source of collection

system problems?

Coordination and communication among local agencies
Good design and proper installation

Improper inspection and enforcement of tap-ins and
service connections

Strict enforcement of sewer-use ordinances

Improved flow rates to wastewater treatment plants
More pipe blockages

Reduced flows in receiving waters stress aquatic life
Public health hazards in nearby wells or open ditches

Which item is not a possible source of

inflow?

Basement sump pumps

Heating and cooling tower water
High levels of groundwater

Roof drains
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How are sources of surface drainage

best located?

Air testing
CCTV

Dye testing
Smoke testing

| *Volume 1, Chapter 4

What is exfiltration?

Wastewater leaking out of the collection system through broken
or damaged pipes and manholes

Wastewater moving through the collection system as designed

Water entering the wastewater collection system through
deteriorated or broken pipes and joints

Water entering a sewer as a result of a deliberate illegal
connection

*Volume 1, Chapter 4

What type of illegal taps might be
revealed during a television inspection

of a collection system conducted to
search for unrecorded connections?

Buried or lost

Excavation and construction

Industrial, stormwater, or surface drainage
Misaligned or corroded

*Volume 1, Chapter 4

Section 16

How does infiltration enter the

wastewater collection system?

Cross-connections from the drinking water supply
system

Deteriorated or broken pipes and joints
Illegal or improper connections
Surface, roof, yard, and parking lot drainage

| “Volume 1, Chapter 4

Why is a rocking or improperly seated

manhole lid in a traffic lane a hazard?

A vehicle driving over the cover can flip the lid
completely out of the ring

The lid can spin the ring, changing the inflow pattern

The movement will cause an increase in the manhole
ring elevation

The rocking can eventually weaken the ring

| “Volume 1, Chapter 4

Which method can be used to evaluate
the effectiveness of solutions and

equipment in maintaining or correcting
problem areas in sewers?

CCTV inspection

Dye testing

Smoke testing

Wastewater treatment plant flow rate evaluation

|_*Volume 1, Chapter4
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Which items may adversely affect the
capacity of the sewers as a result of
the construction of house service

connections to the lateral and branch
sewers?

TDEC - Fleming Training Center

Why is sewer cleaning generally
necessary before CCTV inspections?

Collection system staff assignments
Debris accumulations

The contributing population

Water conservation practices

| *Volume 1, Chapter 4

At what set point do CCTV camera

footage readings usually start?

To ensure a full day’s work for all the collection system
operators on staff

To make a good impression on CCTV contractors

To remove debris that could interfere with the operation
of the TV camera

To scare away any animals that may be in the pipes

| “Volume 1, Chapter 4

If a grade defect is observed during a
CCTV inspection, what information
should be logged?

At the same set point, the center of the manhole

At the same set point, the crown of the sewer leaving
the upstream manhole

At the same set point, the focal point of the camera

At the same set point, the invert of the sewer leaving
the upstream manhole

*Volume 1, Chapter 4

During CCTV inspections of active

sewer lines, what must be recorded?

Estimation of gallons per minute
Indication of how far out of line the pipe is
Root intrusion scale rating

Start and end point of defect

What can be located using smoke
testing?

Building connections
Defects

Entire pipe run
Laterals

*Volume 1, Chapter 4

Broken sewers due to settling of foundations, manholes,
and other structures

Minimal root intrusion
Protruding service taps
Unused septic tanks

|_*Volume 1, Chapter4
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When is smoke testing best done?

After manholes have been inspected
After the sewer has been cleaned

When the groundwater is low so any cracks will leak
smoke

When the sewer is being inspected by CCTV

| *Volume 1, Chapter 4

What can be identified using dye tests?

Section 16

Which factor can prevent smoke from

entering an occupied building?

A defective wax ring under commodes
Cleanout plugs missing from sewers

Defects in the wastewater collection system of the
building

Wetted traps

| “Volume 1, Chapter 4

Which examples are typical situations
where dye tests would be appropriate?

Illegal connections
Partial root blockages
Pipe defects

Staffing problems

What can produce harmful and

obnoxious gases in collection systems?

After smoke testing has given conclusive results
For acceptance of newly installed sewer pipes

For buildings that show smoke at vents during smoke
tests

For estimating the velocity of flow in a sewer

Which item is a hydraulic sewer
cleaning method?

Air curtains
Scouring velocity
Solids buildup
Turbulent flows

|_*Volume 1, Chapter 5 — Pipeline Cleaning and Maintenance Methods

Bucket machines
High-velocity cleaners
Hand rodders

Power rodders

|_*Volume 1, Chapter D
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Which HVC nozzles are engineered to
provide a more powerful stream of

water using less power with less
maintenance?

Why should a high-velocity cleaner
sewer hose not be empty when wound
back onto the reel?

Bottom or floor cleaners
High performance
Rotational or spinning
Specialty

| *Volume 1, Chapter >

Because if the hose flattens out as it is wrapped, then the next time
the cleaner is used, the hose will expand and possibly damage the
hose reel

Because the hose may collapse and be unable to expand the next
time the cleaner is used

Because the weight of the empty hose may be too great for the hose
reel to support
Because there may not be enough space on the hose reel to contain
the empty hose

5

Which devices are commonly used to

clean large diameter sewers such as
force mains?

How does a power rodding machine
clean the pipes?

Bucket machines
High-velocity cleaners
Kites, bags, and poly pigs
Power rodders

By pushing or pulling various cleaning tools through
pipes

By scooping debris out of pipes using buckets

By scouring the inside of the pipe using physical scraping
and high-velocity water

By spraying high-pressure streams of water into the pipe
to push debris down pipes

|_"Volume 1, Chapter

Why must a continuous rod be clean as

it passes through the drive rollers?

Why is a broken continuous rod in a
sewer more difficult to retrieve than a
broken sectional rod?

To avoid debris splashing on the operators
To avoid the need to uncouple the rod
To prevent damage and wear

To prevent development of unsanitary working
conditions

|_*Volume 1, Chapter 5

Can cover greater distances
Has no couplings for the pick-up tool to grab
Must be cleaned as it passes through the drive rollers

Reduced in operating length to the length remaining in
the reel

|_*Volume 1, Chapter D
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Under which condition is a third
operator recommended for a power

rodder crew?

Every time a power rodder is used

If equipment must be moved frequently from site to site
If there are children or pets running loose near the work
site

If traffic control is required

| *Volume 1, Chapter >

How can a broken sectional rod be
recovered from a sewer?

Section 16

When changing tools on a power
rodder, what should not be handled

until the rodding machine has been
shut down?

The assembly wrench

The power switch

The rod guide hose

The tool on the end of the rod

|_“Volume 1, Chapter 5

What can prevent losing considerable

time attempting to recover a broken
cleaning rod?

By carrying extra couplings and repair tools to the job
site

By digging it up

By trying to reconnect the broken parts

By using a pick-up tool

Which of the following are necessary

maintenance items for continuous
rodders?

Inspect for loose rod couplings

Inspect for worn “drive dogs”

Look for stacking of the rod on the reel
Maintaining proper torque on the driver rollers

|_*Volume 1, Chapter 5

Adequate maintenance of the rodding machine
Inadequate maintenance before rodding

Loose couplings on sectional rods

Leaky hose and fittings on hydraulic units

When are hand rods used extensively?

For emergencies at night or during weekends
For grease stoppages from restaurants
For root intrusion in small-diameter sewers

When only one operator is available to thoroughly clean
a sewer

|_*Volume 1, Chapter D
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What determines whether the working Which maintenance task on a hydraulic
bucket machine is set up at the unit on a rodding machine is
upstream or down-stream manhole? particularly important in hot weather?
Communication methods Drain pump daily
Field conditions Keep oil filter clean
Time of day Maintain proper hydraulic oil level
Weather conditions Repair leaky fittings and hoses
| “Volume 1, Chapter 5 | *Volume 1, Chapter 5

If sewer cleaning equipment is not

used regularly, what maintenance task Which technique is not appropriate to
will help ensure that the engine will immediately clear stoppages and
operate properly when needed? blockages?

Check finned nozzle extension Chemicals
Exercise (operate) equipment weekly Hand rodders
Inspect belt tension and packing gland HVCs
Lube drive chains and high-pressure swivels Power rodders

| “Volume 1, Chapter 5 | *Volume 1, Chapter 5

What is one factor that affects the rate What factors will prevent odors in

collection systems?

of buildup of the grease deposit on the
walls of the sewer?

Depth pipe is buried Low-velocity flows, warmer wastewater temperatures,
Flow and velocity of wastewater and long transmission lines

Recordkeeping system Hotter weather, flatter sewers, and longer flow times
Spacing of manholes Operator overtime, frequent breaks, and robust

retirement benefits
Proper design, cleaning, and maintenance

|_*Volume 1, Chapter 5 | *Volume 1, Chapter 5
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What may cause damage to or
deterioration of underground sewer

pipes?

Age and natural forces

Poor attitudes of management

Proper construction material specifications
Use of flexible joints

| *Volume 1, Chapter 6 — Underground Repair and Construction

What two perspectives are shown on

sewer construction plans?

Section 16

Why might bypass pumping be

required during sewer repair?

High flows could interfere with the repair process

Low flows could interfere with the repair process
Stormwater inflow could cause backups into buildings
Temporary pumping could cause backups into buildings

|_“Volume 1, Chapter 6

Why is compaction of trench backfill
important?

AutoCAD and hand drawn
Easements and property lines
Horizontal and vertical

Plan and profile

What are the main disadvantages of
mechanical compaction of trench

backfill?

Availability of mechanical compaction equipment
Length of time required

Minimal impact reduces damage to pipe

Reduces need for surface restoration

|_*Volume 1, Chapter ©

To avoid later settling

To improve shoring operations

To avoid using excess soil and rocks

To improve the performance of the sewer

When are sewer main line repairs

required?

When a contractor is available and repair costs are
reasonable

When a sewer line repeatedly shows partial or complete
stoppage of flow

When engineering has prepared the necessary plans and
specifications

When underground repair crews are available
L_“Volume 1, Chapter 6
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Before starting repair of a main line,
the supervisor must perform which

tasks?

TDEC - Fleming Training Center

What are sump pumps and hoses used
for during sewer repairs?

Barricade and mark work sites to prevent vehicle parking

Contact the local traffic control agency if permits are
needed to handle traffic

Drive all equipment to the work site
Notify local media outlets of work to be performed

| *Volume 1, Chapter &

When inspecting a manhole before
scheduling repair work, what is one

problem that may be discovered in the
manhole?

To cut plastic pipe

To inspect the pipe

To pump water out of excavations

To remove loose dirt from under pipes

|_“Volume 1, Chapter 6

What problems can be encountered at
the bottom of a manhole?

Broken or collapsed pipe
Improper or illegal taps
Pipe with deep sags
Structural failure

What is the most common type of pipe
used for inside drop lines up to 12-

inches in diameter?

A low inflow invert elevation to a high outflow invert
elevation

Cracked cone or barrel
Frame and cover below grade
Lack of flow turbulence

What is one way to prevent inflow
through manhole covers?

Galvanized steel
PVC SDR 36
Stainless steel
Transite pipe

|_*Volume 1, Chapter ©

Drain surface waters toward the cover
Install barricades above the manhole cover
Install inflow dishes

Install waterproof covers

|_*Volume 1, Chapter ©
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Which materials are suitable bedding
What are inflow dishes made of?

for a wye connection?

Concrete, epoxy, or mortar Crushed rock, gravel, and sand
Stainless steel, galvanized steel, or plastic Lime, wood, and construction debris
Teflon, aluminum, or copper Large stones or rocks
Tin screen, nylon webbing, or polypropylene cloth Recycled concrete and blacktop

| *Volume 1, Chapter 6 | *Volume 1, Chapter &

Who prepares a list of final items of

Why must the pipe bedding in a trench work to be completed before
be properly tamped? acceptance of the project by public
agency-owner?
So the bedding can prevent infiltration General manager
So the bedding will be comfortable Inspector
So the bedding will not settle after the job is completed Operator
So the use of tamping equipment can be justified Supervisor
*Volume 1. Chapter 6 *yolume 1. Chapter 6

Portland cement concrete used for

constructing load-bearing structures Which aspects of the compaction of
should be tested with respect to which sewer trench backfilling be checked by
items? an inspector?
Color and stain resistance Completed in the manner and amount specified
Composition and density Joints made in accordance with manufacturer’s
Overburden and impact loadings instructions
Availability and displacement ratio Laid on correct line and grade

Traffic safety regulations implemented

|_*Volume 1, Chapter 6 | *Volume 1, Chapter 6
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Where conditions are appropriate,
which test will provide an accurate test
of a new sewer line’s ability to convey
wastewater without excessive leakage

What type of sewer line problems can

be located by using the mandrel test?

and to resist groundwater infiltration?
Water dispersion test
Water exfiltration test
Water inflow test
Water pressure test

| *Volume 1, Chapter &

What is wastewater that flows out of a
sanitary sewer (or lift station) because of flows
exceeding the hydraulic capacity of the sewer

or stoppages in the sewer, or a discharge of
wastewater from a location that is not

Building sewer connections that protrude into main lines
Illegal taps

Improper grade and line

Small cracks and leaks

|_“Volume 1, Chapter 6

What is made up of the accepted industry
practices for properly managing, operating,
and maintaining sanitary wastewater
collection, transmission, and treatment

authorized by an NPDES permit?
SSES
cso
/)
$SO

*Volume 2, Chapter 1 — Introduction to CMOM

What is infiltration?

Bottoms of trenches in which gravity pipes are installed that allow
water to move down the trench

Seepage of groundwater into a wastewater collection system

Gradual decomposition or destruction of material by chemical
action

Water and water-carried wastes that unintentionally leak out of
defects in a collection system pipe

*Volume 2, Chapter 1

systems?
Capacity, management, operation, and maintenance
program
Preventative maintenance program
Asset management program
National pollutant discharge elimination system

*Volume 2, Chapter 1

What can be caused by increased flow in the
system (Inflow/Infiltration problems), pipe
failures (tree root intrusions; blocked, broken,

or cracked pipes; and pipe settlement at the
joints), and manhole deterioration?

I/
NPDES
SSES
SSO

*Volume 2, Chapter 1
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What hazard category includes injury
or illness caused by the surroundings

or situation where work takes place?

Acute

Exposures

Chronic

Work environment or condition

*

Volume 2, Chapter 1

What can prevent a mix of combustible
gas and oxygen from exploding when it

contacts a spark or flame?

Section 16

What infection route involves
breathing spray or mist containing

pathogens?

Direct contact
Person-to-person
Ingestion
Inhalation

*

Volume 2, Chapter 1

When should the public, health agencies,
drinking water suppliers, and other
affected entities be notified of an SSO that
has the immediate potential to
substantially endanger public health?

Gas company experts
Too rich or too lean
Addition of water
Containment

*Volume 2, Chapter 1

As soon as response crew has been sent out
Immediately

Depends on NPDES permit specifications
Within 72 hours

What is often the first indication that
something is wrong in the collection
system?

*Volume 2, Chapter 1

How are collection system utilities able
to ensure that new and rehabilitated

collection pipes and connections have
been properly designed, constructed,

Performance indicators
Work orders

Sewer system evaluations
Customer complaints

*Volume 2, Chapter 1

and tested before put into service?

Required by preventative maintenance programs
Implicit in CMOM program implementation

Capital improvement program budgets allow for these
activities

Legal authority given by legally binding documents

*Volume 2, Chapter 1
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Where can operators look up what has
been constructed, where, what size,

the materials used, and the conditions
encountered?

Who is responsible for providing
timely, relevant information about the
collection system for planning,
implementing, reviewing, and
evaluating CMOM programs?

Standard operating procedures

Computerized maintenance management systems
As-built drawings

System maps

*Volume 2, Chapter 1

*Volume 2, Chapter 1

Support staff

Computer mapping technicians
Operators

Stakeholders

What decreases the capacity of a
collection system?

What can significantly reduce repair
and rehabilitation costs by providing

accurate information on the causes of
an SSO problem?

Increases in the roughness of pipes
Constant hydraulic loads

Scouring velocities

Decreases in pipe bedding

*Volume 2, Chapter 1

*Volume 2, Chapter 1

Parts and supplies inventory

Emergency repair work orders

Detailed evaluation of the collection system
Construction warranties

What should receive the highest

priority for corrective actions in a
capacity assurance plan?

What can make needed parts and

supplies available quickly, thereby

reducing equipment downtime and
work delays?

SSOs resulting from rainfall-induced infiltration

SSOs that can be corrected easily and inexpensively
SSOs that substantially endanger human health now or
near the future

Anticipated flow increases from planned new
connections

*Volume 2, Chapter 1

Implementing a procurement process
Maintaining an equipment and replacement parts
inventory

Keeping a stock of supplies and parts with little
organization

Ordering parts and supplies when equipment fails

*Volume 2, Chapter 1
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How can operators ensure that new
components are installed and repaired

according to accepted standards and
requirements to minimize future
problems with those components?

Inspection and testing

Proactive and preventative maintenance
Prioritization and risk assessment

Legal authority and compliance

Section 16

What can be used to measure and

report progress toward achieving goals
and objectives?

Plans and specifications
Performance indicators
Work orders

Capital improvement plans

*

Volume 2, Chapter 1 *Volume 2, Chapter 1

Which piece of equipment carries

wastewater under pressure from the : : .
P Where in the collection system are lift

stations installed?

discharge side of a pump to a point of
gravity flow downstream?

Trunk sewer Less populated section of the service area

Centrifugal pump Where pumping stations are too expensive

Force main Low points at the end of gravity systems

Pumping station Points of convergence for wastewater tributaries
*Volume 2, Chapter 2 — Lift Stations *Volume 2, Chapter 2

What is a solution to water hammer

Which stations are generally used to and negative pressures strong enough
lift small to medium wastewater flows? to collapse a pipe?
Pumping stations Readjust pump to run at rated head
Suction lift stations Reduce wastewater flow in a pipe
Submersible lift stations Install lift station higher up the collection system
Dry pit stations Install air release valves
*Volume 2, Chapter 2 *Volume 2, Chapter 2
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What describes the vertical distance
from a reference point to the water
surface when the water is not moving?

How are most pump capacities rated?

In gallons per minute Submergence

In horsepower Elevation head

By flow rate Depth

By size Static head
*Volume 2, Chapter 2 *Volume 2, Chapter 2

How does vortexting happen within a Where does an operator interact with
pump? the control system?
Mechanical seal failure Motor control center
Flooding of the pump casing Remote terminal unit
Water drawn too rapidly into the pump Circuit breaker
Backsiphonage due to clogging Human machine interface
*Volume 2, Chapter 2 *Volume 2, Chapter 2

What nameplate data indicates how
long a motor can be run continuously
at or above its rated horsepower

Which type of motor is most
commonly used to drive raw

without causing damage to the wastewater pumps?

insulation?
Ambient temperature Phase wound induction
Service factor Alternating current synchronous
RPM Direct current
Class of insulation Squirrel cage induction
*Volume 2, Chapter 2 *Volume 2, Chapter 2
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When is it recommended to include
additional insulation treatment to

improve the moisture resistance of
motor insulation?

For NEMA design C motors

In submersible lift station motors

In damp or warm weather climates

Annually as part of a preventative maintenance program

*

Volume 2, Chapter 2

Which type of starter uses microprocessor-
controlled SCRs to regulate motor starting

and is frequently furnished with a wide
variety of functions to boost performance?

Section 16

What is the kilovolt-ampere per

horsepower requirement for a NEMA
Code G motor?

4.50-5.00 kVA/hp
5.00-5.60 kVA/hp
5.60-6.30 kVA/hp
6.30-7.10 kVA/hp

*

Volume 2, Chapter 2

Which type of level-sensing device may
become entangled with other floats
and cables in the wet well?

Auto-transformer starter
Level transducer
Primary resistor starter
Solid-state controls

*Volume 2, Chapter 2

What describes a reverse flow
condition, created by a difference in
water pressures, that causes water to
flow back into the distribution pipes of

Air bubbler system
Float switches
Electrode sensors
Ultrasonic transducers

*Volume 2, Chapter 2

Which pump component provides

separation between the liquid end of
the pump and the atmosphere?

a potable water supply?
Backsiphonage
Backflow
Positive displacement
Negative pressure

*Volume 2, Chapter 2

Gate valve
Keyway
Packing box
Wear rings

*Volume 2, Chapter 2
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What is a measurement of the amount

of energy that a pump must develop to
move a liquid?

Suction lift

Gravity flow

Total dynamic head
Brake horsepower

*

Volume 2, Chapter 2

Why should operators be given the
chance to participate in the planning

and design of new and rehabilitated lift
stations?

Ensure resources for proper O&M

Operators will have final say in station design

Oversee design engineer

Will accept new station after preliminary walk-through

*Volume 2, Chapter 2

How can an operating agency best

ensure continuous, efficient, and
reliable lift station operation?

Checking lift stations and treatment facilities daily
Following manufacturer-recommended O&M

Responding to emergency situations and customer
complaints quickly

Updating all station equipment to a CMMS-based system

*Volume 2, Chapter 2
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What type of valve is an example of a

discharge check valve?

Swing
Gate
Plug
Needle

*

Volume 2, Chapter 2

What is a likely cause of overflows and
backups when the pumps do not start

and/or damage occurs to the pump
from short cycling?

Cavitation

Incorrectly configured wet well level controls
Improperly packed stuffing boxes

Leaking shaft sleeve or cracked mechanical seal

*Volume 2, Chapter 2

What practice effectively tracks
process control changes and serves as

a historical reference for future

decisions?
SCADA system
Proactive maintenance
HMI setup
Sign-in log

*Volume 2, Chapter 2
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What is the most common reason for a

malfunctioning instrument to trigger
an alarm?

Backsiphonage

Blown fuses

Erratic measurements
Operator error

*

Volume 2, Chapter 2

When does the CMMS automatically

update the maintenance schedule and
all other related database information?

Which odor control method inhibits

the activity of the sulfate-reducing
bacteria that release hydrogen sulfide?

Adding iron salts
Nitrate addition
Oxygen injection
pH adjustment

*

Volume 2, Chapter 2

Where should active lift station records
be kept?

During manual and hard resets

At a prescribed time, such as midnight
After completed work orders are submitted
Once the sign-in log has been submitted

*Volume 2, Chapter 2

What type of report is most useful in

preparing next year’s annual budget
for the utility?

Work orders
Operational data
Written reports
Cost records

*Volume 2, Chapter 2

Locked in the supervisor’s office

In the office copy of the station book

Stored in a cabinet in the lift station dry pit

On service or utility vehicles going out to assignments

*Volume 2, Chapter 2

Replacing a pump when its
performance deteriorates but before it

stops working is an example of which
type of maintenance?

Reactive
Preventative
Predictive
Emergency

*Volume 2, Chapter 3 — Equipment Maintenance
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Which term best describes the gradual
decomposition of a material by

chemical action, often due to an
electrochemical reaction?

TDEC - Fleming Training Center

Who installs the lock on the energy-
isolating device when maintenance
work is being done on equipment?

Deterioration
Anaerobic digestion
Electrowinning
Corrosion

*Volume 2, Chapter 3

What describes an electrical
connection to earth or a large

conductor at the earth’s potential or
neutral voltage?

Supervisor

Competent person

Operator doing the work

Anyone authorized by management

*Volume 2, Chapter 3

Where can you find information like
the proper voltage and allowable
current on a piece of electrical
equipment?

Circuit
Ground
Fuse
Ohm

*Volume 2, Chapter 3

What describes the strength of an

electric current in amperes?

Electromotive force
Voltage

Resistance
Amperage

*Volume 2, Chapter 3

Nameplate

Safety data sheet
Hazard communication
Circuit breaker

*Volume 2, Chapter 3

Which term describes the frequency of

cycles completed per second?

Hertz
Amplitude
Direct current
Ohm

*Volume 2, Chapter 3
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How is energy requirement expressed?

Amps
Kilowatts
Horsepower
Kilowatt-hours

*

Volume 2, Chapter 3

If you are testing for unbalance and
find that the readings on lines L1, L2,
and L3 are all about the same before

and after changing the wiring, what

Section 16

What device is used to measure

voltage?

Ammeter
Multimeter
Megger
Ohmmeter

*

Volume 2, Chapter 3

What is a major advantage of using
aluminum over copper as a conductor?

can you assume about the problem?

Itis in the motor
It is caused by the pump

The test equipment is faulty
It is caused by the power company

*Volume 2, Chapter 3

What machines are most commonly
used to convert electrical energy to

mechanical energy in a lift station?

Slower oxidation

More economical

Much softer

Requires less maintenance

*Volume 2, Chapter 3

What is one of the most common
causes of motor failure?

Electric motor
Centrifugal pump
Single-phase circuit
Motor control center

*Volume 2, Chapter 3

Unbalance
Old age
Overheating
Bearing failure

*Volume 2, Chapter 3
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What is the more common name for
overload protection devices?

TDEC - Fleming Training Center

What is a coupling designed to do?

Fuses

Lockout devices
Circuit breakers

Heater elements

*Volume 2, Chapter 3

What is the first step of
troubleshooting an electric motor?

Meter power outputs

Transmit torque from the motor to the pump
Lockout motors that are not currently needed
Connect all motors and pumps within the station

*

Volume 2, Chapter 3

Why are pumps used in collection

systems?

Make a visual inspection
Examine all factors

Consider what should happen
Analyze what you know

*Volume 2, Chapter 3

Which type of pump consists of an

impeller fixed on a rotating shaft that is

enclosed in a casing and has an inlet
and discharge connection?

To separate wastewater from stormwater

To generate energy for the motors

To move wastewater when there is no gravity flow
To lower wastewater in elevation

*Volume 2, Chapter 3

Which pump part is a spiral-shaped
casing that surrounds the pump’s
rotating vanes and collects the
discharged liquid or gas?

Screw pump
Diaphragm pump
Turbine pump
Centrifugal pump

Volute
Impeller
Sleeve
Shaft

*Volume 2, Chapter 3
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What is one of the limitations of

submersible pumps?

Much more expensive than other types
Burnout of the motor from water leakage
Require a large amount of daily maintenance
Packing must be used and wears out quickly

*

Volume 2, Chapter 3

Why do wastewater pumps commonly

have larger clearances?

Section 16

If a diaphragm pump will not cycle,

what should you check for?

Whether the suction line is plugged
If check valves are not seating

If the inlet valve is open

Whether the suction lift is too high

*

Volume 2, Chapter 3

What is the name for thin metal sheets
inserted between 2 surfaces to align or
space the surfaces correctly?

Reduce erosion by solid particles
Create higher suction

Allow for greater flow rate
Reduce turbidity and aeration

*Volume 2, Chapter 3

How is a worn ring removed from a

pump impeller or volute?

Shear pins
Shims
Sumps
Slugs

*Volume 2, Chapter 3

Type of pump, material being pumped,
temperature of liquid being pumped,
grease or water flushing, and peripheral
speed of shaft are all considerations when
choosing which pump component?

Through heat erosion

Worn rings should slip off easily
Cutting or grinding them off
Replacing the impeller or volute

*Volume 2, Chapter 3

Valve

Shaft sleeves
Couplings
Packing

*Volume 2, Chapter 3
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Which preventative maintenance task

for pumps should be performed daily?

TDEC - Fleming Training Center

Why do compressors get extremely hot
when working?

Check stator winding assembly

control
Inspect and lubricate bearings
Check piping connections for leaks or corrosion

*

Volume 2, Chapter 3

Inspect pumps controls for correct response to variable

It is easy for them to malfunction

Hot water is needed in the process
Gases give off heat when compressed
Friction buildup on the compressor side

Which factor contributes significantly

to the deterioration of a collection
system?

*

Volume 2, Chapter 3

Where do most utilities store their
collection system records?

Short-term system repairs
Rapid system expansion
Sewer surcharge

I/l

*Volume 2, Chapter 4 - Rehabilitation

A data card system

In individual operator files for quick reference
Utility logbooks

GIS and CAD systems

What is a major problem to a
collection system from a public

relations viewpoint?

Low I/I levels

Traffic and street closures

Surcharge backflooding into private property
Underloading the collection system mains

*Volume 2, Chapter 4

*Volume 2, Chapter 4

What is the cause of backflow?

Gravity

Equal water pressures

A difference in pipe sizes

A difference in water pressures

*Volume 2, Chapter 4
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What is an important component in

the hydraulic analysis phase?

Night flow isolation

Groundwater measurement

The production of flow guidelines and hydrographs
Precipitation runoff

*Volume 2, Chapter 4

What is a cause of leakage at a

manhole?

Worn cover ring

Storm drain cross connection
Point source leak

Defective cleanout leak

*Volume 2, Chapter 4

Which is the preferred method for

locating rainfall-induced leaks?

What does a positive reading of a
smoke test indicate?

Smoke testing

Chemical markers in the collection system
Dyed water flooding

Through point source leaks

*Volume 2, Chapter 4

When examining for sewer pipe
structural defects, what information

should you record?

1/1 sources

Where pipes are leaking

Cross bores

Prime locations for dye testing

*Volume 2, Chapter 4

What is the most effective method
of identifying and quantifying
defects in collection system pipes?

Precast joint condition

Circumferential and longitudinal cracks
Step condition

Collection systems surcharging

*Volume 2, Chapter 4

Flow monitoring
Smoke testing
Dyed water testing
CCTV

*Volume 2, Chapter 4

Sacramento Review Questions 319



Section 16 TDEC - Fleming Training Center

Which term describes a fair rating

in NASSCO’s PACP pipeline rating What should a rehabilitation

system for utilities and
municipalities?

program problem history include?

Needs attention immediately
Defects will continue to worsen
Severe defects are seen
Defects are not deteriorating

*Volume 2, Chapter 4

Design specifications of flow capacities
Up-to-date system maps

Historical data concerning problem areas such as
maintenance limitations

An itemized list of all system components

*Volume 2, Chapter 4

What should a preliminary

statement of needs list include?

Which costs should be considered
when evaluating the cost
effectiveness of an I/l rehabilitation
program?

Needed tasks in order of urgency

Tasks recently finished and their outcomes
Costs involved in the rehab process

A utility’s wish list

Public relations costs
Return-to-utility costs

Operation and maintenance costs
Personal costs

*Volume 2, Chapter 4

*Volume 2, Chapter 4

Which problem is unique to the
excavation and replacement
method?

What do you use for pressure
grouting large-diameter collection

pipes?

Noise

Traffic disruption and control
Shoring requirements
Effects on other utilities

*Volume 2, Chapter 4

Pipe grouting pumps

Pipe grouting rings or predrilled injection holes
Sealant pumps

In-pipe robots

*Volume 2, Chapter 4
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What does the pipe bursting Which is a disadvantage to using

method involve? the CIPP rehabilitation method?

A tool to break up the pipe while it is still in the ground No grouting is required

A cured-in-place pipe liner Essentially no annular space is left between the old and
Injecting a chemical around the outside of the pipe to fill new pipe

voids Excavation typically is required for either the installation
Cementitious liners process or reestablishment of house connections

Setup costs are high on small projects

*Volume 2, Chapter 4 *Volume 2, Chapter 4

What is shotcrete? How is shotcrete applied?

A slurry of cement and water

A mixture of sand, cement, and water
A mixture of resin, cement, and heat
A slurry of resin, cement, and water

Air pressure
Trowel
Inversion tube
Gravity flow

*Volume 2, Chapter 4

*Volume 2, Chapter 4

Which is an advantage of the pipe

L displacement rehabilitation
2
When should sliplining be used ethod?

When there are obstructions inside the old pipe

When the old pipe is excessively deteriorated The existing pipe must be friable, not reinforced concrete
When no obstruction exists inside the old pipe The liner can be installed with an insertion pit or a
When the old pipe’s dimensions are in poor shape manhole

Excavation is required to disconnect and reconnect the
laterals

Trained operators are needed

*Volume 2, Chapter 4

*Volume 2, Chapter 4
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What is a limitation of the
drawdown pipe rehabilitation

method?
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What is the purpose of the frame
backstop in the manhole for the
inversion tube rehabilitation
method?

High overall costs

House connections need a remote-control cutter to
reconnect

High mobilization costs
pipe and leaves no annular space

*

Volume 2, Chapter 4

The liner forms tightly against the wall of the original

What is the purpose of a christy

box?

To ensure the stopping position of the liner bag

To hold the liner bag

To determine the required liner bag length

To hold the liner bag on the inversion tube platform

*

Volume 2, Chapter 4

Which is a potential I/l entry point
in a collection system?

Assist in installing a saddle on the main line
Keep the push hole from collapsing
Replace the plastic cap on the riser

Serve as the cleanout point

*Volume 2, Chapter 4

What is a sewer sausage?

Only at cross bores

At each joint in the service
Only at the tap

Only at the property line

*Volume 2, Chapter 4

What can make manhole joints
potentially susceptible to
infiltration?

A sewer service sealing unit that requires a special
packer with an inflatable tube

A way to make sure the pipe is full of grout
A camera/packer combination to seal the pipe
A pipe-cleaning tool also known as a poly pig

*Volume 2, Chapter 4

Stormwater runoff

Inflow

Surcharge of collection system
Groundwater

*Volume 2, Chapter 4
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Which is a disadvantage to the

manhole rehabilitation method of

structural relining?

Raises manhole cover slightly
Excavation required

Loss of steps

Loss of venting

*Volume 2, Chapter 4

What is the managerial function

controlling?

Recruiting new operators and staff and determining if there are
enough qualified operators and staff to fill available positions

Taking the steps necessary to ensure that essential activities are
performed so that objectives will be achieved as planned
Determining the goals, policies, procedures, and other elements to
achieve the goals and objectives of the agency
Guiding, teaching, motivating, and supervising operators and
utility staff members

x

Volume 2, Chapter S - Management

What may be the most difficult
planning problem for utilities in

small communities?

What is responsibility?

Recognizing and planning for a decline in population

being properly treated
Selecting and training employees and evaluating their
performance
Keeping up with technological changes and new
procedures

*Volume 2, Chapter 5

Controlling the treatment process to ensure that water is

Answering to those above you in the chain of command to explain
how and why you have used your authority

Power is given to another person in the organization to accomplish a
specific job

When a manager gives power or responsibility to an employee, the
employee ensures that the manager is informed of results or events
The power and resources to do a specific job or to get that job done

*Volume 2, Chapter 5

What components make up a
successful delegation by a

supervisor?

Why should a manager examine the
work requirements and staffing of
the utility on a periodic basis?

Proper job assignments, authority, and responsibility
Power and resources to do a specific job

Short- and long-term goals and plans

Organizational plan and written policies

*Volume 2, Chapter 5

To ensure that the utility is operating as efficiently as
possible

To develop qualification profiles

To eliminate unqualified applicants from the interview
pool

To answer questions from new employees during
employee orientation

*Volume 2, Chapter 5
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What is the best way for a manager
to prevent harassment in the

workplace?

TDEC - Fleming Training Center

What should a utility’s annual
report summarize?

Set an example by behavior and keep communication
open between employees

Distribute copies of the utility’s harassment policy
Ignore occasional flirting, innuendo, or jokes that do not
meet the legal definition of harassment

Insist that the employee with a complaint meet with the
employee the complaint is against
*Volume 2, Chapter 5

Volume 2, Chapter S

Why should employees be trained
to deal positively with the public?

Daily flow rates, new connections installed, and repairs completed
for the last year

Spare parts inventory, preventative maintenance task lists, and
purchase orders for the last year

Expenses, treatment services provided, and revenues generated
over the last year

Employee records including pay rates, disciplinary actions, and sick
leave taken over the last year

What is the purpose of a

repair/replacement fund?

To contribute to favorable first impressions of the
organization

To get press coverage for events and press conferences

To evaluate employees’ ability to make prepared
speeches

To prepare operators for arguments with consumers

*Volume 2, Chapter 5

*Volume 2, Chapter 5

What do you need to calculate to
decide among several options to

meet a capital improvement need?

To generate additional revenue to pay for the repair or
replacement of capital equipment as the equipment wears out

To generate additional revenue to pay for system expansion
To generate additional revenue to reduce water rates for
economically disadvantaged consumers

To generate additional revenue to improve the coverage and
operating ratios

Who defines the safety program
responsibilities of manager,
supervisors, and employees for

safety and health in the workplace?

Payback time
Water rates
Operating ratio
Present worth

*Volume 2, Chapter 5

*Volume 2, Chapter 5

Safety committee
Program administrator
Superintendent
Operators
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What level of the safety program is
responsible for coordinating and

distributing safety requirements
and regulations?

Safety department
Supervisors
Operators

Safety committee

*Volume 2, Chapter 5

What is a way for employers to
inform exposed employees of the

existence, location, and danger

Section 16

Which kind of safety meetings are
short discussions that help put the

focus on safety as part of everyday
routine collection system operator
tasks?

Monthly safety meetings

Supplier presentations on equipment
Presentations from other municipal departments
Tailgate safety meetings

*Volume 2, Chapter 5

What kind of employee should be trained to
recognize when a lockout/tagout procedure is
being implemented, to understand the purpose
of the procedure, and to avoid attempting to
start up or use the equipment that has been

posed by specific confined spaces?

Distribute confined space policy
Provide employees with safety data sheets
Post danger signs

Implement atmospheric testing

*Volume 2, Chapter 5

What can cause reduced vision

when wearing eye protection?

locked or tagged out?
Attendant
Affected
Other
Authorized

*Volume 2, Chapter 5

What are the most common causes
of on-the-job head injuries?

Loose nosepieces

Lack of disinfection between uses by multiple employees
Worn-out headband
Pitted or dirty lenses

*Volume 2, Chapter 5

Flames and hair entanglement
Engulfment and asphyxiation

Falling or flying objects and head bumps against fixed
objects

Chemical or toxic splashes, spills, and drips

*Volume 2, Chapter 5
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Who is responsible for ensuring
that no information about an

incident is overlooked that may be
helpful in preventing recurrences?

TDEC - Fleming Training Center

What can help identify wastewater
facilities or operations that may be
at risk during human-caused and
natural disasters?

Safety officer
Operator
Supervisor
Manager

*Volume 2, Chapter 5

*Volume 2, Chapter 5

What should be reported to county

or state health officials?

Emergency communication plan
Vulnerability assessment

National Terrorism Advisory System
Mutual aid agreement

What can help utilities respond
quicker to emergencies and avoid
some altogether?

Attacks on wastewater facilities
Suspicious behavior
Criminal threats

Employee illness associated with wastewater
contamination

*Volume 2, Chapter 5

*Volume 2, Chapter 5

What kind of monitoring is used to

isolate line segments with excessive
infiltration?

Instantaneous flow monitoring
Discharge compliance monitoring
Temporary flow monitoring
Long-term flow monitoring

*Volume 2, Chapter 5

Personal protective equipment
Preventative maintenance program
National Terrorism Advisory system
Sewer system evaluation survey

*Volume 2, Chapter 5

Which economic approach to level of
service measures the costs associated
with the O&M program and accurate

measurement of the program
benefits?

Minimizing costs

Community determined benefits
Maximizing net benefits

Cost effectiveness
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As part of CMOM best practices, what
should managers use to determine

whether to repair, replace, or
rehabilitate system components?

Expected life cycles
Performance indicators
Conditions and performance
Construction warranties

*

Volume 2, Chapter 5

What is the best way to prevent
flooding caused by a service line
connection that is low in relation to
the collection system and is an

Section 16

Who evaluates the problems, assigns
priorities, redirects service crews, and

requests assistance from preventative
maintenance crews when multiple
emergency calls are received?

Assistant superintendent
Section supervisor

Most experienced crew
Dispatcher

*

Volume 2, Chapter S

Who performs level 1 maintenance

at a lift station?

overflow point?

Install a backflow preventer and an overflow valve
Record all relevant information manually or electronically
in a permanent log

Alert an agency crew to the property to assist in cleaning
and removing damaged articles

Give instructions to the homeowner that will avoid
damage from impending wastewater flows

*Volume 2, Chapter 5

Which section of the wastewater
collection agency determines the need
for preventative maintenance, repairs,

and replacements in all areas of the
system except lift stations?

Journey-level tradespeople, lead person/line supervisor, and
manager

Any available crew of operators from any section in the
organization

Skilled tradespeople such as electricians, pipefitters, machinists,
and mechanics

Operators with a broad background and understanding of the
various types of equipment and systems installed in lift stations

*Volume 2, Chapter 5

Why is it important for collection
utilities to communicate with the
wastewater treatment plant?

Repair and replacement section
Preventative maintenance section
Service request response section
Inspection and investigation section

*Volume 2, Chapter 5

To coordinate operations and solve problems that affect
wastewater systems

To ensure that the collection system is being operated and
maintained according to established plans and norms

To ensure that people in the organization have the information
they need to do their jobs well and safely

To encourage operators to suggest ways to improve wastewater
systems performance

*Volume 2, Chapter 5
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What allows managers to rapidly
manipulate large amounts of
information so that it is quickly
accessible and usable when

TDEC - Fleming Training Center

What gives collection system agencies
the ability to develop and enforce

regulations regarding the inspection,
operation, and maintenance of grease

performing collection system O&M?

CMMS
CCTv
cMOM
SSES

*Volume 2, Chapter 5

traps and grease interceptors?
Legal authority
CMOM program
Capacity assurance plan
O&M plan to prevent grease buildup in pipes

After an SSO event, how long
should the water quality in nearby

waters be monitored?

*Volume 2, Chapter 5

What kind of program may be
needed to address frequent odor
complaints?

A minimum of 6 months

Until adverse impacts are determined
Depends on the type of nearby waters
Until no adverse impacts are detected

*Volume 2, Chapter 5

Water quality monitoring
Grease control

Hydrogen sulfide control
Capital improvement

What documentation shows who at
the collection system agency does

what and when under disaster
conditions?

*Volume 2, Chapter 5

What should be shown by footage
from connecting manholes, by scale in
relation to property lines and property

corners, and by coordinates on

Reports on previous emergencies
Mutual aid agreements
Emergency operations plan
Vulnerability assessment

*Volume 2, Chapter 5
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collection system maps?

Pipes in easements
Main pipelines
Building connections
Manholes
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*Volume 2, Chapter 5

What are shape files?

Maps at a scale that clearly shows identification numbers, footage,
and pipe sizes

Information delivered to skilled drafting or computer personnel to
update maps

Layers that display different types of information about the
physical structures or components in a geographic area

Accurate, legal records showing property identifications and sizes,
rights of way, and street names and widths

*Volume 2, Chapter 5

When should how critical the part
is, the lead time from manufacturer,

and the frequency of usage of a
particular part be considered?

When deciding whether to reject defective or damaged
shipments

When conducting an inventory of tools
When stocking parts or materials at a warehouse
When repairing equipment in the field

Section 16

What is the ideal maintenance

schedule?

*

Maintenance is performed when operators are not busy with other
tasks

Maintenance takes place only at prescribed intervals based on
equipment run time

Maintenance is performed when equipment or systems fail

Maintenance is scheduled only when needed to avoid problems or
emergencies

Volume 2, Chapter S
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