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SECTION 35 45 01

VERTI CAL PUWPS, AXI AL- FLOW AND M XED- FLOW | MPELLER- TYPE
02/ 21, CHG 3: 08/23
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NOTE: This guide specification covers the

requi renents for vertical axial-and m xed-flow

i mpel | er-type punps, having a punp di scharge

di ameter up to and including 2100 nm 84 inches, for
flood control and hurricane protection projects.
This section was originally devel oped for USACE
Cvil Wrks projects.

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

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

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

TO DOMNLOAD UFGS GRAPHI CS
Goto
http://ww. wodg. org/ffc/dod/unified-facilities-guide-specifications-ufgs/for

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

PART 1 GENERAL

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

NOTE: Figure 1, System Loss Curve (May be provided
by the Designer). The Specifier should insert
Figure 2 and Figure 3 at the end of this section as
applicable to the design. (See paragraphs BEARI NG
HEAT SENSORS, TEST SETUP, and VALUE OF NPSHR )
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This specification is witten to obtain reliable,

| ong-l asting punps that are suited for the purpose
i ntended at the nmpbst econonical price. It requires
t he use of grease-, water- or oil-lubricated

beari ngs and packi ng gl ands, and permts the

manuf acturer to use his standard castings for the
suction bell and the bow s.

Al ternate specifications for the "FACTORY TEST" have
been provided in this specification. Alternate 1

gi ves the manufacturer the option of testing either
t he prototype punp or a honol ogous nodel of the
punp. This alternative should be used for all punps
having a dianmeter up to and including 1200 m 48
inches. Alternate 2, which requires a honol ogous
nodel of the punp be tested for performance and
NPSHR characteristics, should be used for punps
havi ng a dianmeter greater than 1200 mr 48 i nches.
Alternate 2 can al so be used for punps smaller than
1200 nmr 48 inches in dianeter if the expected annua
operating tine is greater than 500 hours per year or
for the special case when there is no published
NPSHR curve avail abl e.

If this guide specification is used for a supply
contract, the flexible mechanical couplings and
harness bolts shoul d be obtained under the
construction contract, except when the punp

manuf acturer is required to furnish the discharge

pi pi ng.

Wth a construction contract, it is the prine
Contractor's responsibility to have equi pnent
delivered when ready for installation. |Inevitably,
del ays occur. Sone storage will nost |ikely be
required. These requirenments may be nodified as
required, but in no case should they be del eted when
t he storage of equi pment is contenplated.

Wth a supply contract, the delivery of the

equi prent bei ng furnished shoul d be arranged to
coincide with the date of installation, when
possible. This will obviate the need for long-term
storage of the equi pnment in Governnent-furni shed
space.

Thi s specification has been prepared on the basis
that it will be used in construction contracts. |If
this guide specification is to be used for supply
contracts, paragraphs to be included in Part |V -
TECHNI CAL PROVI SI ONS shoul d be arranged to foll ow
the format listed below Section 5 should be

del eted when a reduction gear is not to be

furni shed, and the word "DELETED' shoul d be
substituted in lieu thereof. Section 1 should

i ncl ude appropriate provisions of Section 09 97 02
PAI NTI NG HYDRAULI C STRUCTURES, Section 05 50 14
STRUCTURAL METAL FABRI CATI ONS and Section 05 50 15
Cl VI L WORKS FABRI CATI ONS
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Section 1 Material s and Fabrication
Section 2 Vertical Punps

Section 3 Factory Test

Section 4 Electric Mtor or D esel Engine
Section 5 Reduction Gear

Section 6 Services of Erecting Engi neer

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

1.1 PRI CES

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

NOTE: If Section 01 20 00 PRI CE AND PAYMENT
PROCEDURES i s included in the project

specifications, this paragraph title (PRI CES) should
be deleted fromthis section and the remaining
appropriately edited subparagraphs bel ow be inserted
into Section 01 20 00.

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

1.1.1 Vertical Punps, Axial-Flow and M xed-Flow I npeller-Type
1.1.1.1 Payment

Paynment will be made for costs associated with [furnishing][furnishing and
installing][installing] the vertical punps, axial-flow and m xed-fl ow
i mpel l er-type, as specified.

1.1.1.2 Unit of Measure

Unit of measure: [unp sum
1.1.2 Contractor's Erection Engineer(s)
1.1.2.1 Payment

Paynment will be made for costs associated with the services of the
Contractor's erection engineer(s) for the period of tine that erecting
engi neers are in service of the Governnent within the Continental United
States, including tine required by themto travel. No payment will be
made for days the erecting engineers are absent fromthe jobsite, except
for non-work days, National Legal Holidays, and authorized travel tine.
No additional or overtine paynent will be nmade to the Contractor when the
erecting engineers are required to work in excess of 8 hours per cal endar
day or 40 hours per week. |[If delays occur during periods of assenbly,
erection, or testing, wherein services of erecting engineers are not
required, the Contracting Oficer may direct the engineers to return to

their home station, in which case they will not be paid for tine they are
not at the site of work, except for travel tinme; or direct engineers to
remain at the site of work, in which case they will be paid as provided by
contract.

1.1.2.2 Measur ement

Services of the Contractor's erection engineer(s) will be nmeasured for
paynent based upon contract unit price per cal endar day for the nunber of
cal endar days that their services are required, including Sundays and
Nati onal Legal Holidays. Time for travel will be neasured for paynent by
the nost direct commercial airline or rail route fromtheir home station
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or port of entry, or fromtheir duty station when travel tine fromthe
duty station is less than that required fromhone station or port of

entry, to site of erection and return. When travel tine fromthe duty
station is greater than that required from hone station or port of entry,
only tinme fromhone station or port of entry will be allowed. Travel tine
will be allowed only fromtime of the first avail able transportation after
rel ease for return to hone station or port of entry.

1.1.2.3 Unit of Measure

Unit of neasure: per cal endar day.
1.1.3 Transportati on Expenses of Contactor's Erecting Engi neer(s)
1.1.3.1 Payment

Payment will be made for costs associated with the travel and
transportati on expenses of the Contractor's erecting engineer(s). No
paynment will be made for daily comruti ng expenses or subsistence or other
personal expenses while in route or at the jobsite. Al so, no paynent will
be made for fare and transportati on expenses outside of continental limts
of the United States. Paynment may be nade for travel by privately owned
conveyance if used in lieu of travel by comon carrier

1.1.3.2 Measur enent

Travel and ot her necessary transportation expenses of the Contractor's
erecting engineer(s) will be measured for paynment based upon the travel
fare by scheduled airline using less than first class accomopdations, when
avai l abl e, or railroad and sl eeping car fare when air travel
accommmodati ons are not available. Paynent for travel by privately owned
conveyance is made at the applicable mileage rate of | ] cents per kmn
mle, provided that such paynent do not exceed the constructive cost of
air coach accommdations, including consideration of the cost to the
CGovernment for the rate per calendar day bid for the services of the
erecting engi neer and regardl ess of whether space woul d have been
avai | abl e. Wen air accommpdati ons are not available, the mleage

rei mbursenent will be linmted to the constructive cost of first class
rail, when the elapsed time of rail travel is nmore than 4 hours; coach

cl ass when the elapsed tine of rail travel is 4 hours or |ess; or when
neither air nor rail accomopdations are provided, the m | eage

rei mbursenent will be linmted to the constructive cost of bus
transportation.

1.1.3.3 Unit of Measure
per knm mle.

1.2 REFERENCES

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

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

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

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

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

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

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

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

AVERI CAN PETROLEUM | NSTI TUTE ( API)

APl RP 686 (2009) Reconmended Practice for Machinery
Installation and Installation Design

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B16.5 (2020) Pipe Flanges and Fl anged Fittings
NPS 1/2 Through NPS 24 Metric/lnch Standard
ASME B17.1 (1967; R 2017) Keys and Keyseats
ASME B31.1 (2022) Power Piping
ASME B36. 10M (2022) Wl ded and Seam ess Wought Stee
Pi pe
ASME B46. 1 (2020) Surface Texture, Surface Roughness,

Wavi ness and Lay

ASME BPVC SEC | X (2017; Errata 2018) BPVC Section
| X-Wel di ng, Brazing and Fusing
Qualifications

AVERI CAN WATER WORKS ASSOCI ATI ON ( AVWAA)

AWM C200 (2012) Steel Water Pipe - 6 In. (150 mm
and Larger
AWM C203 (2020) Coal -Tar Protective Coatings and

Linings for Steel Water Pipelines - Enanel
and Tape - Hot- Applied

AWM C207 (2018) Standard for Steel Pipe Flanges for
WAt erwor ks Service, Sizes 4 in. through
144 in. (100 mmt hrough 3600 mm

AWM C208 (2022) Dinensions for Fabricated Stee
Water Pipe Fittings

AWM ML1 (2016) Steel Pipe: A @uide for Design and
Instal | ation
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AMERI CAN VELDI NG SOCI ETY ( AW5)

AWS D1.1/DL1. 1M

(2020; Errata 1 2021) Structural Welding
Code - Steel

ASTM | NTERNATI ONAL (ASTM

ASTM A27/ A27M

ASTM A36/ A36M

ASTM A48/ A48M

ASTM A108

ASTM A126

ASTM A217/ A217M

ASTM A242/ A242M

ASTM A269/ A269M

ASTM A276/ A276M

ASTM A285/ A285M

ASTM A312/ A312M

ASTM A351/ A351M

ASTM A352/ A352M

ASTM A516/ A516M

(2020) Standard Specification for Steel
Castings, Carbon, for General Application

(2019) Standard Specification for Carbon
Structural Steel

(2003; R 2021) Standard Specification for
Gray lron Castings

(2024) Standard Specification for Steel
Bar, Carbon and All oy, Col d-Finished

(2004; R 2023) Standard Specification for
Gray lron Castings for Val ves, Flanges,
and Pipe Fittings

(2022) Standard Specification for Steel
Castings, Martensitic Stainless and All oy,
for Pressure-Containing Parts, Suitable
for Hi gh- Tenperature Service

(2024) Standard Specification for
Hi gh-Strength Low Al l oy Structural Steel

(2024) Standard Specification for Seanl ess
and Wl ded Austenitic Stainless Steel
Tubi ng for General Service

(2024) Standard Specification for
Stainless Steel Bars and Shapes

(2017) Standard Specification for Pressure
Vessel Plates, Carbon Steel, Low and
Internediate-Tensile Strength

(2022a) Standard Specification for
Seam ess, Wel ded, and Heavily Cold Wrked
Austenitic Stainless Steel Pipes

(2018) Standard Specification for
Castings, Austenitic, for
Pressure-Contai ning Parts

(2021) Standard Specification for Steel
Castings, Ferritic and Martensitic, for
Pressure-Contai ning Parts, Suitable for
Low Tenperature Service

(2017) Standard Specification for Pressure
Vessel Plates, Carbon Steel, for Moderate-
and Lower - Tenperature Service
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ASTM A576 (2023) Standard Specification for Steel
Bars, Carbon, Hot-Wought, Special Quality

ASTM A609/ A609M (2012; R 2023) Standard Practice for
Castings, Carbon, Low Alloy, and
Martensitic Stainless Steel, Utrasonic
Exam nati on Ther eof

ASTM A668/ A668M (2023) Standard Specification for Steel
For gi ngs, Carbon and Alloy, for Ceneral
I ndustrial Use

ASTM A743/ A743M (2021) Standard Specification for
Castings, Iron-Chrom um
I ron- Chrom um N ckel, Corrosion Resistant,
for General Application

ASTM B98/ B98M (2013) Standard Specification for
Copper-Silicon Alloy Rod, Bar, and Shapes

ASTM B148 (2014) Standard Specification for
Al um num Bronze Sand Casti ngs

ASTM B584 (2022) Standard Specification for Copper
Al oy Sand Castings for General
Appl i cations

ASTM D2000 (2018) Standard C assification Systemfor
Rubber Products in Autonotive Applications

ASTM E165/ E165M (2023) Standard Practice for Liquid
Penetrant Exani nation for General Industry

ASTM E709 (2021) Standard Guide for Magnetic
Particle Testing

ASTM F1476 (2007; R 2019) Standard Specification for
Per f ormance of Gasketed Mechani cal
Couplings for Use in Piping Applications

HYDRAULI C | NSTI TUTE (HI)
H 9.1-9.5 (2021) Pumps General Guidelines for

Mat eri al s, Sound Testing, and
Decontam nation - Bl117

H 9.6.4 (2009) Rotodynam ¢ Punps for Vibration
Anal ysi s and Al | owabl e Val ues

H ANSI/H 9.8 (2014) Rotodynam ¢ Punps for Punp Intake
Desi gn - Al123

H ANSI/H 14.6 (2011) Rotodynam c Punps for Hydraulic
Per f ormance Acceptance Tests - Al36

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOC!I ATI ON ( NETA)

NETA ATS (2021) Standard for Acceptance Testing
Specifications for Electrical Power

SECTION 35 45 01 Page 11



Equi pnrent and Systens
| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 1940-1 (2003; R 2008) Mechanical Vibration -
Bal ance Quality Requirenents for Rotors in
a Constant (Rigid) State - Part 1:
Specification and Verification of Bal ance
Tol er ances

| SO 10816- 3 (2017, AMD 1) Mechanical Vibration -
Eval uati on of Machine Vi bration by
Measurenents on Non-rotating Parts - Part
3: Industrial Mchines wi th Nom nal Power
above 15 kW and Nom nal Speeds Between 120
r/mn and 15 000 r/mn when Measured in
situ AMENDVENT 1 - Second Edition

| SO 20816- 3 (2022) Mechanical Vibration - Measurenent
and Eval uation of Mchine Vibration - Part
3: Industrial Michinery with a Power
Rati ng Above 15 kWand Operating Speeds
Bet ween 120 r/min and 30 000 r/nmn
| NTERNATI ONAL SCCI ETY OF AUTOVATI ON (1 SA)
| SA RP2. 1 (1978) Manometer Tabl es

U S. ARW CORPS OF ENG NEERS ( USACE)

EM 1110-2-3105 (2020) Engi neering and Design --
Mechani cal and El ectrical Design of Punp
St ations

U. S. DEPARTMENT OF DEFENSE ( DOD)

UFC 3-301-01 (2023; with Change 1, 2023) Structural
Engi neeri ng

U.S. ENVI RONVENTAL PROTECTI ON AGENCY ( EPA)

EPA 800- R-11-002 (2011) Environnental ly Acceptable
Lubricants

.3 SUBM TTALS

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

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

SECTION 35 45 01 Page 12



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

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

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

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

Choose the first bracketed itemfor Navy and Air

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

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

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-01 Preconstruction Subnittals
Contractor Sel ected Manufacturers; C[, | 11
SD- 02 Shop Drawi ngs
Detai |l Drawings; G, [ 1]
SD- 03 Product Data
Hum di ty-Control |l ed Storage
Materials; ¢, | 11
Spare Parts
Shi pping Bills
Punp Curves; C[, [ 1]
Prelim nary Punp Curves; C[, | 11
Installation and Erection Instructions Manual

Fiel d Tests

| mpel | er Wi ght
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In Water Bearing Lubrication; ¢, [ 1]
Gout; ¢, [ 1]
SD- 04 Sanpl es
Materials, G, [ 1]
SD- 05 Design Data
Dynamic Analysis; G, [ 11
Stress-Relieving Procedure; G, [ 1]
FSI Connection; G, [__ 1]
Centralized Pressure Lubrication System; G, [__ 1]
Piping; C[, [___ 1]
Basepl ates and the Anchoring Bolts
Conputati ons O Total Head And Losses; G, [__ ]]
SD- 06 Test Reports
Wtness Test
Factory Test
Bal anci ng Procedure; ¢, [ 1]
Results O | npeller Bal ancing
Field Test Results
SD-07 Certificates
Qualified Wl ders

Exam nati on Procedure And Qualification O The Exam ner; ¢,
[ 1]

Qualifications O Erecting Engineer; C[, [ 1]
SD-09 Manufacturer's Field Reports
Record OF Measurenments Taken During Erection; C[, [ ]]
SD-10 Operation and Mi ntenance Data
Operation and Mai ntenance I nstructions Manual ; C[, [
1.4 QUALI TY ASSURANCE
Provi de one or nore conpetent erecting engineers who i s know edgeabl e
about the installation of vertical punps and associated drive nachinery.

Erecting engi neers provided by this section nust include those fromthe
Contractor's suppliers. This Contractor's erecting engi neers are
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responsi ble for providing conplete and correct direction during initia
starting and subsequent operation of equiprment until field tests are
conpleted. The Contractor's erecting engineer nmust initiate instructions
for actions necessary for proper receipt, inspection, handling, uncrating,
assenbly, and testing of equipnent. The erecting engineer(s) nust keep a
record of neasurenents taken during erection, and subnmit one copy to the
Contracting O ficer on request or on conpletion of installation of the
assenbly or part. The erecting engineer nust instruct the Contracting

O ficer in operation and nmai ntenance features of work. Submt
qualifications of erecting engineer for approval.

1.4.1 Det ai | Dr awi ngs

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

NOTE: Sel ect appropriate alternate paragraph "d".
The first paragraph choice nmay be used for punp with
di scharge diameters up to and including 1350 mr 54
inch. The second paragraph choice should be used
for punps with discharge di aneters above 1350 nm 54

i nch.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Submit drawi ngs of sufficient size to be easily read, within [90] | ]
days of notice of award of contract. Subnit information in the English

| anguage. Provide with English (IP) dinensions[, or nmetric with English
conversion].[ Submt drawi ngs requiring changes as a result of npdel test
within 45 days after approval of nodel test.] Draw ngs must consist of
conpl ete designs of the punp, punp installation instructions, performance
charts, brochures, and other information required to illustrate that the
entire punping system (including the punp, [engine] [motor] [and speed
reducer] has been coordinated and will function as a unit.

a. Qutline drawings of the punp show ng pertinent dinensions and wei ght
of each component of the punp. Prepare draw ngs to scale.

b. Drawi ng showi ng details and di nensi ons of punp nmounting design or
| ayout including any enbedded itens[ and the FSI].

c. Cross-sectional drawi ngs of the punp showi ng each conponent. Show
maj or or conplicated sections of the punp in detail. Indicate on each
drawing an item zed |ist of conponents show ng type, grade, and cl ass
of material used and nake and nodel nunber of standard conponent used.

d. Detail and assenbly draw ngs required for nanufacturing show ng
di mensi ons, tol erances, and cl earances of shafts, [sleeve journals],
beari ngs, including dinmensions of grooving, couplings, and packing
gl and, and dianeter and tip clearance of propeller.]

d. Detail and assenbly drawi ngs of entire punp. |Include all dinensions
required to manufacture punp.]

e. Drawings covering erection and installation, that are intended to be
furni shed to the erecting engineer.

f. Drawi ngs of the punp; base plate showi ng its di nensions.
4.2 Vel di ng

Wl d structural nmenbers in accordance with Section 05 05 23.16 STRUCTURAL
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1

VELDI NG For all other welding, procedures and wel ders nust be qualified
in accordance with ASVE BPVC SEC | X. Wl ding procedures qualified by

ot hers, and wel ders and wel di ng operators qualified by a previously
qual i fied enpl oyer may be accepted as pernitted by ASME B31.1. Perform
wel der qualification tests for each wel der whose qualifications are not in
conpliance with the referenced standards. Notify the Contracting O ficer
24 hours in advance of qualification tests. Performthe qualification
tests at the work site if practical. The welder or welding operator mnust
apply their assigned synbol near each weld nade as a pernmanent record.

The nanes of all qualified welders, their identifying synbols, and the
qual i fyi ng procedures for each wel der including support data such as test
procedures used, and standards tested to.

.5 DELI VERY, STORAGE, AND HANDLI NG

.5.1 Cener al

Qutfit nmjor punp conponents with lifting lugs or eye bolts to facilitate
handl i ng. Design and arrange lugs or bolts to allow safe handling of punp
conponents singly or collectively as required during shipping,
installation, and mai ntenance. Subnit copies of certified shipping bills
to the Contracting Oficer or nmenorandunms of all shipnents of finished

pi eces or nenbers to designated site, giving designation nark and wei ght
of each piece, nunber of pieces, total weight, and if shipped by rail in
carload lots, car initial and nunber.

.5.2 Processing for Storage

Prepare punps [and spare parts] for storage indoors. Indoor storage

consi sts of a permanent building that has a | eak-proof roof, full walls to
contain stored equi pnent, and a concrete floor or tenporary trailers. A
temporary structure may also be built at the job site for equi pnent
storage that will contain features of the pernmanent buil di ng above except
that provision for ventilation rmust be provided and fl oor may be crushed
rock. Provide a vapor barrier below the crushed rock. Use cribbing bel ow
equi pment stored on crushed rock so that equi pnent does not cone in
contact with crushed rock. Provide a plastic barrier between equi pnent
and wood cribbing. Submt a list of equipment and materials requiring

hum dity-controll ed storage to the Contracting O ficer no |later than 30
days prior to shipment of punping units. Store long term(greater than 6
nont hs) in accordance with Contractor sel ected punp specifications.

6 PRQIECT/ SI TE CONDI Tl ONS

6.1 Dat um

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

NOTE: Datum Sel ecti on

NAVD 1988 Datumis required for new projects. NGVD
is only appropriate if this contract is for, or
relates to, an existing project where Nationa
Ceodetic Vertical Datum (NGVD) was used originally.

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

El evati ons shown or referred to in this contract, are above [plus] or
bel ow [ m nus] [nean sea | evel] North American Vertical Datum of 1988
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1

1

1

(NAVD) [ 1.

El evati ons shown or referred to in this contract, are above [plus] or
bel ow [ m nus] [nean sea | evel] National Ceodetic Vertical Datum (NGVD)

[ 1]

.6.2 [ Static][Pool - To-Pool ][ Bowl ] Head

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTES: Sel ect appropriate alternate paragraph

Static head (1st alternate) is generally used for
punpi ng stations having di scharges over the
protection, free discharge or a di scharge chamnber
type pumping station. |If this alternate is

sel ected, the Specifier should attach FI GURE 1,
SYSTEM LOSS CURVE to the end of this section

Pool -t o- pool heads (2nd alternate) are usually

speci fied when the di scharge and suction systens are
conpl ex and total head is found by nodel test or
determ ned by the Contractor

Bowl Head (3rd alternate).

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

Static head is the difference, in neters feet, between water surface

el evation in the [sunp bay] [sunp] [imediately inside trash rack] and
[top of discharge pipe at highest elevation] [water surface el evation of
[river] [lake] [discharge chanber] [centerline of discharge flap gate in
di scharge chamber] | ]]. Total head includes static head, friction

| osses outside of equipnent being furnished, plus velocity head loss. [A
curve showing friction | osses plus velocity head for punped capacities is
i ncluded at the end of this section.]]

Pool -t o-pool head is the difference in neters feet between the water
surface elevation in the [sunmp bay] [sunp] and water surface elevation in
[ di scharge chanber] [discharge channel] [river] [ ]. Submt
conput ati ons of total head and | osses. Total head includes | osses from
the water surface on the suction side of the punp to di scharge water
surface.]

Bowl head is the difference in neters feet between the water surface

el evation in the [sunp bay] [sunp] [imediately inside of trash rack] and
the elevation of the diffuser exit plus head of water occurring at the
diffuser exit. The Contractor nust determne total head. Total head

i ncl udes | osses beyond the punp di ffuser plus velocity head | oss.]

7 MAI NTENANCE

7.1 Speci al Tool s

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

NOTE: Add applicable sections for drive units used.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

I ncl ude one set of special tools required to conpletely assenbl e,
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di sassenbl e, or nmaintain the punps. Special tools refer to oversized or
speci al |y di mensi oned tools, special attachnments or fixtures, or any
simlar itenms. |If required, provide a device for tenporarily supporting
t he punp shaft and inpeller during assenbly, disassenbly, and reassenbly
of the [notor] [gear reducer] when the thrust bearing is not in place.
Provide lifting devices required for use in conjunction with [the overhead
] [a truck] crane. [Provide a portable steel cabinet |arge enough to
accommodat e all special tools included under this paragraph and as
required by Section(s) [26 29 01.00 10 ELECTRI C MOTORS, 3-PHASE VERTI CAL
| NDUCTI ON TYPE] [26 29 02.00 10 ELECTRI C MOTORS, 3- PHASE VERTI CAL
SYNCHRONQUS TYPE], [41 65 10.00 10 [ DI ESEL][ NATURAL GAS] FUELED ENGQ NE
PUMP DRI VES] and [35 45 03.00 10 SPEED REDUCERS FOR STORM WATER PUMPS]
Mount the cabinet on four rubber-tired casters. Provide drawers to
accomodate tools. Fit front of cabinet with doors hinged to sw ng

hori zontal ly. Furnish doors with necessary stops, catches, and hasps for
conpl etely securing the cabinet with a padl ock. Furnish the padl ock
conplete with three keys. Pack special tools in wooden boxes if the size
and wei ght do not pernit storage in the tool cabinet. Provide slings if
the box and tools are heavier than 34 kg 75 pounds.]

[1.7.2 Extra Materials

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

NOTE: Spare parts should be required if estimated
station operating hours are greater than 500 hours
per year. Spare parts should also be considered for
punps located in renote | ocations and for punps with
unusual design. Spare parts for punping stations
havi ng nore than three punps of identica
construction should be considered, since acquisition
of these spares will be nore econonical when
purchased wi th the punping units. Decisions on
requiring spare parts can al so be based on incl uding
spare parts for stations in renpte areas or having
unusual | y desi gned punps where parts could take
considerable tine to obtain. Wen spare parts are

i ncluded as part of the original supply contract,
their cost would probably be half of their cost if
obt ai ned after original construction. Wen spare
parts are included as part of the original purchase
of the punping units, their cost could be |less than
one hal f of the cost when obtained at a |ater date.

Sel ect appropriate alternate paragraphs for

W W
subpar agraphs "d" and "f", bel ow.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Provide the foll owi ng spare parts:

a. One conmplete replacenent set of bearings, bearing shells, journa
sl eeves, shaft coupling, if applicable, and seals for each size punp.

b. One conplete replacenment set of wearing parts for the packing gl and
for each size punp, and sufficient packing for all punps.

c. Fifty percent of each size and length of bolt, nut, and washer used on
each size punp assenbly.

d. [One |ube punp, conplete with nmotor and tiner control, for the
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centralized lubrication system] [One conplete nmanual |y operated
centralized lubrication system] [One oil storage contai ner including
drip device and solenoid oil valve.]

e. One conplete main punmp shaft, including keys and thrust collars.

f. [One conplete punp inpeller for each size punp.] [One conplete nmain
punp inpeller bow assenbly for each size punp, consisting of the
i rpel l er bow , diffuser bow, suction bell if so equipped, inpeller
shaft with sl eeves, bearings, inpeller, and all fasteners required to
make a conpl ete assenbly.] Al spare parts nust be duplicates of the
original parts furnished and be interchangeable therewith. Pack spare
parts in crates as specified in paragraphs under DELI VERY, STORAGE
AND HANDLI NG. Provide slings if the crates and parts are heavier than
34 kg 75 pounds.

g. Provide copies of conplete parts list showing all parts, spare parts,
and bulletins for each size punp. Cdearly show all details and parts,
and adequately describe parts or have proper identification marks.

111.8  WARRANTY

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

NOTE: Consi der including an extended warranty for

t he punping equipnent if there is a |likelihood that

t he punping equi pmrent will be operated very little

during the first years due to a |lack of water

ongoi ng i nterconnected projects, or permtting

i ssues.
EE R R I S b b b b S b b S I R R S R I S S R R I R b I R I R S S R O I
Provide a warranty for all equipnent included under this section against
defective workmanshi p, materials, design, and performance for a period of
[ ] years fromthe date the equipnment is accepted. |If the equi prment
or part does not conformto these warranties, and the Government notifies
the Contractor within a reasonable tine after its discovery, the
Contractor must pronptly correct such nonconfornmity by repair or
repl acenent. Coordinate the down tine and repair for the equi pnent with
the Contracting Officer. The Contractor is liable during the warranty
period for the direct cost of renmoval of the equipment fromthe installed
| ocation, transportation for repair, and reinstallation on site. The
expense of renmoving adj acent apparatus, installing spare equi pnent, costs
of supplying tenporary service, is not included in this warranty provision

] PART 2 PRODUCTS

2

2.

1 SYSTEM DESCRI PTI ON

Desi gn and provide | ] [identical] vertical [axial-flow [or]

[m xed-flow], single [or two-]stage inpeller-type punps, as indicated.
The punpi ng systens include punps, [diesel engine punp drives], [electric
nmot or punp drives], [and reduction gears].

1.1 Desi gn Requi rement s

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

NOTE: Delete the reference to the punp operating in
the dry if the punp is product- water |ubricated.

Sel ect appropriate alternate paragraph for
subparagraph "d". A discharge line is used for al

SECTION 35 45 01 Page 19



applications, except for stations that have the
di scharge systemintegral with the wall of the
punpi ng station.

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

a. Punps are for the purpose of punping [ ] from] ] into
[ ]. Water punped will not exceed | ] degrees CF, will be
relatively turbid, and nay contain sand, silt, and vegetative trash
capabl e of passing through the trash rack. Trash racks will have
[ ] mr inch clear openings. [Design punps to operate in the dry.]

b. Drive the punps with the [vertical] [horizontal] [induction]
[ synchronous] [nptors described in Section [26 29 01.00 10 ELECTRIC
MOTORS, 3-PHASE VERTI CAL | NDUCTI ON TYPE] [26 29 02.00 10 ELECTRIC
MOTORS, 3- PHASE VERTI CAL SYNCHRONOUS TYPE]] [horizontal crankshaft
di esel engines described in Section [41 65 10.00 10 [ DI ESEL] [ NATURAL
GAS] FUELED ENGA NE PUMP DRI VES],] [through right angle, vertica
shaft, reducers described in Section [35 45 03.00 10 SPEED REDUCERS
FOR STORM WATER PUMPS]] as i ndicated.

c. Design punps so that no major nodifications, alterations, or additions
will be required to the punping station or suction bays to acconmpdate
them Design punps so that punp parts will fit within the limting
hori zontal and vertical dinensions shown and that installation and
mai nt enance can be acconplished by the [interior; overhead traveling
crane,] [truck crane using hatch in roof.] Punps, [or punp parts
assenbl ed at punping station] nust be capabl e of being | owered through
fl oor openings shown with a mninmumof 25 mr 1 inch cl earance around
each side

[ d. Each punp must discharge into di scharge system shown. System]| oss
curve, which includes friction | osses from punp discharge el bow to
[end of discharge line], [beginning of down [riverward] |eg of
di scharge line], including bend | osses, exit |oss, and vel ocity head,
is included as Figure 1 at end of this section to pernit determ nation
of total head. Determine |osses within the punp.]

[ d. Each punp di scharge system downstream of punp [di scharge el bow
[di ffuser] must be conpatible with Contractor selected punps. |t rnust
be of type shown and fit within liniting dimensions and el evati ons
shown. Determine all |osses for discharge system and submit for
approval . ]

[ d. Each punp must discharge into di scharge chanber shown. System| oss
curve(s) furnished includes all |osses beyond the discharge el bow
Deternmine | osses within the punp.]

[ e. Acconplish primng of siphon [with] [without] assistance of vacuum
equi pnment . ]

[ f. Design the punp and colum to be installed and renoved using the
[ ] kg ton overhead crane indicated. Design the punp and col um
section lengths with the indicated crane Ilift as a limting factor.]

[ g. Design docunents nust be signed and seal ed by a professional engineer.]

2.1.2 Capaci ties

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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NOTE: Sel ect appropriate alternate paragraphs.
Capacities are those determned fromearlier design
studies for the station. [|f hydrol ogy/hydraulic
studi es indicate that gross over-capacity may cause
a problem as in certain discharge chanbers, a

maxi mum capacity should be specified. If a siphon
di scharge systemis to be used, there should be a
m ni mum of two design points listed; one for the
primng condition and one for the design operating

condi ti on.
EIR IR I R R S I I I I IR I I I I I R R S I I IR I R I R b I R R I I I I I I R R I I I b b b b I R I I I b I b I I b I I b b b b

Each punp nust:

a. The guarantee point for the pump is [[ ] L/s gal/mn] with a
differential head pressure of | ] mfeet with water surface in
sunmp at El evation | ] mfeet.]

b. Be capable of constant-speed operation froma total head correspondi ng
to a [pool-to-pool][static][bow] head of | ] mfeet down to tota
head corresponding to a [pool -to-pool][static][bow] head of [ ] m
feet[ with water surface in the sunp at El evation | .

[2.1.2.1 Primed Condition

Each punp nust discharge nore than [[ ] mB/scfs | ] L/sgal/mn]
against a total head corresponding to a [pool -to-pool][static][bow] head

of [ ] mfeet. This rated condition is based on an intake cana

el evation of | ] m feet and a discharge pool elevation of | ] nfeet.
These punps must be capabl e of constant speed operation froma

pool -t o- pool head of [ ] m feet down to and including a pool-to-poo
head of [ ] mfeet with water surface in the intake sunp ranging from
el evation | ] mfeet to elevation | ] mfeet. Once the systemis
primed, the water level in the discharge inpoundment can range from

el evation | ] mfeet to elevation | ] mfeet.

1[2.1.2.2 Start-Up Condition

Upon startup, each punp must discharge sufficient water for the punps to
become prined and si phon recovery to begin. Since the head conditions
will be higher prior to the punp discharge pipe becomng filled, the punp
nmay be operated at a higher speed for a short period of time. The punp
flow must be sufficient to result in a flow velocity in the discharge pipe
of no less than 2 mper second 7 feet per second. The punp speeds nay be
changed during the punp primng period, but after primng is acconplished,
t he punps nust operate as constant-speed punps. Siphon breaker val ves
will be used to help prine the punps.

12.1.3 Punp Curves

I ndicate on the punp curves for the submitted punps that the punps are
capabl e of operating over the entire total head corresponding to the [ful
pool -to-pool] [static head range]. [Also provide punp curves for the
startup condition for punps that are operated at a different speed during
startup.]

Submit prelimnary punmp curves with the initial punp submittal. Indicate

the punp's expected total head, static heads, brake horsepower, and
efficiency, as ordinates. Plot against the punp discharge as the

SECTION 35 45 01 Page 21



absci ssa. The curves nust indicate that the punp neets all specified
conditions of capacity, head, brake horsepower, and efficiency.

2.2 MATERI ALS

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

NOTE: The Designer shoul d di scuss materials and
design details for specific site application with
punp manufacturers; and the Designer should edit
Sections 05 50 14, 05 50 15, and 08 31 00 as
appropri ate.

The use of corrosion resistant materials for punp
fabrication such as conposite inpellers or
conponents may be appropriate on a case by case
basis. |If a designer believes conventional punp
materials are not suitable or reliable. The

Desi gner shoul d specifically consult punp
fabricators while devel opi ng contract docunents when
considering the use of conposite naterial. Sone

st andards whi ch govern structural conposite
materials are ASTM D638, ASTM D790, ASTM D695, ASTM
D2344, ASTM D3846, ASTM D3433, ASTM D696, ASTM
D2583, ASTM D785 and ASTM D570.

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

If not specified, materials and fabrication must conformto the

requi renents of Section [08 31 00 ACCESS DOORS AND PANELS] [05 50 14
STRUCTURAL METAL FABRI CATI ONS] and Section 05 50 15 CIVIL WORKS

FABRI CATI ONS. Material selection not specified is guided by H 9.1-9.5
for corrosion, erosion, and abrasion resistance. Submt copies of
purchase orders, deviations fromthe specified naterials, mll orders,
shop orders for materials, and work orders, including orders placed or
ext ended by each supplier. Furnish a list designating materials to be
used for each itemat time of submittal of drawings. Wthin 60 days of
notice of award submit names of Contractor selected nanufacturers of
machi nery and ot her equi pment contenplated to be incorporated in the work
together with performance capacities and other rel evant infornmation
pertaining to the equipnent. Submit sanples of materials as directed.
Equi prent, materials, and articles installed or used w thout the approval
of the Contracting Officer are at risk of subsequent rejection

a. ldentify each punp by neans of a separate nanepl ate pernanently
affixed in a conspicuous |ocation. The plate nust bear the
manuf acturer's name, nodel designation, serial nunber if applicable,
and other pertinent information e.g. horsepower, speed, capacity,
type, direction of rotation. Make the plate of corrosion-resisting
netal with raised or depressed lettering and a contrasting background.

b. Equip each punmp with suitably | ocated instruction plates, including
any warni ngs and cautions, describing any special and inportant
procedures to be followed in starting, operating, and servicing the
equi prent. Make the plates of corrosion-resisting netal with raised
or depressed lettering and contrasting background.

c. Provide safety guards and/or covers wherever necessary to protect the
operators from acci dental contact with nmoving parts. Make guards and
covers of sheet steel, expanded metal, or another acceptable material
and renmovabl e for disassenbly of the punp.
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2.3 METALWORK FABRI CATI ON
2.3.1 Desi gnated Materials

Desi gnated materials nmust conformto the followi ng specifications, grades,
and cl assifications.

MATERI ALS SPECI FI CATI ON GRADE, CLASS
Al um num Bronze ASTM B148 All oy No. C95500 Castings
Cast Iron ASTM A48/ A48M Cl ass Nos. 150A 150B, and

150C, 30A, 30B, and 30C

Cast Steel ASTM A27/ A27M Grade 65-35, anneal ed
Cast Stainless Steel ASTM A743/ A743M CF8
Coal Tar Protective AWM C203
Coat i ngs
Col d-Rol l ed Steel Bars ASTM A108 mn, W. Strm 450 MPa
65, 000 psi
Copper Alloy Castings ASTM B584 Al'l oy No. C93700
Corrosi on- Resi stant All oy ASTM A217/ A217M Grade CA15
Casting
ASTM A352/ A352M CA6NM
ASTM A351/ A351M CF8M

Di mensions for Steel Water |AWM C208
Piping Fittings

Hot - Rol | ed Stai nl ess ASTM A576 Graded G10200 and Gl1410
Ri ng Fl anges AWM C207 Cass B

Rubber Products in ASTM D2000

Aut onoti ve Applications

Seanl ess and Wl ded ASTM A312/ A312M

Austenitic Stainless Steel

Pi pe

St ai nl ess Bars and Shapes ASTM A276/ A276M Grades S30400 and S41000
St eel Forging ASTM A668/ A668M Class F

Cast Stainless Steel ASTM A743/ A7T43M CF8

St eel Pipe AWM C200

150 mm 6 i nch and Larger

Steel Plates, Pressure ASTM A516/ A516M Grade 55

Vessel

Steel Plates, Pressure ASTM A242/ A242M

Vessel

Steel Plate, Structural ASTM A285/ A285M Grade B

Quality

Structural Steel ASTM A36/ A36M
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MATERI ALS SPECI FI CATI ON GRADE, CLASS

Surface Texture (Surface ASME B46. 1
Roughness, Wavi ness, and

Lay)

2.3.2 Bol t ed Connecti ons
2.3.2.1 Bolts, Nuts, and Washers

Bolts, nuts, and washers nust conformto requirements of paragraphs under
METALWORK FABRI CATI ON, and par agraphs under VERTI CAL PUMPS for types
required. Use bevel ed washers where bearing faces have a slope of nore
than 1:20 with respect to a plane normal to bolt axis.

2.3.2.2 Mat erials Not Specifically Described

Material s not specifically described must conformto |atest ASTM
specification or to other listed conmercial specifications covering class
or kinds of materials to be used.

2.3.3 Met al wor k
2.3.3.1 Flame Cutting of Materia

Flame cutting of material other than steel is subject to approval of the
Contracting O ficer. Shear accurately, and neatly finish all portions of
work. Steel nmay be cut by nechanically guided or hand-gui ded torches,
provi ded an accurate profile with a smooth surface free fromcracks and
notches is secured. Prepare surfaces and edges to be wel ded in accordance
with AWs D1.1/D1.1VM. Do not chip or grind except where specified and as
necessary to renove slag and sharp edges of nechanically guided or
hand- gui ded cuts not exposed to view. Visible or exposed hand-guided cuts
nmust be chi pped, ground, or nachined to netal free of voids,

di scontinuities, and foreign materials.

2.3.3.2 Alignnent of Wetted Surfaces

Exercise care to assure that correct alignnment of wetted surfaces being
joined by a flanged joint is being obtained. [Were plates of the water
passage change thickness, transition on the outer surface, |eaving inner
surface properly aligned.] Wen welding has been conpl eted and wel ds have
been cl eaned, but prior to stress relieving, carefully check joining of
plates in the presence of the Contracting Oficer for msalignnent of
adjoining parts. Localized nisalignnment between inside or wetted surfaces
of an adj oi ning fl ange-connected section of punp or fornmed suction intake
cannot exceed the amount shown in Colum 4 of Table 1 for the respective
radi us or normal distance fromthe theoretical flow centerline. Correct
m sal i gnnments greater than the all owabl e amobunt by grindi ng away offending
netal, providing the maxi mum depth to which netal is to be renoved does
not exceed anobunt shown in Colum 5 of Table 1. Do not renove netal unti
assuring the Contracting O ficer that no excessive stresses will occur in
the remaining material and that excessive local vibration will not result
fromrenmoval of the material. Were required correction is greater than
the amount in Colum 5 of Table 1, reject pipe for use. Proposed
procedure for all corrective work, other than mnor grinding, nust be
approved by the Contracting Oficer prior to start of corrective work
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Fini sh corrective work by grinding corrected surface to a snooth taper
Length of the taper along each flow line elenent nust be 10 tines the
depth of the offset error at the flowline. Wtted surface irregularities
that m ght have existed in an approved nodel cannot be reason for
accepting conparable surface irregularities in the prototype punp.

TABLE 1
(1) (2) (3) (4) (5)

Pi pe D aneter Pi pe Radius or Pi pe Thi ckness Maxi mum O f set Gind-Not More
(mm (inches) Di stance (nm) (mm (inches) (mm (inches) Than (mm
(i nches) (i nches)
60024 30012 103/ 8 1.61/16 2.43/32
75030 37515 103/ 8 1.61/16 2.43/32
90036 45018 103/ 8 2.43/32 2.43/32
105042 52521 131/ 2 2.43/32 3.21/8
120048 60024 131/ 2 3.21/8 3.21/8
135054 67527 131/ 2 3.21/8 3.21/8
150060 75030 193/ 4 4.05/ 32 4.05/ 32
180072 90036 251 4.05/ 32 4.05/ 32
210084 105042 291-1/8 4.83/16 6.41/ 4

2.3.3.3 Stress-Relieving Procedure
After all fabrication welding is conpleted, and prior to any nachining,
stress-relieve the bell and the inpeller (if it is fabricated) by heat
treatment. Submit proposed stress-relieving procedure.

2.3. 4 Exam nati on of Castings
Clean and carefully exam ne all castings for surface defects. Exam ne al
di scovered defects by nondestructive means. Exam nation personnel nust be
qualified/certified in accordance with applicable ASTM requirenents.
Submit the exam nation procedure and qualification of the exam ner
Conduct examnation tests in the presence of the Contracting Oficer.
Choose the exam nation procedure best suited for the application

2.3.4.1 Exami nati on Procedures

2.3.4.1.1 U trasonic

Conform inspection to the applicable provisions of ASTM A609/ AGO9.
2.3.4.1.2 Magnetic Particle

Conform inspection to the applicable provisions of ASTM E709.
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2.3.4.1.3 Li qui d Penetrant
Conform inspection to the applicable provisions of ASTM E165/ E165M.
2.3.4.2 Acceptance and Repair Criteria

Acceptance and repair criteria nmust be in accordance with Section [08 31 00
ACCESS DOORS AND PANELS] [05 50 14 STRUCTURAL METAL FABRI CATI ONS] .

2.4 VERTI CAL PUMPS

2.4.1 Speed

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

NOTE: Sel ect appropriate alternate paragraph
Alternate 1 is used when cavitation testing is part
of the contract. Alternate 2 is used when the punp
will not be tested to determ ne the cavitation
characteristics and the designer has deternined the
maxi mum speed to be specified based on the NPSHA
The following criteria should be used by the
designer in determ ning the maxi mumrotative speed:

(SS) x (NPSHA) ¥4

Nog = ==-mmmmo-r 1 ;; """"
C
wher e
N.c = punp rotative speed, in revolutions per mnute
SS = suction-specific speed

Q =flow, in gallons per mnute
NPSHA = net positive suction head avail abl e

Maxi mum val ue of SS to be used in the formul a:
SS = 8,500

A nmore conservative value of suction specific speed
may be used when operating for extended periods of
ti me above or bel ow the optinmum efficiency point.

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

[ Rotative speed of punp rmust be no greater than | ] r/mnrpm. Verify
that rotative speed of punp at which the NPSH is produced is no | ess than
required, as deternined by cavitation tests specified in paragraph FACTORY
TEST (Alternate 2).]]

Rot ati ve speed of punp nust be no greater than [ ] r/mn rpm]

2.4.2 Reverse [Rotation] [Flow

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

NOTE: Sel ect appropriate alternate paragraph
Reverse Rotation (1st alternate) and Reverse Fl ow
(Alternate 2). 1st alternate (bracketed paragraph)
i s used when the punping unit does not have a
non-reverse device. 2nd alternate (bracketed
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2.

[

paragraph) i s used when the punping unit is equipped

with a non-reverse device.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Each punp nust withstand, with no damage, full rotative speed caused by
subj ecting the punp to reverse flow. The head used to determine this
reverse rotative speed is calculated fromspecified hi ghest discharge side
wat er el evation and | owest punp intake side water elevation.[ Each punp
and its connected electric nmotor nust be capable of full reverse rotative
speed when acting as a turbine by reverse water flow. Use the highest
head specified in paragraph [ STATIC][ POOL- TO-POOL] [ BOA] HEAD to deternmni ne
the reverse speed.][ Provide a non-reverse device for drive systens
contai ning reduction gears or engines with .]][

The punp(s) must withstand, with no damage, the full force exerted on it,
with the inpeller subjected to reverse flow and the upper end | ocked in

pl ace by a backstop. Calculate the head to determ ne the force devel oped
by this reverse flow fromthe specified highest discharge side water

el evation and | owest punp intake side water elevation. Reverse rotative

speed nust be [0.0][ ] with instantaneous activation of the backstop.]

4.3 Ef ficiency

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

NOTES: Sel ect appropriate alternate paragraph

Al'l punp specifications should require some m nimum
efficiency at the primary or normal operating design
point. This minimmefficiency should be based on

t he punp sel ecti ons nmade during punmp station |ayout
and desi gn.

Alternate 1 is used when pool -to-pool head is
specified in paragraph PRQIECT/ SI TE CONDI TI ONS, and
t he punp manufacturer is required to nodel the

di scharge system (Alternate 2). Alternate 2 is a
nmeasure of punp efficiency as defined in H ANSI/HI
14.6. The stated efficiency is based on the punp

sel ection made during station |ayout and design
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Pool -t o- pool efficiency at head-capacity condition(s) specified in
par agr aph CAPACI TI ES nmust not be |ess than | ] percent when cal cul ated
as follows:

Qx H
Efficiency = ---------- x 100
366 x BKW
Wer e: Q = Di scharge, cubic neter/hour

H = Pool -to-pool total head, neters
BKW = Punp brake kil owatt

Qx H
Efficiency = ---------- x 100
3960 x BHP
Vher e: Q = Discharge, gallons per mnute
H = Total head, feet
BHP = Punp brake horsepower
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[ Pump efficiency, as defined in H ANSI/H 14.6, must include |osses from
the suction bell to the discharge el bow outlet and nmust not be |ess than
[ ] percent at the head-capacity condition(s) specified in paragraph
CAPACI Tl ES. ]

2.4.4 Suction Bell

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

NOTE: The recomrended m ni mum t hi ckness of stee
pi pe to be specified is:

DI SCHARCGE DI AVETER M NIl MUM THI CKNESS
mmi nch mm i nch
Up to and including 750 30 103/ 8
Above 750 30 and up to and including 131/ 2
1200 48
Above 1200 48 and up to and incl uding 165/ 8
2100 84

More detail ed procedure for computing m ni mum pi pe
t hi ckness can be found in AWM ML1 Steel Pipe or
ASME B31.3 Process Piping. |If a formed suction
inlet (FSI) is specified, this paragraph shoul d be
del et ed.

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

Make each suction bell of [either cast iron, cast steel, or welded steel
plate,] [stainless steel plate]. Provide a flanged connection for mating
with the inpeller bowl with a rabbet fit or four equally spaced dowels
installed in the vertical position for initial alignnent purposes and to
mai ntai n concentric alignment of the punp. [Steel plate, if
used, ][ Stainl ess steel plate] rmust have thickness of not |ess than | ]
mr i nch. Each suction bell nust be [made in one piece][split vertically
with bolted flanges joining the two pieces together. Mintain alignnent
by use of dowels]. Support each suction bell entirely by the punp

casing. Supports fromsunp floor will not be acceptable, [except those
that are part of a fornmed suction intake].[ Support unbrellas, if used,
by the suction bow. Construct the unbrella in two pieces if a single

pi ece unbrella could not be renmoved using the punp opening in the
operating floor. Provide bolted flanges on each half of the unbrella and
provide for and easily renovabl e bolted connection to the suction bow .
Provide sufficient lifting lugs on the unbrella to aid in handling.]

2.4.5 | mpel | er Bowl

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

NOTE: The recommended m ni num t hi ckness of stee
plate to be specified is:
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2.

2

DI SCHARCGE DI AVETER M NIl MUM THI CKNESS
mmi nch mmi nch
Up to and including 750 30 131/ 2
Above 750 30 and up to and including 165/ 8
1200 48
Above 1200 48 and up to and incl uding 193/ 4
2100 84

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

Make each inpeller bow of [either cast iron, cast steel, welded stee
plate or a conbination of cast steel and steel plate] [stainless stee

pl ate][cast stainless steel]. [Steel plate, if used,][Stainless stee

pl ate] nust have thickness of not less than [ ] my inch after
machining is conpleted. Heat-treat and stress-relieve welds before fina
machi ning. Provide flanges for mating with the [suction bell][forned
suction intake] and the inpeller bow or two-piece construction of the

i mpel ler. Provide flanged connections with the suction bell and the

di ffuser or split construction with a rabbet fit or four equally spaced
dowel s installed in the vertical position for initial alignnent purposes
and to maintain concentric alignment of the punp. Machine finish the

i mpel l er-swept area in the inpeller bow to at least 3.2 pumr 125 mcroinch
roms and concentric with the inpeller axis. For mxed-flowinpellers, the
angle in the inpeller bow nust equal the outside angle of the inpeller

bl ade tips. Tolerance for concentricity of the inpeller with the inpeller
axis is not greater than 20 percent of the operating cl earance between the
i rpel l er and the inpeller bow.

.4.6 Di f fuser Bow

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

NOTE: Use the same thickness for the steel plate as
speci fied in paragraph | MPELLER BOW..

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

Make each diffuser bow of [cast iron, cast steel, welded steel plate, or
a conbi nati on of cast steel and steel plate][stainless steel plate][cast
stainless steel]. [Steel plate, if used,][Stainless steel plate] nust
have a thickness of not |ess than [ ] mr inch after machining is
conpleted. The diffuser nust contain support for the upper inpeller shaft
beari ng and have vanes to guide the punped flow. Equip the diffuser bow
with a bypass drain, if required, to outside of the pump fromthe diffuser
cavity |l ocated between the encl osing tube connection and the inpeller.
Furnish throttle bushing located in the cavity i medi ately above the

i rpel l er. Design bypass drain and throttle bushing to reduce water
pressure on the | ower seal. |Inpeller back-wear rings can also be used to
reduce water pressure on the | ower seal

4.7 Punp Col utm and Di scharge El bow

L4.7.1 Col um and Di scharge El bow

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

NOTE: Use the sanme thickness for the steel plate as
specified in paragraph | MPELLER BON., above. For
nost punps, space should be provided for using a
| ong radius type elbow. Unless the elbow is nmade of
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cast materials, the elboww |l be the mtered type.
The roundness tol erance shoul d be specified when the
flexible coupling is not part of the contract.
Tur ni ng vanes nust be used in punps having an access
door to inspect/renmove trash.

The foll owi ng tol erance shoul d be used for
specifying the tolerance for the plain end of the

el bow.
NOM NAL PI PE SI ZE TOLERANCE ON ACTUAL QO D.
mmi nch mmi nch
Less than or equal to 400 16 Plus/mnus 1.5 0.06
Above 400 16 and up to and Plus/mnus 2.0 0.08

i ncl udi ng 600 24

Above 600 24 and up to and Plus/mnus 2.5 0.10
i ncl udi ng 1050 42

Greater than 1050 42 Plus 3.0 0.12/Mnus 1.5 0.06

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

Make each col utm and di scharge el bow of [either cast iron, cast steel, or
wel ded steel plate] [stainless steel plate]. [Steel plate, if
used, ][ Stainl ess steel plate] must have a thickness of not |ess than

[ ] my inch after nachining is conpleted. Provide el bow of [short
radius type][long radius type][nmitered type].[ Do not use turning
vanes.][ Space turning vanes, if used, at |least twi ce the space of clear
space of the trash rack.] If turning vanes nmade of wel ded steel plate are
used, provide an access door in the discharge el bow to allow personnel to
i nspect turning vanes and renove trash if necessary. Design columm and

di scharge el bow to withstand i nternal pressures and external | oadings
associ ated with various conditions of punp operation. Provide flanges for
mat i ng i ndi vi dual segments together and for mating the punp colum to the
di ffuser bow . Flanges nmust have rabbeted fits or four equally spaced
dowel s installed in flanges for initial alignment purposes and to nmaintain
concentric alignment. Terminate the elbowin a plain-end circular

section. Diameter tolerance of plain end is | ] mr inch. Provide

di amet er of di scharge end of el bow as indicated and al |l ow standard

di ameter flexible couplings to be used. Use adjustable thrust rods and
thrust lugs to transfer the | oad by bridging the coupling between the punp
di scharge el bow and di scharge piping. Determ ne the size and nunber of
thrust rods needed for the expected |l oading. Use a mninmmof four thrust
rods. Maintain conplete access to the discharge piping until the

di scharge pipe installation is conplete, inspected, and approved.

2.4.7.2 Col um and Di scharge El bow Support

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

NOTE: Sel ect appropriate alternate paragraph. Punp
Col um and Di scharge El bow (1st alternate) is used
for conventional punps supported fromthe
base-plate. Design Punp Unit (2nd alternate) is
used for large stations having punps over 1800 mr 72
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i nches in discharge dianeter and supported from

different floors.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

[ Design punmp columm and di scharge el bow for suspension from a basepl ate
assenbly specified in paragraph BASEPLATE AND SUPPORTS and | ocated at
operating floor |evel.]

[ Design each punmping unit for installation as indicated. Install the
basepl ate for supporting the [electric notor] [gear reducer] at elevation
of operating floor, EL [ ]. Support the punp casing at internedi ate
floor, EL | ]. Provide the [support systeni [support system
consi sting of columms extending from baseplate to internediate floor].
The support system nust transfer the entire |load on the baseplate to the
internediate floor. Design the support systemto maintain proper
al i gnment of the punmping unit and propeller blade setting. Include the
support systemin the dynam c anal ysis.]

2.4.7.3 Punps Di scharge Di aneter

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

NOTE: A manhole is used if the punp has a shaft
encl osi ng cover that can be renoved w t hout
di sassenbly of the punp.

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

Punps having a di scharge dianeter greater than 1500 nmr 60 i nches nust
contain a manhole. Provide a structural steel bracket with a platform of
rai sed-pattern floor plate simlar to the one(s) indicated as a support
for maintenance personnel for access to the punp through a nanhol e.
Provi de a nanhol e 600 by 750 mr 24 by 30 inches, or |argest practicable
size with a gasketed cover, in the colum above the diffuser bow .
Provide jack bolts in the cover together with eye bolts to facilitate
renoval .

[2.4.7.4 Formed Suction Intake

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

NOTE: Sel ect appropriate alternate paragraph

Alternate 1 should be used when a rectangul ar sunp
is designed using criteria established by U S. Arny
Engi neer Research and Devel opment Center (ERDC).

The use of a Fornmed Suction Intake (FSI) (Type 10),
Alternate 2, is determ ned during the design phase
of the station/punp. The CGovernment will furnish
al | di mensions and be responsible for the design.
The FSI was devel oped by ERDC and is now i ncluded in
H  ANSI/H 9.8.

The sunp floor el evations should be determned in

t he design of the punps/station. The inpeller datum
el evation should allow the necessary subnergence as
determ ned by the conputations in EM 1110-2- 3105,

and verified with punp manufacturers' data.

The Desi gner should contact at |east 3 punp
manuf acturers early in the project design phase to
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verify the Designer's punp size estimate. Normally
the eye of the inpeller is located at m ni num sunp
el evation, and the geonetry of the FSI deternines
sunmp floor elevation. The early verification is

i mportant for the punp house structural design FSI
hydraulics are very sensitive to change, and the
punp di aneter deterni nes the dinensions of the FSI

In designs where the FSI is not constructed of
concrete, it is reconmended that all materials

i ndi cated, or combination of these materials, should
be specified. A hatch in the operating floor is
general ly provided in each punp bay to permit the

pl acenent of the FSI sections into the sunp. |If the
station design/size does not have space for a hatch
then the opening for the punp is used for placenent
and rermoval of the FSI or is designed so that it can
be renoved using the sunp gates and trash rack. The
m ni mum t hi ckness of fabricated naterial for the FSI

shoul d be:
EXIT DI AMETER OF FSI THI CKNESS

mmi nch mmi nch
Up to and including 450 18 103/ 8
Above 450 18 and up to and incl uding 131/ 2
900 36
Above 900 36 and up to and incl uding 165/ 8
1350 54
Above 1350 54 and up to and including 193/ 4
2100 84

When a FSI is used, paragraphs SUCTI ON BELL and
| MPELLER BOW. shoul d be changed to coordinate with
the FSI requirements.

The t hickness of the rubber gasket nust be as

fol | ows:
FSI EXIT DI AVETER THI CKNESS
mmi nch mmi nch
Up to and including 1200 48 131/ 2
Above 1200 48 and up to and incl uding 193/ 4
2100 84

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

[ Sump has been designed using information obtained by sunp nodel testing.
Changes to sunmp layout will not be permtted.]

[ Forned Suction Intake (FSI):

a. Provide the FSI water passage with the punp, sized to fit within the
[imting el evations and di nensions indicated. Do not |ocate bearing
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bel ow the inpeller when an FSI is used.

Di nensi ons of the intake el bow and conical transition section of the
FSI are relative to the dianmeter at the top of the cone, as defined on
the drawi ngs. The dianeter at top of the cone and rel ated di nensi ons
are determ ned to accommodate the size of punp, providing limting
val ues for discharge and subnergence are not exceeded, the floor of
the FSI renmmins at elevation | ], and inpeller datumis set no

hi gher than el evation | ]. The rectangular transition section of
the FSI upstream of the el bow can be nodified in length to match the
wi dt h of the individual punp bay or sunp intake. Any nodification
must be limted to surfaces and di mensions indicated, and nmust be
approved.

Construct each FSI of [fabricated steel,][ cast iron,][ cast steel,]]
or a conbination of these materials enbedded in concrete][formed
concrete as indicated]. Stiffeners used nust be on the outside of the
FSI to allow smooth flows in the FSI. Size subassenblies of the FSI
unl ess constructed of formed concrete, to permt placenment and renoval
through [a hatch in operating floor] [the punp opening in the
operating floor] [through the sump gate and trash rack]. Bolts used
to connect flanges nust be stainless steel with bronze nuts. M ni num
t hi ckness of fabricated material must be [10][13][16][19] mr
[3/8][1/2][5/8][3/4] inch for fabricated portions. Provide grout
holes in floor of the FSI to permit full grouting. [FSlIs formed in
concrete nust neet the surface requirenents specified in Section

03 30 00 CAST-I N PLACE CONCRETE and conformto the construction

tol erances given in TABLE 1.][ FSlIs constructed of iron or steel nust
conformto the construction tol erances given in Section 05 50 14
STRUCTURAL METAL FABRI CATI ONS. ]

TABLE 1
TOLERANCES FOR FORMED SURFACES

Variations fromthe plunb

a. Inthe lines and In any 3 m10 feet of 6 mm 1/4 inch

surfaces of col ums, I ength

piers, walls and in

ari ses Maxi mum for entire 25 mm 1 inch
I ength

Variation fromthe level or fromthe grades indicated:

a.
and in arises, measured |length

before renoval of
supporting shores In any bay or in any 9 |10 nm 3/8 inch

In slabs, ceilings, |In any 3 m10 feet of 6 mm 1/4 inch

m 20 feet of length

Maxi mum for entire 20 mm 3/4 inch
I ength
b. In exposed sl ab, In any bay or in any 9 |6 nm1/4 inch
floors and ot her m 20 feet of length
conspi cuous |ines
Maxi mum for entire 13 nm 1/ 2 inch
I ength
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TOLERANCES FOR FORMED SURFACES

TABLE 1

a. Variation of the
linear building lines
from established
position in plan

In any 9 m20 feet 13 mm 1/2 inch

Maxi mum 25 mm 1 inch

b. Variation of
cor ner ed

6 nm 1/4 inch

Variation of distance
bet ween wal | s
partitions.

6 mMmm 1/4 inch per 3 m10 feet of distance, but
not nore than 13 mm 1/2 inch in any one bay,
and not nore than 25 mm 1 inch total variation

Variation in the sizes M nus 6 nm 1/4 inch
and | ocations of punp
throats, floor
openi ngs, and wal |
openi ngs Pl us 13 mm 1/2 inch
Variation in M nus 6 nm 1/4 inch
cross-sectional
di nensi ons of punp
throat and in the
t hi ckness of slabs and
val I's Pl us 13 mm 1/ 2 inch
Foot i ngs:
a. Variation of M nus when forned 13 mm 1/ 2 inch
di nensions in plan ;

Pl us when fornmed 50 mm 2 inches

or plus 75 nm 3 inches when pl aced agai nst
unformed excavati ons

b. M splacenent of
eccentricity

2 percent of the footing width in the direction
of m splacenent but not nore than 50 mm 2 inches

c. Reduction in M nus 5 percent

t hi ckness of specified

t hi cknesses

Variation in steps:

a. In a flight of Ri ser 3 mm 1/ 8 inch

stairs _
Tread 6 mm 1/4 inch

b. In consecutive steps|Riser 2 mm 1/ 16 inch
Tr ead 3 mm 1/8 inch

FSI connection to punp inpeller bow flange nust be designed by the
Contractors selected punp supplier and be rigid or flexible as
i ndi cated by results of the dynam c analysis required in paragraph

DYNAM C ANALYSI S.

Submit design and draw ngs indicating naterials of
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construction and nethod of assenbly of the FSI for approval.]

12.4.7.5 Fl anges

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

NOTE: The recomrended m ni mum fl ange thi ckness to
be specified is:

I NSI DE DI AVETER OF JO NT THI CKNESS
mmi nch mmi nch
Up to and including 600 24 321-1/4
Above 600 24 and up to and including 381-1/2
1050 42
Above 1050 42 and up to and including 502
2100 84

See AWM C207 for additional flange thickness
details.

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

Machi ne flanges and drill bolt holes concentric with punp shaft verti cal
centerline, having a tolerance of plus or minus one fourth of the

cl earance between the bolt and bolt hole. Wen fabricated fromstee

pl ate, flanges nust not be |less than [25][32][38][50] mr
[1][2-1/4][1-1/2][2] inch thick after machining. Flange thickness after
machi ni ng cannot vary nore than 10 percent of greatest flange thickness.
Provi de external stiffeners, if needed. Construct fabricated flanges, as
a mnimm to the dinensions of AWM C207, Cass B. Design flanges on
maj or conponents of punp casing (suction bell, inpeller bow, diffuser
bowl, and col um and el bow pi pi ng) such that blind hol es necessitating use
of cap screws or stud bolts are not used. Design flanges for connection
to colum pipe by at least two continuous fillet welds. Connect the

i nside dianeter of the flange to punp colum with one weld, and connect

t he outside dianeter of the punp colum to the flange with the other
wel d. Final design of welds rests with the manufacturer, and specified
wel ds are the mninmumrequirenent. Parallel nachine, when provided on
each end of the same conponent, and nount parallel to a plane that is
normal to punp shaft centerline. Flanges on each end of the sane
conponent must have parallel tol erance of 0.051 mr 0.002 inch. Finish
machi ne mating surface on flange to 3.2 um 125 nicroinch finish or
better. Provide flanges with a mninumof three jacking bolts to aid in
di sassenbly of the punp.

2.4.7.6 Fl anged Joints

Design flanged joints to be air-and water-tight, w thout the use of
prefornmed gaskets, against positive and negative operating pressures that
wi || be experienced, except that permanent gasketing conpound wll be
permtted. Provide mating flanges, unless of the male-fenal e rabbet type,
with not |ess than four tapered dowels equally spaced around each fl ange.
If rabbeted fit is not used, then provide the nmethod used to deternine
concentricity of connected pieces.
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2.4.7.7 Nuts and Bolts

Use 300 series stainless steel for bolts used in assenbling the punp and
its supporting nenmbers, including anchor bolts and dowels. Use only
bronze nuts and hexagonal bolts and nuts. Also use 300 series stainless
steel washers.

2.4.7.8 Gal vani ¢ Protection

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

NOTE: Sel ect appropriate alternate paragraph

Alternate 1 should be used for punps having
di scharge di aneters of 500 mr 20 inches or |ess.

Alternate 2 should be used for punps having a

di scharge di ameter greater than 500 mm 20 inches.
This may al so be used for punps with sidecharge

di ameters of 500 mr 20 inches or |ess when

manuf acturers' information indicates that this
method will be the | east expensive. The tota

wei ght of anodes to be used for each punp is:

DI SCHARCGE DI AMETER mminch | M NI MUM NUMBER TOTAL VEI GHT

OF ANCDES USED | OF ANODES USED
kg | bs

From 500 20 up to and 2 1840

i ncl udi ng 900 36

Above 900 36 up to and 4 3680

i ncluding 1200 48

Above 1200 48 up to and 7 68150

i ncl udi ng 2100 84

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

[ When dissimlar netals are used, electrically isolate dissimlar parts.
Verify isolation by checking joint with an ohnmeter.] [Wen dissimlar
netal s are used, use zinc anodes. Provide machi ned nounting pads and
install anodes on carbon steel or cast iron parts. Fasten anodes to bare
material on the punp so that continuity is obtained between the anode and
the punp. Verify continuity by checking the joint with an ohnmeter
Locate anodes on the exterior of the punp bel ow normal sunp level. Tota
wei ght of anodes used per punp nust be [18][36][68] kg [40][80][150] pounds.
El ectrically bond punp joints at the joints.]

2.4.7.9 Har nessed Coupl i ng

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

NOTE: This alternative is used when the flexible
coupling is to be furnished by the punmp Contractor

The applicabl e connection should be stated.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Provide a flexible mechanical coupling or split-sleeve type coupling that
either confornms to ASTM F1476, Type Il, Cass 3, stainless steel or
ASTM F1476, Type 1, to connect the punp discharge elbowto the [transition
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section] [wall thinmble] [discharge piping]. Install a mninmmof four
harness bolts (sized by the punmp manufacturer) at each coupling.

2.4.7.10 wall Thinble

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

NOTE: This alternative is used when the discharge
pi pi ng includes the piece that will be enbedded in
the wall of the station. The size of vent to be
used is deternined frominformation in EM

1110-2- 3105.

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

Provi de each wall thinble with one plain end to acconmbdate the flexible
nmechani cal coupling and one flanged end to mate with the [flap gate]
[multiple shutter gate] [discharge piping]. The plain end nust match the
punp di scharge el bow in thickness and dianeter and drill the flanged end
to match, and be capabl e of supporting without distortion, the [flap gate]
[multiple shutter gate]. Provide the seal ring on the wall thinble
|ocated so that it is centered in the wall when enbedded. In addition
provide a [ ] mr inch flanged vent nozzle equi pped with an ASMVE B16.5
Standard 125 pound flange and | ocate where indicated. Fabricate the wal
thinble fromsteel plates.

2.4.7.11 Di scharge Pi ping

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

NOTE: Include applicable discharge pipe description

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

[ Provide discharge piping consisting of a transition section and a wal
thinble. Provide a transition section with one plain end and one fl anged
end, and have a change in cross section fromround to [square]
[rectangular]. On the plain end, match the punp di scharge el bow in
t hi ckness and di aneter. Arrange the wall thinble for embednment and with
the flanges on each end. Mate one end with the flange on the transition
section and mate the other end with the flap gate. Fabricate the
di scharge flange with a m ni rum di nensi on of AWM C207, Cass D, and dril
to match. The di scharge flange nust be capabl e of supporting w thout
distortion, the multiple shutter gate. Provide a seal ring on the wal
thinble and locate it so that it is centered in the wall when enbedded.
In addition, provide a | ] mr inch flanged vent nozzle equipped with
an ASME B16.5 Standard 125 pound flange and | ocate where indicated.
Fabricate the discharge piping fromsteel plate.]

[ IInstall the discharge piping as indicated. WMtch the plain end of each
di scharge pipe with the punp discharge el bow in thickness and di aneter and
be able to allow a flexible nechanical coupling to connect it to the punp
di scharge el bow. [Term nate the discharge piping in a flanged end to nmate
with a flap gate. Drill the flanged end to match, and be capabl e of
supporting the flap gate without distortion.] [Term nate the discharge
pi ping in an open end.] Provide the discharge pipe with pipe supports or
cradl es as recommended by the punmp manufacturer. Locate the supports
between the flexible coupling and the wall, as indicated. Provide
sui tably-sized thrust restraints at each flexible coupling as indicated.
The supports must provide support for the weight of the pipe, the water
that will pass through the pipe, and any dynam c forces that nay devel op
due to water flow ng through the pipe. Furnish a mninmm ]| ] mr inch
fl anged vent nozzle equi pped with an ASME B16.5 standard 125 pound fl ange
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and | ocate where indicated. The di scharge pipe nmust be non-gal vani zed
pi pi ng of welded or seam ess pipe or welded steel plate. Use steel pipe
conform ng to AWM C200 with di mensional requirements as given in

ASME B36. 10N. Provide fittings in conpliance with AWM C208. ]

[2.4.7.12 Flap Gate

Design the flap gate for punp discharge service with flange-frame with a
resilient seat of neoprene or BUNA-N to prevent closing shock. Make the
size of the flap gate the same as the discharge pipe size. [Use cast iron
for the body of the valve and the flap in conpliance with ASTM A126. Use
hi gh-tensil e bronze ASTM B584- CA 865 for the hinge arns. Design the

hi nge pins in double shear and of silicon bronze, ASTM B98/B98N- CA 655.]
[Fabricate the flap gate entirely of stainless steel. Use only stainless
steel hardware.] Provide lubrication fittings on the hinge arms. Extend
the grease lines to a convenient |ocation for lubricating. Provide an
anti-locking bar to prevent excessive rotation about the | ower hinge pin
Provide a stainless steel leaf spring with rubber pad to safely linmt the
travel of the flap gate during punping.

12.4.8 | mpel | er

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

NOTE: Cast steel and al um num bronze are normal |y
used when punps are | ess than 2100 mr 84 inch
Fabricated steel inpellers are used with punps
havi ng di scharge dianmeters 2100 mr 84 inch or
greater. Cast stainless steel is used for punps
where the difference between punp NPSHA and NPSHR is
snmall (less than 600 mr 2 feet) or, when severe
corrosion is expected.

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

Make the inpeller of [cast steel, ] [cast stainless steel, ] [al um num
bronze] or [fabricated of welded steel plate].

2.4.8.1 Renoval and Prior To Finishing

After renoval fromnold, and prior to finishing of surface inperfections,
the Contracting officer will inspect castings. Fill and grind mnor
surface inperfections as necessary to preserve correct contour and outline
of inpeller and to restore surface inperfections to the same degree of
finish as surrounding surfaces. Correct surface pits, depressions,

proj ections, or overlaps showing greater than 2 nmm 1/16 inch variation
fromthe general contour for that section. Method and procedure for
acconpl i shing repair nmust be as required in Section [08 31 00 ACCESS DOCRS
AND PANELS] [05 50 14 STRUCTURAL METAL FABRI CATIONS]. Castings that

exhi bit surface inperfections (as defined above) covering an area of nore
than 10 percent of blade surface will be rejected.

2.4.8.2 Bal ance

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

NOTE: The maxi mnum operating speed is used for
driver/punps which operate at different speeds. The
rated operating speed is used with a single speed
driver. The g-nm oz-inch used in this paragraph are
determ ned from| SO 1940-1 for grade 6. 3.

I mpel l ers for punps having a di scharge di aneter

SECTION 35 45 01 Page 38



greater than 600 mr 24 inch nust have the inpeller
wei ghted. The anount of all owabl e unbal ance or the
| evel of balance in the acceptable standards nust be
chosen and included in this guide specification

Thi s includes choosing acceptable standard(s). A
suggested standard is bal ance quality grade G6.3 in
accordance with | SO 1940-1.

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

Bal ance each inpeller by the two-plane bal anci ng techni que. Bal ance each
i mpel l er at [maximum [rated] operating speed. Check the balance at 110
percent of bal ance speed, and make needed corrections. Anount of

al | owabl e unbal ance is in accordance with grade G6.3 of SO 1940-1
Securely fasten wei ghts needed to obtain the required | evel of balance to
the inside cavity of the inpeller hub. 1In no case can portions of the

i rpel l er be renoved or wei ghts be added to the outside of the hub, vanes,
or water passages. Submt bal ancing procedure at |east four weeks prior
to the date of balancing. Wigh each finished inpeller and wei ght stanped
on the bottom of the hub with weight accurate to 0.5 percent of the tota
wei ght of the inmpeller. Wighing and balancing will be w tnessed by the
Contracting Officer. Submit all inpeller weights and the results of

i mpel | er bal anci ng.

2.4.9 Shafting

2.4.9.1 Shaf t

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

NOTE: Stainless steel shafting should be used when
the potential for corrosion is high such as a punp
used in a station where the punp/station sunmp is not
capabl e of being dewatered. The shaft |engths are
l[imted in length by the headroom avail able. Shaft
sections are usually less than 3000 mm 10 feet in
length. Vertical adjustment of the shaft should be
perfornmed above the operating floor. The notor and
gear reducer are nornally specified to be holl ow
shaft type to allow the punmp shaft to pass
concentrically through the reducer and notor

allowing finite inpeller elevation adjustnents.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Each inpeller shaft nust be stainless steel and internedi ate shaft(s) nust
be [cold-rolled carbon steel] [sane naterial as the inpeller shaft].
Desi gn shafting so that [shaft sections do not exceed | ] mr feet in
length and that] any necessary vertical adjustnent of the inpeller can be
made [fromthe operating roomfloor] without interfering with shaft
alignment. Also provide for renoval of the inpeller from bel ow without

di sassenbly of the punp above the inpeller bowl. |[|f the punp is

nmul ti-staged, design to pernmit the |lower bows and inpeller to be easily
renoved for in-place inspections of upper propeller and bow . Design
shafts for two different design cases. The first uses a factor of safety
of 5 based on ultimate tensile strength of the shaft material and rated
watt age horsepower of the [nmptor] [engine]. The second uses 75 percent of
the yield strength of the shaft nmaterial and [the | ocked rotor torque of
the notor] [maxi mumr wattage horsepower of the engine].
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2.4.9.2 Coupl i ngs

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

NOTE: Rigid flange couplings should be specified
only for punps having di scharge dianeters greater
than 1800 nmm 72 inch. The rigid flange coupling may
be specified as an option for all punps |less than
1800 nmr 72 inch. Sleeve type couplings should be
used for punps having discharge diameters from 600 mm
24 inch to 2100 mm 84 inch. Threaded shaft
couplings can be used for punps with discharge

di ameters |l ess than 600 nr 24 inch

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

Coupl e the punmp and [notor] [gear reducer] shafts[ and punp shaft

sections] together using rigid flanged coupling capable of transnmitting
the forces and torques involved. Bolt coupling hal ves together and

mai ntain concentric with each other, by neans of a rabbet fit, to within
500 pmr 0.002 inch. Retain a shaft coupling nut, if used, by fitted bolts,
and conmply with all tolerances specified for the coupling. Finish nmachine
the flange and bore in one setup to insure that the flange of the coupling
is true to the bore. Each flange nmust be perpendicular to the bore, and
parallel to the opposite end and mating flanges to within 500 punr 0.002 inch
Each flange nmust be concentric to the centerline of the shaft to within
0.50 mr 0.002 inch. [Join together punp shaft sections with [sleeve-type
couplings capable of taking rotation in either direction. Threads, except
on fasteners, cannot be enployed in construction of sleeve-type couplings]
[threaded couplings in which the threaded shaft ends are threaded into the
coupling].] Construct couplings, including keys and fasteners, of
stainless steel materials. Al keys and keyseats (keyways) must neet the
requi renents of ASMVE B17.1. The finished shaft assenbly nust be
concentric about the shaft centerline to within 100 umr 0.004 inch. Shop
assenbl e couplings and the punp shaft, and inspect for conpliance with
contract requirenments. After inspection, matchmark parts, including
fitted bolts, to their mating pieces.

2.4.9.3 Jour nal s

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

NOTE: Sel ect the appropriate alternate paragraph
The first alternate is used when plain stee

shafting is used for the internediate shafting. The
second alternate is used when all the shafting is
stainless steel. If self-lubricated bearings are
used ensure to specify those in 35 05 40.17.

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

[ Provide replaceabl e stainless steel one-piece journal sleeves at each
gui de bearing, packing gland and seal |ocations. [For self-lubricated
beari ngs see 35 05 40.17 SELF-LUBRI CATED MATERI ALS, FABRI CATI ON, HANDLI NG,
AND ASSEMBLY]. Finish sleeves at all bearings and packing gland | ocations
to at least 32 rnms and finish sleeves at seal |ocations to 16 rmns.
Securely fasten sleeves to the shaft to prevent nmovenent. Mke keys and
fasteners, if used, fromcorrosion resisting steel; fastening by adhesive
or welding is not acceptable. Al keys and keyseats (keyways) must neet
the requirenents of ASVE B17.1. The surface hardness of the sl eeves at
t he bearing and packi ng gl and | ocations nust be as recomended by the punp
manuf act urer.
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]J[Finish the shaft journal at all guide bearing and packi ng gl and | ocati ons
to at least 32 rns and finish the shaft at seal journal locations to 16
rms.  The option exists to install replaceable stainless steel one-piece
sl eeves at each bearing, packing gland, and seal |ocations with the
finishes stated above. Securely fasten sleeves to the shaft to prevent
noverment. Make keys and fasteners, if used, fromcorrosion resisting
steel; fastening by adhesive or welding is not acceptable. Al keys and
keyseats (keyways) nust neet the requirenents of ASME B17.1. The surface
hardness at the seal |ocations nust be as recomended by the sea
manuf act urer.

12.4.9.4 Crcunferential Line

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

NOTE: The circunferential line with pointer should
be used for punps having 1200 mm 48 inch and greater
di scharge diameters. The followi ng information will
be used for determ ning whether the punp driver is
specified as using a hollow or solid shaft.

Punp drivers with rating less than 745 kW 1000

hor sepower are equi pped with holl ow shafts
permtting vertical shaft adjustment fromthe top of
the driver.

Punps drivers over 745 kW 1000 horsepower are

equi pped wi th hol | ow shafts whenever possible but as
a mnimmthe punmp will have a nmeans of vertica

adj ust ment above the operating floor.

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

Inscribe or etch a circunferential |line on the shaft above the stuffing
box and mount an adjustable pointer opposite this line in order to

i ndi cate a change in vertical position of shaft and to permit realignment
after [notor] [gear reducer] renpval .

2.4.10 Shaft Encl osure

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

NOTE: Shaft encl osure tubes are tensioned for punps
wi th di scharge dianeters |less than 1350 mr 54 inch.
Ri gi d encl osi ng tubes are used on punps havi ng

di scharge dianmeters 1350 mr 54 inch and greater

Ext ernal supports or bracing | ocated in the punp
wat er passage are used for punps with tensioned
encl osi ng tube of 6000 mr 20 ft in length or
greater. Self-supported enclosing tubes 4500 nmr 15
feet length or greater should have externa
supports. The enclosing tube is split when punp
size is 1800 my 72 inch or larger. Select
appropriate bracketed statenents based on the type

of punp lubrication being called for.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Provide a shaft enclosure to cover the internediate shaft and coupling.

It [nmust be placed in tension or Jnust be rigid enough to be

sel f-supporting. [Do not use external supports or bracing located in the
punp water passage for support of the enclosing tube unless necessary to
support intermedi ate bearings or indicated to be necessary or advantageous
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by the dynanmic analysis required in paragraph DYNAM C ANALYSI S. Consi der
the effect of external supports, including rubber inserts, in the dynanic
anal ysis required in paragraphs under TEST, |NSPECTI ONS, AND

VERI FI CATIONS.] Design each enclosure [to be watertight and] for easy
assenbly and di sassenbly in the field.[ Split each encl osure
longitudinally to permt easy renoval wi thout renmoving or disassenbling
the punp shaft.] [ Perforate each enclosure tube sufficiently to allow a
free flow of punp discharge water (i.e., product water) to lubricate the
shaft bearings.] Construct enclosing tubes, constructed with screw type
joints and using tension in the tube to hold alignnment, to prohibit the
tensi on tube from unscrew ng when the packi ng gl and adjustnents are made.
[Provide a shaft enclosure for grease-lubricated punmps with a drain having
a shut-off valve |ocated outside of the punp to pernit draining the

encl osure between operation periods. Locate the drain at the bottom of
the shaft enclosure.] [On oil-lubricated punps, fit the enclosing tube
bel ow t he | owest bearing and above the oil seals with an oil/water drain
line to the outside of the punp. The drain |line nust have a check val ve
out side of the punp to preclude the entrance of sunp water.]

2.4.11 CGui de Bearings and Seal s

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

NOTE: The Clean Water Act requires all in water
bearings to neet the standard EAL criteria (Vesse
CGeneral Permt (VGP), or EPA 800-R-11-002). Confirm
subm tted EAL product data conforns to EM
1110-2-1424. G ease lubrication can be used with
all size pumps. G| lubrication may be used in
punps havi ng di scharge di aneters of 900 mr 36 inch
or snmaller. Select appropriate bracketed statenents
based on the type of punp lubrication being called
for. The first water-lubricated bearing alternative
is for product lubricated bearings. The second

wat er-lubricated alternative if for
external | y-provi ded wat er

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

2.4.11.1 Cui de Beari ngs

Al in water bearing lubrication rmust conform EPA 800-R-11-002 for
environnental acceptability. Subnmit in water bearing lubrication product
data to show bearings neet environnmental, performance, and conparability
requi renents for the application

[ Provide each pump with sl eeve-type bearings designed for [grease] [oil]
[ubrication. Each bearing nmust have a bronze lining in contact with shaft
journal and nust be replaceable type. Arrange the bearing liner for
maxi mum di stribution of [grease] [oil] for lubrication of journa
surface. Bearings nust have a surface finish of 0.80 umr 32 mcroinches
rms or better to match the journal finish. Since punped water may contain
some fine sand and silt in suspension, give special attention to the
design and sel ection of bearing parts, especially seal rings, to preclude
entrance of foreign material between the bearing and journal due to
differential water pressure.

][ Provide elastoneric polyner alloy bearings, sealed in the shaft
encl osure. Support the bearings in threaded bronze sl eeves acting as an
encl osing tube. Ensure the bearings are subnerged in water when the punp
is in operation. Acconplish lubrication by punp di scharge water (product
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water) free-flow ng through perforations in the shaft encl osure tube.

][ Provide each punp with bearings that are grooved and continuous. Machine
the bearings to marine cl earances for strained canal water |ubrication
and of sufficient length and di aneter to keep bearing pressure to the
al | owabl e design. Select bearing thicknesses and mari ne cl earances to
allow for material swell fromwater subnmergence. Shaft bearings may be
| ocated as the design dictates with the follow ng exceptions. Provide no
fewer than three bearings in the punp with a naxi mum beari ng spaci ng of
1.5 m5 feet. Locate bearings at the top of the diffuser section, above
the inmpeller, and near the baseplate. Bearings in the right angle gear
other than the thrust bearing, are not acceptable for use as punp shaft
support. Support the line shaft bearing by the diffuser inner cone
fabricated assenbly. Secure tubing for bearing lubrication water to and
routed on the outside of the casing for each bearing. The tubing nmust be
continuously welded to a diffuser vane or bearing support to cross from
the outside of the casing to the bearing mounting assenbly.

Bearings must be easily renovable for servicing in the field.]

2.4.11.2 [G1][Gease] Lubrication Shaft Seals

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

NOTE: Sel ect appropriate alternate paragraph. The
desi gner nust select the appropriate seal nmateria
which is conpatible with the sel ected oi

| ubricati on.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

[ Pumps designed for oil lubrication nmust have a shaft seal system | ocated
bel ow t he upper punp shaft bearing. The seal system consists of a seal
containing two lip el enents. The el ement facing the bearing nust have a

stainl ess steel garter spring back-up and be constructed of

[tetrafl uoroethyl ene][fluoropol ymer el astoner][Buna N]. The secondary

el ement faces the inpeller and is constructed of tetrafluoroethylene. Use
a bull et-shaped assenbly tool or other special tool over the end of the
shaft or grooves in the shaft to preclude damage to the Iip el enent during
assenbly. Assenbly tools used are considered a special tool and nust be
furni shed to the Government as part of special tools specified in

par agraph SPECI AL TOOLS. Punps having two stages must have seals to
protect the extra bearings required by two stages of construction

][ Punps designed for grease |ubrication nust have a shaft seal consisting of
lip seals. The seal systemconsists of a |lip-type seal |ocated on each
end of the bearing. Each seal must contain a |lip elenment having a
stainl ess steel garter spring back-up and be constructed of
[tetrafl uoroethyl ene][fluoropol ymer el astonmer][Buna N]. Face the lip
el ement out, away fromthe bearing to keep water fromintruding into the
beari ng chanber. The | owest bearing nust have an additional grease seat
with the Ilip facing away fromthe bearing. Use a bullet-shaped assenbly
tool or other special tools over the end of the shaft and shaft grooves to
precl ude damage to the lip element during assenbly. The assenbly too
used is considered a special tool and must be furnished to the Government
as part of special tools specified in paragraph SPECI AL TOCOLS.

1[2.4.11.3 Product Lubricated Punp Bearings

Subrer ged punp bearing nust be [product lubricated][externally supplied
wat er | ubricated] and nmeet the follow ng requirenents:
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a. Fabricated froman elastoneric material or polyner conposite nmateria
and not require petroleumlubricants for operation

b. Operate in [brackish][fresh] water that nmay contain [sand] [silt]
[vegetative trash].

c. Does not require service or replacenent for [50,000] [ ] operating
hours.

12.4.12 Beari ng Heat Sensors

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

NOTE: Bearing heat sensors may be used in punps
havi ng a di scharge diameter |arger than 600 nmr 24
inches. Punps with | arge di scharge di aneters shoul d
be furnished with heat sensors for the inpeller
bearings only, when the estimted annual operation
is less than 100 hours per punp. Punps with greater
operating hours per year nay be equi pped with
beari ng heat sensors for all bearings in the punp.
Schedul e 80 guard pi pes nmust be used when the
unsupported length is 450 nr 18 inches or |ess.
Schedul e 120 shoul d be used for greater unsupported
| engt hs.

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

Fit [the inpeller shaft bearings] [each bearing] w th tenperature-sensing
el ements, inserted in the bearings to within 3 mm 1/8 inch of shaft.
Provi de these tenperature-sensing elenments with tenperature readouts
nounted [on the [engine] [notor] instrunent board] [at a central |ocation
as shown]. Provide a visual and audible alarmsystemto warn of bearing
overheating. Provide tenperature indicator with dual outputs that have
setpoints that are separately adjustable. Support |eads and protect them
fromwater and mechani cal damage. Terninate the |eads outside of the punp
casing in a waterproof connection head and cap until final connections are
made in the field. The connection head nust be rated watertight to 175 kPa
25 psi. Lead protection consists of pipes fastened to the punp with
brackets using bolts and nuts to permt their renoval, and constructed
wi th enough unions to be conpletely disassenbled. Leads passing through
t he punp water passage in the punp nust either be contained in a guide
vane or be protected by [Schedul e 80] [Schedul e 120] pipe. Make
protection pipe renovable if connected to the shaft-encl osi ng tube.
Install bearing heat sensors as [shown in Figure 2 at end of the section]
[indicated]. Run leads and wiring to a junction box |ocated on the
baseplate. Provide a terminal strip in the junction box for connection of
wiring to tenperature readouts.

2.4.13 Thrust Bearing

Provide a thrust bearing in the [speed reduction gear][nptor] to carry
total thrust load[ as specified in [ 11

2.4.14 Packi ng @ and
Provide [grease-] [water-]lubricated packing gland split longitudinally to
facilitate removal or renewal. Arrange it to permit inspection, repair

renoval , or replacenment of packing w thout entering punp from bel ow
operating roomfloor. Provide eye bolts and tapped holes in each half of
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the split gland if hal ves wei gh over 14 kg 30 pounds each
[2.4.15 Si phon Breaker Val ve

Provi de a si phon breaker valve assenbly for each of the vertica

axi al -fl ow punps. Provide [nmechanical, self-actuating]
[electrically-operated] valves. Install each assenbly at the top (summit)
of the discharge pipe and nust vent air fromthe di scharge pi pe when the
punp is started. The assenbly nust also pernit air to enter the discharge
pi pe t hrough the siphon breaker valve to prevent reverse siphoning of

wat er when the punp is stopped. Size the valves based on the punping
conditions (e.g. flow, head, discharge pipe dianeter) of the specific
system |If a nechanically-actuated valve is chosen, size the valve to
allow air to relieve at a maxi num of 90 m per second 300 feet per second.
Provide a neans to operate the valve manually to stop back-si phoning

t hrough the punp in case the nornmal operator of the siphon breaker valve
fails.

12.5 LUBRI CATI ON SYSTEM

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

NOTE: Sel ect appropriate alternate paragraph. GOl
[ ubrication may be used for punps wth di scharge

di ameters up to and including 900 mr 36 inch

Grease lubrication may be used for all size punps.
The centralized pressure lubrication systemw | be
used when grease lubrication is selected. Select
the water-1ubricated bearings bracketed infornmation
if this type of lubrication is being used. The
Clean Water Act requires all in water bearings to
neet the standard EAL criteria (Vessel Genera
Permt (VGP), or EPA 800-R-11-002). Confirm

subm tted EAL product data conforms to EM
1110- 2- 1424.

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

Al in water bearing lubrication rmust conform EPA 800-R-11-002 for
environnental acceptability. Subnit in water bearing lubrication product
data to show bearings neet environmental, performance, and conparability
requi renents for the application

[ Gl lubrication of shaft bearings consists of introducing oil at the top
line shaft bearing and allowing oil to run down the shaft for the
lubrication of the |l ower bearings. G lubrication consists of an oi

reservoir nounted on the punp baseplate or punp driver at such height to
permt gravity flow of oil to the highest [ubrication point of the punp
shaft. Construct the reservoir of transparent material to permt
observation of the quantity of oil in the reservoir. The oil reservoir
nmust have a mnimum capacity of 1 L 1 quart. The reservoir nust have a
sol enoid valve to permt oil flow whenever the punp driver is in
operation. The flowrate fromthe oil reservoir nust be adjustable from
five drips per minute to constant flow The reservoir valve nust permt
manual flow of oil when the punp driver is not operating for

prel ubrication of the shaft bearing. Construct the oil line fromthe oi
reservoir to the punp line shaft of stainless steel tubing and support at
sufficient |locations to preclude vibration of tubing when the punp is
operating. |If the punp has a bearing |ocated below the inpeller, this
beari ng nmust be grease-lubricated. Provide a grease line with a grease
fitting fromthis bearing to a location on top of the baseplate. Provide
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a grease reservoir with this bearing configuration for containing extra
grease. Lubricate shaft packing by grease. Run the grease lines to a

| ocation outside of the driver pedestal and provide with a fitting for

manual | ubrication

][ Support grease lines to each bearing and protect themfrom water and
nmechani cal danage. G ease line protection consists of channels fastened
to the punp with brackets, using bolts and nuts to permt renoval. G ease
i nes passing through the punp water passage must either be contained in a
gui de vane or be protected by Schedule [80] [120] pipe. This protection
pi pe nust be renovable if connected to the shaft-enclosing tube. Prefil
grease |ines before connection to bearings. Term nate grease |ines above
baseplate for connection to the lubricating grease

punp.

][ Provide lubrication for the bearings fromthe water being punped (i.e.
product water) by neans of perforations in the shaft enclosure. Design
the perforations such that the shaft tube is constantly filled with water
during punp operation, thereby continually covering the contact surfaces
of the bearings. |If upper bearings will not receive sufficient punped
water for lubrication, use another means to provide sufficient water to
t hese bearings using either product water or water fromthe intake canal
Provide a neans to indicate visually that the upper bearing(s) and packing
gland are obtaining sufficient |ubrication water

2.5.1 Suppl emental Lubrication Water

If it is determ ned that the punped product water cannot be lifted
sufficiently to lubricate the upper bearing(s), it is the Contractor's
responsibility to design and provide a conplete water |ubrication system
Provi de a separate water |ubrication systemfor each punp. The water
cannot cone fromthe potable/well water system This water |ubrication
system must include a neans for providing sufficient lubrication water to
t he upper bearing(s). The supplenmental |ubrication water system nust

i ncl ude an al arm and shutdown in case of |owflow or no-flow to the upper
bearing(s), along with electrical input to the [engine] [nbtor] control
panel and SCADA/ PLC systens as needed. Provide any necessary filtering,
flow switches, tinme delays, to ensure that the upper bearings are
satisfactorily lubricated. Coordinate any additional electrical power and
controls requirenments with Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM
and other electrical sections. The supplenmental |ubrication water system
nmust be fully nmaintainable. |If the supplenmental |ubrication water system
i s needed, provide shop draw ngs, operations and nai ntenance data, and
as-built drawi ngs as required.

1[2.5.2 Centralized Pressure Lubrication System
[2.5.2.1 CGener al

Provi de each punp with its own individual electric nmotor-driven
centralized pressure lubrication system designed to deliver the proper
predeterm ned or nmetered quantity of |ubricant to each individual bearing
and stuffing box. Positively indicate proper or inproper functioning of
any individual netering device. Munt the pressure punp, individua
netering devices, and any required auxiliary operating accessories on the
baseplate. Furnish the system conplete and ready for operation, including

sufficient lubricant to fill each pressure punp lubricant reservoir
Submit the conplete centralized pressure lubrication systemfor review and
approval. Provide the |ubricant recommended for the sel ected punps,
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subj ect to approval of Contracting Oficer
]1[2.5.2.2 Punpi ng Uni t

Provide an electric notor-driven central punmping unit as a conplete
assenbly, consisting of a positive displacenent type punp, flowdirecting
valve (if required), lubricant reservoir, suitable pressure gage to

i ndi cate punp di scharge pressure, operation counter, pressure protective
device, and other auxiliary accessories as required to give a conplete and
wor kabl e unit conforming to the requirenents specified. The punp nust be
of multiple individual piston, positive displacenent type utilizing
hardened steel pistons, closely fitted to the cylinder bores to elimnate
the need for packing. Spring-actuated check valves is not be required for
its operation. The punp nust deliver not |ess than 100 nL 6 cubic inches
of lubricant per m nute against a pressure of not |less than 13.8 MPa 2000
psi measured at the nost renote bearing connection. The |ubricant
reservoir nust be of a suitable nmetallic construction, with a capacity of
not less than 11 kg 24 pounds of l|ubricant, and provided with a means that
will ensure positive prining of the punp at all tines (such as an

at nospheric or spring-loaded follower plate), an indicator to show
quantity of lubricant in the reservoir, and a screened fill connection to
permit filling the reservoir by a transfer punp w thout exposing the

| ubricant to the atnosphere. Provide the punp unit with a fully automatic
control system capable of suitable or proper scheduling by an adjustable
synchronous notor-driven timng device, and other required auxiliaries
necessary to give a conmplete and workabl e system Provide the controller
with a "Hand- O f - Automatic" selector naster switch to permit selection

bet ween push button manual and automatic time clock operation, and to
deenergi ze the system Supply electric power at 115 volts single phase,
60 cycles. Use the tine clock setting reconmended for the sel ected punps.

1[2.5.2.3 Met ering Val ves

Provide a netering or measuring valve for each bearing and stuffing box.
It nust be fully hydraulic in its operation, requiring no internal springs
or check valves. Size the valve based on requirenents of the sel ected

punps.
1[2.5.2. 4 Pi pi ng

The system pi pi ng must be stainless steel tubing (ASTM A269/ A269N, Type
410 or equal) using flared or conpression-type connectors. Adequately
protect and rigidly support the piping | ocated bel ow the operating room
floor in a manner approved by the Contracting Oficer. Provide each

i ndi vidual grease line with a "Tee" fitting, |ocated i medi ately bel ow t he
respective nmetering valve and accessible fromthe operating room Provide
the piping with a standard 6 mr 1/4 inch grease fitting so that each

i ndividual line may be fully charged w thout using the |ubricating system
punp. The size, strength of pipe, and type and strength of fittings nust
be as recommended and guaranteed by the Contractor for the sel ected punps,
but in no case can the bursting pressure of the pipe or tubing used be

| ess than three tines the maxi mum worki ng pressure. Provide a check val ve
| ocat ed between the discharge outlet of the neasuring valve and the "Tee"
fitting specified above in each bearing lubricating line that is exposed
to water pressure to prevent entrance of water into the respective
nmeasuri ng val ves.

SECTION 35 45 01 Page 47



112.5.3 Lubrication System Accessories

2.

5.3.1 Grease @un

Provi de a hand operated, heavy duty |ever grease gun for charging
lubrication lines and for energency lubrication. Provide grease as
recommended for the Contractor's sel ected punps.

[2.5.3.2 Service Facilities

Provide a service facility consisting of a portable hand operated transfer
punp, a hand-towed dolly, and a 55 kg 120 pound drum of |ubricant, al
assenbl ed and ready for operation. The punp nmust be self-contai ned and
desi gned for nmounting on the grease drumto protect the contents fromthe
entrance of foreign matter. The punp nust deliver not |ess than 0.45 kg
one pound in not nore than eight strokes of the punmp handl e under norna
tenmperature conditions. Provide the necessary hose and qui ck di sconnect
coupling for a conplete system The hand-towed dolly nust have a rigid
platformwith four anti-friction bearing nounted wheels, a tow ng handl e,
and a provision for securing the lubricant barrel. Use the type of

[ ubricant recommended for the Contractor's sel ected punps.

12.6 PAI NTI NG

2.

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

NOTE: The painting paragraph refers to Section

09 97 02 PAINTING HYDRAULI C STRUCTURES. Edit UFGS
Section 09 97 02 to require the use of System No.
21-A-Z Formula 151 for ferrous parts of the punp

| ocat ed above the finish floor. For the interior
and exterior surfaces of the punp | ocated bel ow t he
basepl ate, except for stainless steel or gal vanized,
the required paint system should be System No.
6-A-Z. Contact the CERL Paint Lab for all painting
guesti ons.

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

Perform painting in accordance with Section 09 97 02 PAINTING HYDRAULIC
STRUCTURES.

.7 FACTORY ASSEMBLY

The punp nust be assenbled at the Contractor's sel ected nanufacturer's
plant[ in a vertical position] to assure proper fitting and alignnent of
all parts. Tolerances cannot exceed those specified or shown on the the
manuf acturing drawi ngs. Check rotating elements for binding. The suction
bell, inpeller housing, diffuser, and the di scharge el bow nmust be properly
mat ch nmar ked and have their centerlines clearly marked on the outside of
all flanges to facilitate erection and alignment in the field. Notify the
Contracting Oficer sufficiently in advance to permt a representative of
the Contracting Officer to inspect and witness the punp assenbly.

Mat chmark all parts disassenbl ed for shipnent

8 BASEPLATE AND SUPPCRTS

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

NOTE: If Alternate 2 or 3 of paragraph [CRI Tl CAL
SPEEDS] [DYNAM C ANALYSIS] is part of the contract,
the results of the dynam c analysis are included as

SECTION 35 45 01 Page 48



a | oad.

Seism c design criteria are provided in UFC 3-301-01
SElI SM C DESI GN FOR BUI LDI NGS

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

Desi gn and proportion the [sol epl ate and] baseplate to support the entire
punp assenbly, the [reduction gear] [nmpotor] and the | oads (including the
results of the dynamic analysis) to which it may be subjected during
operation.[ Support and anchor is as indicated.] Furnish lifting lugs or
eye bolts, special slings, strongbacks, or other devices necessary to
handl e the punp during | oadi ng, unloading, erection, installation, and
subsequent di sassenbly and assenbly. [Provide a sole plate [as indicated]
under the baseplate. Install, level and grout the sole plate in
accordance with APl RP 686, Chapter 5 - Munting Plate Grouting.] Provide
[leveling nuts][jacking bolts] for leveling the baseplate assenbly.
Provi de an anchor bolt layout to aid in placenment of anchor bolts.[ Back
off all leveling jacking bolts after grouting so that they do not support
any of the load.] The pedestal supporting the [motor][right-angle
reducti on gear] must contain a 25 nm 1-inch lip to contain water |eakage
fromthe shaft packing. [ Provide a sole plate [as indicated] under the
baseplate.][ Seisnmic requirements nmust be in accordance with UFC 3-301-01
and Sections 13 48 73 SEI SM C CONTROL FOR MECHANI CAL EQUI PMENT and

23 05 48.19 [SEISM C] BRACI NG FOR HVAC.] Provide the calculations used in
t he desi gn of the baseplates and the anchoring bolts to ensure that the
proper forces (e.g. shear, torsion, bending) have been considered. Submt
product data for grout used as punp supports. The basepl ates nust be
structural steel plate of adequate thickness to support the weight of the
punp and right angle hear or motor (as applicable) plus the maxi mum
hydraulic thrust of the punp. Provide plates of the length, width, and

t hi ckness as determined by the Contractor

2.9 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS

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

NOTE: Testing, inspections, and verifications
shoul d take place with the punp(s) installed on the
basepl ate(s). Typically after successful testing is
conpl ete, punps can remain on basepl ates for

shi pnent to the Governnent.

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

2.9.1 Punp Testing

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

NOTE: \When specifying well established punps which
are mass produced and exist in catal ogs, the

desi gner may chose to sinmply require punps be tested
in accordance with H 14.6 "Rotodynam ¢ Punps for
Hydraul i c Performance Acceptance Tests". Table D. 1
in H 14.6 provides recomendati ons for which tests
are appropriate for given conditions. For punps

whi ch are highly custom irregular, or

unconventional the follow ng alternate paragraphs
may be incl uded.

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

Test specified punps in accordance with H ANSI/H 14.6. For all punps
i ncl ude [Performance] [ hydrostatic][ NPSH] [ and nmechanical] testing as

SECTION 35 45 01 Page 49



described in H ANSI/H 14.6.

[2.9.2 [Critical Speeds][Dynam c Anal ysis]

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

NOTE: For the case of custom irregular, or
unconventional punps, sel ect appropriate alternate
par agr aph.

Alternate 1, Critical Speeds is used when the
estimated operating hours for the punping station is
| ess than 50 hours per year

Alternate 2, Dynanic Analysis is used when operating
hours are greater than 50 hours per year and the
punp is driven by an electric motor. The notor
described is a vertical shaft type without a speed
reducer. |f the decision is nmade to use a

hori zontal shaft motor, then Alternate 2 needs to be
revised to include the speed reducer in the analysis
as described in Alternate 3. Select the first and
second bracketed paragraphs for Alternate 2.

Alternate 3, Dynanmic Analysis, is used when
operating hours are greater than 50 hours per year
and the punp is driven by a diesel engine/gear
reduction unit or when an FSI is used. Select the
first bracketed paragraph and the TORSI ONAL ANALYSI S
and LATERAL FREQUENCY ANALYSI S par agr aphs.

The desi gner shoul d specify performance testing of
t he assenbl ed punp in the factory to check that the
requi renents of the specification have been net.

The Performance Test is a required test, whereas the
Cavitation, Hydrostatic, Subnersible Mtor

Integrity, and Vibration tests are optional. The
desi gner should be famliar with ANSI/H 14.6 to
determ ne which tests are needed to bal ance
techni cal adequacy and cost.

The Cavitation test, or NPSHR test, is costly due to
the conplexity. The designer should include
cavitation testing whenever the cavitation
characteristics of the proposed punp have not been
determ ned (by test) by any one of the prospective
suppliers. Testing should be conducted on a
full-scale (prototype ) punmp. It should al so
establish the structural and operating integrity of
the conplete punping unit. The prototype punp woul d
be the first punp built. This test nay not be
necessary if there is sufficient inlet head pressure
and the punp has a stated NPSHR that woul d be
acceptable with a suitable margin (see ANSI/H
9.6.1). The punp could be tested at the m ni mum
desi gn head pressure to verify that the guaranteed
head and power at the specific rate of flow instead
of performng the NPSHR test. H ANSI/H 14.6

provi des gui dance for testing in Appendix D
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The assenbl ed punping unit, consisting of the [motor] [,] [engine] [,]
[ speed reducer] and punp rmust be free fromcritical speeds or harnful
torsional vibrations at all speeds encountered within the operating range.]

Bef ore the punp and notor, furnished under Section(s) [26 29 01.00 10
ELECTRI C MOTORS, 3- PHASE VERTI CAL | NDUCTI ON TYPE] [26 29 02.00 10 ELECTRIC
MOTORS, 3- PHASE VERTI CAL SYNCHRONOQUS TYPE], [41 65 10.00 10

[ DI ESEL] [ NATURAL GAS] FUELED ENA NE PUMP DRI VES] and [35 45 03.00 10 SPEED
REDUCERS FOR STORM WATER PUMPS] are rel eased for manufacture, the

punp/ notor structure nmust be analyzed by the Contractor for harnfu

natural frequencies in the lateral and torsional directions. A natural
frequency that occurs within 25 percent above or bel ow normal operating
speed is unacceptable. Construct a dynanic anal ysis nbdel using a
commerci al |y avail abl e program such as Ansys, Cosnbs/M or equival ent,
which utilize finite el enent nethods. |Incorporate effects of columm

pi pes, cover pipes, shafts, bearings, mass concentrations, and other such
features as necessary to accurately nodel the punp structure. Analyze the
structure in the run (wet) condition and consider the effect of water mass
in the colum and danping effect of water in the sunp (vertical units
only) at highest and | owest sunp water |evels. Incorporate Reed critica
frequency and nass el astic diagraminfornation for the Contractor's
selected notors. |If the Contractor cannot denobnstrate to the satisfaction
of the Contracting O ficer (based on inpact tests of simlar units) that
the Reed critical frequency value is accurate, the Contractor must conduct
a dynam c analysis using finite element methods as described to determ ne
nmotor Reed critical frequency for use with the Contractor sel ected punps.
Submit the conplete detailed dynam ¢ anal ysis report including the
followi ng information:

a. Conputer program used.

b. Schematic diagram of the nodel depicting nodes and el ements.

c. Input data consisting of node coordi nates, elenent types, nateria
properties, elenent characteristics, elenment connectivities, and

speci fied displacenents.

d. Mtor mass elastic and Reed critical information (or dynam c anal ysis,
if required).

e. Analysis results, including significant natural frequenci es.
f. Interpretation of results.

| npact the test notor provided before shipnent to deternm ne actual Reed
critical frequency of notor. Include results of inpact tests included in
notor test data to be submitted. The Contractor nust address any

di screpancy between cal cul ated and actual notor Reed critical frequency
val ues to determ ne whet her design changes are required to prevent harnful
natural frequencies in the punp/motor structure. Incorporate any design
changes which are required to correct these discrepancies.]

[2.9.2.1 Torsi onal Anal ysis

Bef ore the punp, gear drive, and engine are rel eased for nmanufacture, the
Contractor must anal yze the system for harnful torsional natural
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frequenci es using mass elastic information for the sel ected punp(s) and
gear drive(s). A natural frequency that occurs within 25 percent above or
bel ow [ nornmal operating speed][any of the operating speeds required for
punp operating conditions] is considered to be unacceptable.

1[2.9.2.2 Lateral Frequency Analysis

Bef ore each punp, engine, and gear drive provided under Section(s) |

41 65 10.00 10 [DI ESEL] [ NATURAL GAS] FUELED ENG NE PUMP DRIVES] [, ] |

35 45 03.00 10 SPEED REDUCERS FOR STORM WATER PUMPS], respectively, are
rel eased for manufacturing, the punp/gear drive structure must be anal yzed
by the Contractor for harnful natural frequencies in the latera
directions. A natural frequency that occurs within 25 percent above or

bel ow [ nornal operating speed] [any operating speeds required for punp

operating conditions] is considered to be harnful. Construct the dynamc
anal ysis nodel using a conmercially avail abl e program such as Ansys,
Cosnmos/ M or equivalent that utilizes finite el enent nethods. |Incorporate

ef fects of columm pipes, cover pipes, shafts, bearings, nass
concentrations, and other such features in the nodel as necessary to
accurately nodel the punp structure. Analyze the structure in the run
(wet) condition and consider the effect of water nass in the columm and

t he danping effect of water in the sunp at the highest and | owest sunp
water |l evels. The nodel nust incorporate Reed critical frequency and nass
elastic diagraminformation provided by the contractor. |If the Contractor
cannot denonstrate to the satisfaction of the Contracting Oficer (based
on inpact tests of simlar units) that the Reed critical frequency val ue
is accurate, a dynamic analysis using finite el ement methods as descri bed
herei n nust be conducted by the Contractor to determ ne gear drive Reed
critical frequency for use by pump manufacturer. Submit the conplete
dynam ¢ anal ysis report including the follow ng infornmation:

a. Conputer program used.
b. Schematic diagram of the nodel depicting nodes and el ements.

c. Input data consisting of node coordi nates, elenent types, nateria
properties, elenent characteristics, elenment connectivities, and
speci fied displacenents.

d. Gear mass elastic and Reed critical information(or dynam c anal ysis,
if required).

e. Analysis results including all significant natural frequencies.
f. Interpretation of results.

| mpact-test the gear drive before shipment to determne the actual Reed
critical frequency of the drive. Submit results of inpact tests. The
Contractor must address any di screpancy between cal cul ated and actual gear
drive Reed critical frequency values as to whether or not design changes
are required to prevent harnful natural frequencies in the punp/gear drive
structure. |If any design changes are required, incorporate at no cost to
t he Government.

1112.9.3 Lubricating System Tests

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

NOTE: Delete these paragraphs if water-1ubricated
punps are called for.
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Test the conplete lubricating systemfor each punping unit, as deened
necessary by the Contracting Oficer, to determ ne that the system neets
the operational requirements specified. Test at |east one valve of each
size furnished with the lubrication line renoved fromits bearing and
fitted with a pressure relief valve and pressure gage. Adjust the
pressure relief valve to discharge it at the operating pressure specified
and operate the systemthrough one or nore cycles as required to obtain an
accurate neasurenment of the quantity of lubricant delivered. This nust be
within plus or minus 20 percent of the theoretical delivery of the
respective valve. Replace, reinstall, and retest any conmponent parts that
are damaged as the result of these tests or that fail to neet the

requi renents of the specification

12.9.4 Factory Test

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

NOTE: Test each different size punp for perfornmance.

Al ternate specifications for the "Factory Test" have
been provided in this specification. Alternate 1
gi ves the manufacturer the option of testing either
the prototype punp (first punp produced) or a
honol ogous nodel of the punp. This alternative
shoul d be used for all punps having a dianmeter up to
and including 1200 mr 48 inch. Alternate 2, which
requi res a honol ogous nodel of the punp be tested
for performance and NPSHR characteristics, should be
used for punps having a dianeter greater than 1200 mm
48 inch. Alternate 2 can also be used for punps
smal l er than 1200 mr 48 inch in dianmeter if the
expected annual operating tinme is greater than 500
hours per year or for the special case when there is
no published NPSHR curve avail abl e.

The desi gner shoul d specify performance testing of
t he assenbled punp in the factory to check that the
requi renents of the specification have been net.

The Performance Test is a required test, whereas the
Cavitation, Hydrostatic, Subnersible Mtor

Integrity, and Vibration tests are optional. The
desi gner should be famliar with ANSI/H 14.6 to
determ ne which tests are needed to bal ance
techni cal adequacy and cost.

The Cavitation test, or NPSHR test, is costly due to
the conplexity. The designer should include
cavitation testing whenever the cavitation
characteristics of the proposed punp have not been
determ ned (by test) by any one of the prospective
suppliers. Testing should be conducted on a
full-scale (prototype ) punmp. It should al so
establish the structural and operating integrity of
the conplete punping unit. The prototype punp would
be the first punp built. This test nay not be
necessary if there is sufficient inlet head pressure
and the punp has a stated NPSHR that woul d be
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acceptable with a suitable margin (see ANSI/H
9.6.1). The punp could be tested at the m ni mum
design head pressure to verify that the guaranteed
head and power at the specific rate of flow instead
of performng the NPSHR test. H ANSI/H 14.6

provi des gui dance for testing in Appendix D

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

2.9.4.1 CGener a

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Select the appropriate alternate paragraph

In the second alternate, the inclusion of the

di scharge water passage is based on the conplexity
of the passage and should be decided in earlier
desi gn documnents.

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

Al l ow governnment access for witness testing upon request. [Provide neans
for renpte witness test upon Governnent request. ]

[ Performance of [the] [each size] punmp to be furnished will be accepted on
the basis of the factory test. Conduct this test using either a scale
nodel of [punmp or first punp produced for this contract.] [each size of
punp or one of each size of punp produced for this contract.] [Perform
cavitation testing in accordance with H ANSI/H 14.6][ NPSH testing i s not
required].

][ Determine the performance and cavitation linits of the proposed punp [and
t he shape of the discharge water passage] by a series of tests nade on a
scal e nodel of the punp[ and discharge water passage]. Conplete the nopdel
test within [180] [240] days after the date of notice to proceed.

1[2.9.4.2 Test Setup

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

NOTE: Select the appropriate alternate paragraph
First paragraph, Alternate 1; second paragraph
Alternate 2.

If an FSI is used that does not use the
di mensi ons/ratios as furnished by the Governnent, a
conpl ete punmp shoul d be tested.

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

[Alternate 1) [A nodel punp, if used, nmust be honol ogous to the proposed
prototype punp, installed with the shaft in the vertical position, and
have an inmpeller inlet dianeter of not less than 275 mr 11 inches.

Conpl ete the nodel test within [150] [180] days after date of notice of
award. Include a nodel of the[[ sunp] [ including sunmp closure gate] [
and di scharge water passage]] [[ Contractor's standard sunmp] [ and

di scharge water passage]].[ Install a nmodel of the formed suction intake
(FSI) specified on the nbdel punp that is tested.]

[ Prototype Punp(s) - Set prototype (first punp built) punmp(s), if
selected, with the shaft in the vertical position. A factory test el bow
may be used in lieu of the prototype el bow for testing purposes, providing
test results are adjusted to reflect the difference in |osses. Conplete

SECTION 35 45 01 Page 54



tests prior to assenbling any punp except the [one] [ones] to be tested.
(I'nstall the FSI specified on the prototype punp that is tested.)]]]

[Alternate 2) [The nodel punp rmust be honol ogous to the proposed prototype
punp, and nounted with the shaft in the vertical position.[ Equip the
sunp where the punp suction occurs with windows strategically | ocated for
vi ewi ng those areas where separation is likely to occur. Wndows may be
rings of transparent material approximately 100 to 125 mr 4 to 5 inches
wi de securely anchored between flanges.] The inpeller inlet diameter and
the datumfor this test specification must be as indicated on Figure 3 at
the end of this section. The inlet dianmeter nust be not |ess than 275 mr
11 inches.[ If a formed suction intake (FSI) is specified for the punp,

i nclude the conplete FSI, including the [gate][bul khead] slot, in the
nodel test.] The FSI used in the nodel test nust be geonetrically the
same as that used for the proposed punp.]]
EE IR R I Sk S S I S S S R R Rk I I S kS R R Rk I S Rk I S I R Sk I O
NOTE: Del ete paragraph below if Alternate 2,
above, is selected.

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

1[2.9.4.3 I nstrunment ati on and Procedures

In the test report describe each instrunment to be used in the tests in
detail, giving all data applicable, such as manufacturer's nane, type,
nodel nunber, certified accuracy, coefficient, ratios, specific gravity of
manonmeter fluid to be used, and small est scale division. Provide
calibration data on each of the instrunents used. Wen necessary for
clarity, include a sketch of the instrument or instrument arrangenent.
Include fully detailed narrative description of each proposed nethod of

i nstrunentation, procedures to be used, and a sanple set of conputations.
State the | owest equival ent static head that is obtainable with the
testi ng when operating al ong the head-capacity curve of the proposed
punp. Performtest procedures, except as specified, in accordance with
applicable provisions of H ANSI/H 14.6.

2.9.4.3.1 Head Measurenents

Make head neasurements using either a direct reading water colum,
mercury-air, nmercury-water, a Meriamfluid manoneter, or a pressure
transducer. Measure vacuums with either a nercury-air manoneter, a
nercury-water manoneter, or a pressure transducer. Danpen fluctuations
sufficiently to permit columm gages or a differential pressure transducer
to be read to either closest 2 mr 0.01 foot of water or Meriamfluid or 2
mr 0.1 inch of nercury. Use manonmeters as indicated by | SA RP2.1. \Wen
pressure transducers are used, check their accuracy with a manoneter

2.9.4.3.2 Capacity

Deternine capacity by a calibrated venturi flowneter or |ong-radi us ASVE
flow nozzle. Do not use orifice plates. Connect the venturi or nozzle
taps to the colum gages equi pped with danmpeni ng devices that permts
differential head to be determined to either the closest 2 nmr 0.01 foot of
water or Meriamfluid or 2 mr 0.1 inch of nercury. WMagnetic flowreters
and flowreters utilizing ultrasonic flow neasurenments will be acceptable
if calibration of flowreter has been conpleted within the |last 6 nonths.
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2.9.4.3.3 Rot ati onal Speed of Punp

Measure the rotational speed of the punp in accordance with "Method of
Rotary Speed Moverent" in H ANSI/H 14.6, except that revol ution counters
cannot be used. Non-contacting hand-held electronic tachometers are
acceptable. The device used nust pernit the speed to be deternined to 1
rpm

2.9.4.3.4 Power | nput

Measure power input to the punmp in accordance with "Power Measurenents" in
H  ANSI/H 14.6. Use a nethod to pernit punp brake wattage horsepower to
be determned to the closest 0.5 kW 0.5 horsepower.

2.9.4.3.5 Cavitation Tests

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

NOTE: Alternate 2.

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

Use instrunents suited for cavitation testing. However, do not use
instruments that yield results | ess accurate than those obtained with the
performance test. {may not be applicable in sone situations, for instance
very high head.}

2.9.4.3.6 Mechani cal Tests

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

NOTE: This nechanical test is highly involved and
shoul d only be used in specific circunstances of
new y desi gned or custom punps.

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

Take vibration nmeasurenents of the assenbl ed punpi ng units per
H ANSI/H 14.6.

1[2.9.4.4 Punp Test

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

NOTE: Tol erance Bands

The designer may use AISI/H 14.6 to specify
different testing tol erance bands based on size and
application of specified punps.

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

Denonstrate that the proposed punp conmplies with the specified
performance. The punp nust be capabl e of operation without instability
over the entire range of heads specified in paragraph CAPACI Tl ES.

Tol erances nust be in accordance with H requirenents. Instability is
defined, for this specification, as when one or nore of the follow ng
condi tions occur:

a. the punp has two or nore flow rates at the sane total head,

b. The head-capacity curve has a dip (region on curve where change in
flow rate produces an abnornally | ow head);

c. \Wen any point in the usable range of head-capacity curve cannot be
repeated within 3 percent.
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Rerun the test if this occurs. Conpliance with specifications will be
determ ned from curves required by paragraph TEST RESULTS. Test
procedures, except as specified, nmust be in accordance wth applicable
provisions of H ANSI/H 14.6. The acceptance grade is 1U as described in
H  ANSI/H 14.6. [Punps are acceptable is they achi eve the guarantee
poi nt requirenents stated in paragraph CAPACITIES.] Use water at

approxi nately the sane tenperature for all tests run and record the
tenmperature during test runs.

1[2.9.4.5 Mot or, Cables, and Controller Test

Test the punp notor per NETA ATS. For induction notors use NETA ATS
7.15.1. For Synchronous notors use NETA ATS 7.15. 2.

1[2.9.4.6 Test Procedure

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

NOTE: The suction water elevation is that |evel
i ndi cated in paragraph CAPACI Tl ES.

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

2.9.4.6.1 Per f ormance of The Punp

Deternine the performance of the punp by a series of test points
sufficient in nunber to devel op a constant-speed curve over the range of
total heads corresponding to the [static] [pool-to-pool] [bow] heads in
par agraph CAPACI TIES. The performance/test range must include additiona
testing at total heads 600 nmr 2 feet higher than the total head determn ned
i n paragraph CAPACITIES. The |lowest total head for testing nust be, as a
m nimum the total head determ ned from paragraph CAPACITIES. |If the test
setup pernits testing at | ower total heads, extend the range of total heads
600 mr 2 feet lower. Testing nust be inclusive for [each] [the] speed(s)
i nvolved with the sunp at elevation[s] [ ] [and [ ] NGVD feet].
Conduct tests using prototype [total] [pool-to-pool] heads. Head
differentials between adjacent test points cannot exceed 900 mr 3 feet,
but in no case nay fewer than 10 points be plotted in the punping range.
If the plot of the data indicates a possibility of instability or dip in
t he head-versus-capacity curve, a sufficient nunber of additional points
on either side of instability nust be nade to clearly define the
head- capacity characteristics. Wen a scale nodel of the punp is tested,
consider the efficiency of the prototype punp to be the efficiency of the
nodel . No other conputation or adjustrment of nodel efficiency to
prototype conditions will be permtted.

2.9.4.6.2 Sunp El evati ons

Conduct tests at two different sunp el evations (approximately a 1500 mr 5
foot differential) to deternmine the effect of test sunp geonetry on the
performance of the punp. Should the test results indicate that the
performance is not the same in all respects for both sunp conditions, take
what ever corrective action is necessary to produce congruent results.]

One of the two sunp el evations used may be at the specified elevation.] [
Use the sunp el evations specified in paragraph CAPACI TIES.] The test
results with this sunp el evation nust nmeet all specified conditions of
capacity, head, and brake kW horsepower. {Subnit} curves indicating test
results.
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2.9.4.6.3 Tests Results

Plot results of tests to show total head, [[static] [pool-to-pool] [bow ]
heads], brake kW horsepower and efficiency as ordinates; all plotted

agai nst punp di scharge as the abscissa. Plot curves show ng prototype
performance to a scale that will permt reading head directly to [60]
[150] mv [0.2] [0.5] foot, capacity to [190] [380] [760] [1900] L/mn [50]
[ 100] [200] [500] gpm [0O.14] [0.28] [1.4] nls [5] [10] [50] cfs,
efficiency to 1 percent, and power input to [3.7] [7.5] [18.6] [37.2] kw
[5] [10] [25] [50] horsepower.

2.9.4.6.4 Denpnstrati on

Denonstrate to the Contracting Officer that the blade tenplates fit the
tested punp. Performthe denonstration i nmediately after testing is
conpleted. Retain all tenplates for the tested punp, and provide themto
t he Governnent upon request of the Contracting Officer, to pernmit the
CGovernment to verify geonetric simlarity with the Contractor's punp. In
addition to providing tenplates, submt dinmensioned draw ngs of the

i mpel l er that contain all dinensions needed to manufacture it. Stanp the
tested inpeller with identification marks. Provide necessary facilities
and instruments needed to permt the Governnent to verify that punp[s]
[is] [are] in complete geonetric simlarity with the tested punp.

1[2.9.4.7 Cavitation Tests

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

NOTE: Alternate 2.
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2.9.4.7. 1 Model Test

The nodel test nust include the determ nation of net positive suction head
required (NPSHR) at five or nore points on [the constant speed curve][each
constant speed curve when nore than one speed is involved]. Determne
NPSHR, as a minimum for five or nore capacities corresponding to
prototype capacities over the total range of specified operating
conditions. |If the punp has a capacity greater than that specified for
the | owest and/or highest operating condition, then use these
over-capacity conditions. Equally space the other test capacity points
bet ween t he hi ghest and | owest capacities.

2.9.4.7.2 NPSHR

Det ernmi ne NPSHR on a constant-capacity, constant-speed basis, using
arrangenent Figure F.3 or F.4 as described under paragraph NET POCSI Tl VE
SUCTI ON HEAD REQUI RED TEST in H ANSI/H 14.6. Vary suction conditions to
produce cavitation. NPSHR nmust be the nmaxi mum val ue at whi ch any one or
all of the plotted curves, head, kW horsepower, and efficiency depart from
t he constant val ues (point of tangency). GCbtain a sufficient nunber of
points to accurately | ocate the departure point.

2.9.4.7.3 Val ue of NPSHR

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

NOTE: The ampunt head nargin used to determ ne
adequacy of NPSHR is determ ned during the design of
t he punping station as indicated in Engi neering
Manual EM 1110- 2- 3105.
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The val ue of NPSHR nust be [300] [600] [900] mr [1] [2] [3] feet less than
t he correspondi ng avail abl e net positive suction head avail abl e (NPSHA) .
Det ermi ne NPSHA using the tenperature of the water in the nodel at the
time the tests are run and the datum shown on Figure 3 at the end of this
section. Use the water el evations specified in paragraph CAPACITIES to
determ ne the NPSHA for the punps.

2.9.4.7.4 Plotting Test Results

Plot the test results to the scales determ ned by the Contracting O ficer
at the tine of the test. Draw curves showing [static] [pool-to-pool]
[total] head, brake kW horsepower, and [pool-to-pool] efficiency as

ordi nates and NPSH as the abscissa. |In addition, draw curves show ng
NPSHR ver sus capacity with NPSH as the ordi nate and capacity as the

absci ssa. Show NPSHA points on the curves.

2.9.4.7.5 Curves

Shoul d it be considered necessary by the Contractor to take into account
nmeasur enent inaccuraci es when drawi ng the curve needed to determ ne NPSHR
i n accordance with paragraph NPSHR, use the followi ng nethod. No ot her
net hod is acceptable. Determ ne the inaccuracy for each paraneter, and
submt the calculations to the Contracting O ficer for approval. Using
the cal cul ated i naccuracy as the radius and the test point as the center,
draw a circle for each test point. Draw two curves, one a nmaxi mum and t he
other a mininum and pass through or touch each circle. The nmaxi mum curve
nmust touch the top and the mninum curve nust touch the bottom of as many
circles as is practicable while maintaining smoth curves. Should the
plot indicate that a test point is obviously erroneous, it may be ignored
by mutual consent or the test may be rerun. Halfway between the naxi mum
and m ni mum curves, draw another curve (the mean). The point at which the
mean curve departs fromthe constant val ues (point of tangency) is
considered to be the NPSHR of the punp for the capacity at which the test
was run

1[2.9.5 I nt ake Tests

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

NOTE: Delete this paragraph if a nodel test of the
i ntake to the punping systen(s) is not required.

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

Provi de conpl ete perfornmance nodel testing of the punp intake systens.

Use the nodel testing to confirmthe configuration of the intake systens,

i ncludi ng the proposed intake conduit, hydraulic |osses to the punp, the
position of the punp in the intake bay, and to confirmthe sel ection of
the punp. The Contracting Oficer will witness the final tests confirmng
the geometry for the intake conduit. Notify the Contracting Oficer with
not less than 14 days witten notice of the time and | ocation for the
final tests.

2.9.5.1 Qualifications
Performthe modeling work in a hydraulic |aboratory |ocated within the

United States where this type of work has been performed for a period of
at least ten years. The individual in responsible charge of the nodeling
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work nmust be a registered professional engineer in the U S state where
the nodel testing will be perforned with at |east ten years' experience in
punp and intake nmodeling work for similar projects. The engi neer mnust

seal and sign all reports and data documents generated as a part of the
test work prior to subnmitting them

.9.5.2 I nt ake Model Setup and Cbjectives

The nodel intake setup nmust be of the intake system custom designed for
this installation and suitable for operation at atnospheric pressure for
observation of the intake basin performance. The intake nodel nust be
suitable for use with a nodel punp. Use clean and clear water for the
test to allow proper observation. The tenperature of the water during any
test cannot exceed 30 degrees C 85 degrees F.[ For the FSI, provide a
setup to deternmine flow patterns in the suction basin approaching the

i ntake, along with |losses to the punp. Provide further tests to identify
flow patterns in the intake itself and approach patterns at the entrance

to the punp.] In the intake nodel, include all itens in the intake path,
including, but not limted to: nodels of the trash rack, stoplog slots,
access |l adders, and the stilling wells in the intake bays.

.9.5.3 | nt ake Model Tests

The objective of the nodeling work is to define the perfornmance of the
proposed punping unit and to confirmthe geonetry to be used for the punp
i ntake. The nodel nust have a nobdel -to-prototype Froude nunber ratio of
1, based upon the punp inpeller dianmeter. Arrange the nodel in the sane
relative orientation as the prototype structure and include the bay
configuration and screening system Performall testing with the same
nodel . [

I ntake Tests: For the forned suction intake geonetry shown on the

drawi ngs, use the nmodel setup to determine flow characteristics in the
suction basin intake bay and at the entrance to the FSI at all specified
operating conditions. |In addition, use the nodel to determ ne the effect
of the intake systemon punp operating characteristics. Use a siphon
generated by a separate punp to exam ne flow characteristics in the intake
bay using Froude relationships to nodel intake operation in the first set
of tests. Use second test to develop information on the effect of the

i ntake on punp operation. Use these values to forecast the performance of
t he punp-intake conduit conbi nation.]

[Alternate Intake Geonetry: |If an intake geonetry differing fromthat

i ndi cated is proposed, or other nodifications such as baffling, test the
proposed intake and/or nodifications to denponstrate its suitability for
use in the project and conpliance with Appendix | in EM 1110-2-3105. For
t hat reason, design the |aboratory setup specifically to nmonitor free and
sub-surface vortices, swirl and pre-rotation approaching the punp

i mpel ler, flow separation at hydraulic surfaces in the intake conduit and
at the hydraulic surfaces approaching the punp inpeller, and axial
velocity distribution at the entrance to the inpeller.]

a. The intake conduit and punp inlet nust contain several clear w ndows
and simlar appurtenances and adequate lighting at all critical areas
to allow visual determ nation of the presence of vortices, turbul ence,
and other defects. Make provisions to insert dye at intervals in the
i ntake conduit and at the entrance to the inpeller during operation of
the test. Reynolds and Weber nunbers for all nodel runs nust be
greater than 30,000 and 120, respectively. The Contractor nust
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devel op scale factors for velocity, flow, and tine for use in

eval uation of nodel results. Scale factors are subject to review by
the Contracting Officer. |In addition to nodel runs at all specified
operating conditions, conduct no fewer than five runs at 1.5 times
Froude-scal ed flows after final geonetrics for the intake conduit and
i ntake bays have been established, keeping the subnergences at the
geonetrically scal ed values. Track and docunent circul ation
contributing to devel opnment of vortices.

b. Determine vortex formation in the nodel every 15 seconds extendi ng
over a period of 10 minutes. Cassify vortices in accordance with the
strength classification systemin H ANSI/H 9.8 for both surface and
subsurface vortices, using dye wand injection to assist in
classification. The Contractor nust provide both photographic and
vi deo docunentation of vortex formation. Direct particular attention
to subsurface vortex formation at the intake conduit entrance and on
i ntake conduit surfaces leading to the inpeller entrance.

c. Provide a swirl neter or other satisfactory device to determine liquid
rotation (swirl) at the entrance to the inpeller. OCbtain swrl
readi ngs at intervals of 20 seconds for a period of not |less than 10
m nutes after the nodel has achi eved steady-state operation at any
specified operating condition. Swirl angle is defined by the
rel ati onshi p:

swirl angle = (1/(tan))(pi*d*n)+ u

Wher e:

u = average axial velocity at the swirl neter

d = dianeter of the conduit at the swirl neter.
n = revol uti ons/second at the swirl neter.

d. Headl oss Measurenents: Measure headl oss fromthe upstream nodel
boundary to just upstream of the punp inlet for each docunentation
test and include a m nimum of the follow ng conditions:

Punp No. Avg On/OFf El. (m I ndi vi dual Pump Q Total Pump Q
(feet) (cubic m per second)|(cubic m per
(fps) second) (fps)

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

NOTE: Provide an expected order of punp operations
and expected intake el evations at start-up for each

punp.

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

e. Also record the head | oss fromjust upstreamof the FSI to the throat
of one nodel punp for a mininmumof 10 flow rates after the nodel Euler
nunber is determi ned to be constant and at |east one point (near the
nm ddl e of the data) nust be within 2 percent of the scaled rated flow
of the punp. Measure head loss with a differential manoneter or
differential stilling basin. |Install a mninmmof four pressure taps
around the punp throat neasurenent point and joined to forman average
pressure reading. Calculate a dinensionless head | oss coefficient for
the formed inlet that includes the entrance loss into the forned inlet.

f. Deternine the velocity profile in the channel cross section
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2.

approaching the intake and perforning the velocity traverses on
per pendi cul ar axes at the intake throat, just upstreamfromthe
impel ler. Velocity nmeasurenment instruments nust be capabl e of an
accuracy of plus or minus 2 percent.

g. Use the following as criteria for acceptance of the proposed design

(1) Free surface and sub-surface vortices entering the punp intake
nmust be | ess severe than Type 1, as defined in H ANSI/H 9.8,
unl ess dye core vortices appear for |less than 10 percent of the
time or only for punp operating conditions that are expected to be
i nfrequent, such as the |isted naxi mum or m ni num operati ng
condi ti ons.

(2) Swirl angles, both nmaxi mum and average, indicated by swirl mneter
readi ngs, nust be less than 5 degrees. Swirl angles as great as 7
degrees will be accepted if occurring | ess than 10 percent of the
time or for operating conditions that are expected to be
i nfrequent, such as the |isted naxi mum or mi ni num operati ng
condi ti ons.

(3) Velocities at points of equal radii at the throat of the intake
conduit rmust be within 10 percent of each other

(4) Determine NPSHR on the basis of a one percent reduction of
ef ficiency.

(5) Time-varying velocity fluctuation (turbul ence) levels as defined
by a standard devi ati on over average velocity at a point within
the punp throat nust be | ess than 10 percent.

h. Unl ess otherw se specified, conformaccuracy of all neasurenents to
the levels established in H ANSI/H 14.6.

9.5.4 Recomrendati ons fromthe Mdel Test

If the results of the intake nbdel testing indicate that any features of
the design are deficient, report this to the Contracting Oficer in
witing i mediately. |If the intake nodel er has reconmendation for
improving the flows in the punps, provide themin the Intake Mdel Test
Report. Flag these as inmportant information that requires the Contracting
Oficer's imediate attention. Note all recomendati ons consi dered ngj or
changes. provide any m nor recomended changes to the intake as
variations in the shop draw ngs.

]2.10 PUVP DRAI NAGE

2.

Provide drain holes for all parts of the punp to elininate trapped water.
These drain provisions nust be self-draining without any requirenent to
enter the sunp.

11 W TNESS TEST

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

NOTE: The tinme to review test data should be 2
weeks. Longer tinmes nay be used when the District
has staffing difficulties or special arrangenents
are required to have data reviewed by others. The
shortest period is preferred since this may permt

SECTION 35 45 01 Page 62



2.

the punp tested to remain in place during the review
period. |f the punp/test instrunents are not noved,
then the possibility of changes to the test results

for the witness test are less likely to occur. The

cost of the tests would be |ess al so.

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

When the Contractor is satisfied that the tested punp perforns in
accordance with the requirenents of the specifications and the guaranteed
val ues, notify the Contracting Oficer that the witness tests are ready to
be run and provi de copies of the curves required in paragraph PUVWP TESTI NG
[ and paragraphs under CAVI TATI ON TESTS] along with a set of sanple

calcul ations with constants and conversion factors. Also, provide
instrument calibration data in this report. [Two] [Three] [Four] weeks
will be required to review this data before the Contracting Oficer wll
be available to visit the Contractor's |aboratory for w tnessing the

test. Should the results of the witness test reveal that the tested punp
does not performin accordance with the requirenments of the specification
and the guaranteed val ues, make such changes as are required to nmake it
acceptabl e before again notifying the Contracting O ficer that the w tness
tests are ready to be run. | mediately upon conpletion of each w tness
test, subnmit copies of all data taken during the test to the Contracting
Oficer witnessing the test. Furnish computations of test results and
plotted prelinnary curves to the w tness.

12 CERTI FI ED TEST REPORT

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

NOTE: The certified test report is appropriate when
testing required under the contract was of the
general requirenents outlined in H 14.6 and punps
are of a comon conventional type

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

Submit Contractor's punp manufacturer certified conpleted test report
stating the specified punps neet H ANSI/H 14.6 after testing is conplete.

[2.13 TEST REPORT

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

NOTE: This section is not necessary if Contractor's
punp fabricator is required to provide a certified
test report.

Require this nore detailed report when nore custom
and specific testing was outlined in the
speci fications.

If used, delete item"o0" if water passage is not
included in the contract.

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

Submit, in accordance with H ANSI/H 14.6, and within 30 days of receipt
of approval of the witness test, to Governnent [3] [4] [7] [hard bound]
[digital] copies of a report covering conpletely the test setup and
performance[ and cavitation] tests. Include, as a mnimm the foll ow ng
in each test report:
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a. Provide a statenent of the purpose of the test, the nane of the
project, contract nunber, and design conditions. Also provide where
guar anteed val ues differ from specified val ues.

b. A resune of prelimnary studies, if such studies were made.

c. A description of the test punp and notor, including serial nunbers, if
avai l able. Information required under "b" may be included here.

d. A description of the test procedure used, including dates, test
personnel, any retest events, and w tness test data.

e. Alist of all test instrunments with nodel nunbers and serial nunbers.

f. Sanple computations (conplete).

g. A discussion of test results.

h.  Concl usi ons.

i. Photographic evidence in the formof either multiple color photographs
of test equipment, test setup, and representative test segnents, and a
digital recording on optical disc, at least 30 minutes in |ength,
covering the sane informati on as photographs. Label all photographic
evidence with the Contract nunber, |ocation, date/time, and test
activity. Voice annotate the digital recording with the sane
i nformati on.

j. Copies of instrunment calibration

k. Copies of all recorded test data.

. Curves required by paragraph TESTS RESULTS.

m  Curves show ng the performance of the test punp.

n. Drawi ngs of the test setup showing all pertinent dinmensions and
el evations and a detail ed di nensi oned cross section of the punp.

0. Drawings including cross sections of water passages that nust be
i ncorporated in the construction contract.

p. The nane and credentials of the Contractor's Erecting Engi neer(s) who
was(were) responsible for the punp testing.

] PART 3 EXECUTI ON

3.1 | NSTALLATI ON

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

NOTE: Designers should be cone fanmiliar with APl RP

686 so details can be specified appropriatly.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Install the [soleplate and] baseplate in accordance with APl RP 686.
Provide [l eveling nuts][jacking bolts] for leveling the baseplate
assenbly. Provide an anchor bolt layout to aid in placenent of anchor
bolts.[ Back off all leveling jacking bolts after grouting so that they
do not support any of the load.] The pedestal supporting the
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3.

3.

3.

[motor][right-angle reduction gear] nust contain a 25 mr 1-inch lip to
contain water | eakage fromthe shaft packing. Provide a threaded drain to
t he sunp.

1

a.

1

1

2

Equi pnent

Install the equi pnment specified under this section and related drive
machi nery specified under other sections of this specification in
accordance with the approved Installation and Erection Instructions
Manual ; no later than time of punp delivery, submit a typed or
printed, and bound, [digital] manual describing procedures to be
followed by the erecting engineer in erecting, assenbling, installing,
and dry-and wet-testing the punp. To the extent necessary or
desirabl e, coordi nate and consolidate description of the punp with
simlar descriptions specified for the [gear reducer and diese

engi ne] [notor] [gear reducer].

(1) The description nust be a conplete, orderly, step-by-step
expl anati on of operations required, and al so include such things
as alignnment procedures, bolt torque val ues, permssible
bl ade/ bowl cl earances; pernissible bow out-of-roundness;
perm ssi bl e shaft nmisalignnent; reconmended instrunment setups;
recommended gages and instrunents; bearing cl earances; and sinlar
details.

(2) Conplenent and suppl enent the description with draw ngs,
sketches, photos, and simlar materials to whatever extent
necessary or desirable, resulting in a description that may be
conprehended by an engi neer or mechani c without extensive
experience in erecting or installing punps of this type.

The Contractor's erection engineer(s), famliar with the equipnment to
be installed, nmust supervise the handling, installation, start-up and
testing of the equi pment as required by paragraph QUALI TY ASSURANCE

Submit [digital] copies of Operation and Mintenance Instructions
Manual containing conplete informati on on operation, |ubrication

adj ustment, routine and special maintenance, disassenbly, repair
reassenbly, and trouble diagnostics for the punp and auxiliary units.
[Print the operation and mai nt enance manual and both parts lists on
good quality ANSI size A 216 by 280 mr 8-1/2 by 11-inch paper, bound
separately between flexible, durable covers.] [Provide the operation
and nmai ntenance nmanual and both parts |lists on optical disc, formatted
to print on ANSI size A 216 by 280 nm 8-1/2 by 11-inch paper.]

Drawi ngs incorporated in manual or parts lists, may be reduced to page
size provided they are clear and legible[, or may be folded into the
manual to page size]. Photographs or catal og cuts of components nay
be included for identification. [Subnit operation and nai ntenance
data in accordance with Section 01 78 23 OPERATI ON AND MAI NTENANCE
DATA. ]

Pi pes and Joints

Install pipes and joints in accordance with AWM ML1.

2

FI ELD TESTS

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

NOTE: Sel ect appropriate bracketed statenent.
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3.

Different projects will have different site
conditions to performthese field tests. It's likely
that many projects will be accepted outside of flood
conditions with very little water available for a
long termtest run. Edit these testing requirenents
carefully and account for the anticipated field
condi ti ons.

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

After the punping unit is installed and prior to start-up, conpletely

cl ean the sunp area of any accumul ated construction debris. Once fina

cl eaning of the sunp area is conpleted, the area will be area revi ened by
a representative of the Governnent. Correct any danage to the punping
units or related equiprment during initial start-up due to foreign objects
left in the sunp areas.

Prior to proceeding with construction of the [test setup but not |ater
than [60] [90] days after date of notice to proceed, subnit a description
of the test setup and test procedure proposed. Include dinmensioned

drawi ngs and cross-sectional views of the setup and punp, respectively,
with location of instruments and points of their connection shown.]

[ model, but not later than 90 days after the date of notice to proceed,

submt a description of the proposed nodel and test procedure. Include
di mensi oned drawi ngs and cross-sectional views of the nbdel punp show ng
with the I ocation of all instrunents and the point of their connection to

t he nodel . ]

2.1 Dry Tests

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

NOTE: Specify an operating field test duration

whi ch is reasonable. This could be as little as
15-30 minutes, or as much as a few hours. Al three
tests bel ow gi ve you confidence that your punmp will
operate as designed in its installed |ocation.
Whenever possible a conbination of both field tests
shoul d be perforned, even if it it limted

» Factory Test (shop or nodel)

PRO - captures the actual design points while punping
CON - pump not captured in final installed |ocation
(in situ per 1SO, but rather on a punp stand that

is perfectly level and rigidly supported

* Field Dry Test

PRO - isolates the punp assenbly in the installed

[ ocation (in situ)

CON - could face limted test time due to cooling

i ssues with the | ack of punp nmedi um (bearings, kee
coolers, etc.) thus have hi gher bearing tenps; no

hydr odynam ¢ | oad

* Field Wet Test

PRO - hydrodynam ¢ | oad present; punp nmedi um
avai | abl e for cooling

CON - not likely punmping at design points, so
possi bl e to have sonme cavitation; could have |ess
test time due to limted water in the intake canal
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Dry tests cannot be conducted on punps that are
| ubricated with product water

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

Test each punping unit, consisting of a punp [and notor] [and gear
reducer] [right-angle gear reducer, and diesel engine] in the dry to
determ ne whether it has been properly erected and connected. [ Conduct
such test when, and as, directed by Contracting Oficer.] [After each
punpi ng unit has been conpletely assenbled, including all rotating

el ements and the lubrication system operate at the full rated speed for
[15 minutes][30 mnutes][ a period of 1 hour][three 15 minute periods][a
period of 2 hours], to assure proper alignnent and satisfactory
operation.] Subnmit field test results.

[ a. Take vibration neasurenents in accordance with H 9.6.4. Vibration
[imts cannot exceed those reconmended by H Figure 9.6.4.2.5.1b. |If
it is not possible to operate the punp at its best efficiency point,
vibration limts nmay be adjusted in accordance with the requirenents
of the stated standard.

][b. Operate each punping unit at full-rated speed until the tenperature
rate of rise has stabilized for all bearings. Consider the bearings
tenperature stabilized when the rate of rise does not exceed 0.5
degree Celsius in five mnutes 1 degree Fahrenheit in five nminutes
[ ] degree(s) | ] in| ] mnutes].

][c. Repeat the dry test run if it is necessary to interrupt the test
before all bearing tenperatures have becone stable. [If after a run
of reasonable duration][If after a test run of | ] hours] the
tenperature rate of rise for any bearing has not stabilized, term nate
the test until the cause of overheating is deternined and corrections
are nade. Then repeat the dry test run. Should tests reveal that
there is a design deficiency or a manufacturing error in the punping
unit conponents, pronptly correct the problem

][d. Performtesting in accordance with | SO 20816- 3]

3.2.2 Wet Tests

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

NOTE: The | ongest period should be used if water
for testing will be available. The estinated water
avai | abl e and the nunber of punps requiring tests
shoul d be consi dered when specifying | ength of
tests. Sound testing, if required would only
establish a base line for future reference. Consult
H 9.1-9.09.

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

Test each punp unit under |oad, at or near normal operating conditions,
for at least | ] hours or as directed by the Contracting O ficer; the
test will be witnessed by the Governnment. Provide all supplies and

equi prent required to conduct the test. During the test observe, neasure
and record the operation of the punps during the test for[ sound,]

vi bration and bearing tenperatures in accordance with [H 9.6.4]]

| SO 10816-3]. Submit field test results. Wthout additional costs to the
Covernment, nake all changes and correct any errors. The Contracting

O ficer may wai ve or postpone the test if sufficient water is not
avai | abl e.
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SYSTEM LOSS CURVE

(DESI GNER TO PROVI DE THI S
FI GURE WHEN CONTRACT

| S PREPARED)

FI GURE 1

SECTION 35 45 01 Page 69



BEARI NG RTD | NSTALLATI ON

FI GURE 2

AXI AL FLOW PUWP
AND
M XED FLOW PUVP

FI GURE 3

NOTE: Figures 2 and 3 exist as a PDF file |ocated at

http://ww. wbdg. org/ffc/dod/unified-facilities-guide-specifications-ufgs/fornms-graphics-

f or downl oad.

-- End of Section --

SECTION 35 45 01 Page 70



