Contents

Page

FOrEWOId . . Vii
9.8 Pump intake design . . ... . e 1
9.8.1 INtrOdUCHION . . . e 1
9.8.1.1 PUIDOSE. . e 1
9.8.1.2 ST o] o 1
9.8.1.3 Nomenclature, primary symbols, and units. . ... ... ... . . 1
9.8.2 Design objJeCtives . . . . . 9
9.8.3 Intake structures for clear liquids . . .. ... . . 11
9.8.3.1 Rectangularintakes . . ... .. . e 11
9.8.3.2 Formed suction intakes. . . . ... . e 17
9.8.3.3 Circular pump stations (clear liquids) . . . ... .. . e 19
9.8.34 Trench-type intakes (Clear liquids) . . .. .. ..o e 22
9.8.3.5 Tanks — pUMP SUCHION. . . . o L. 23
9.8.3.6 Suction can vertically suspended pump intakes (clear liquids). .. .. .......... ... ... ..., 27
9.8.3.7 Unconfined intakes (Figure 9.8.3.7) . ... .o i 30
9.8.4 Intake structures for solids-bearing liquids . . .. ... ... . 32
9.8.4.1 General . . .. 32
9.8.4.2 Trench-type wet wells for solids-bearing liquids . . . . ... ... .. 35
9.8.4.3 Circular plan wet pit for solids-bearing liquids. . . . ... ... . 37
9.8.4.4 Rectangular wet wells for solids-bearing liquids . . ... ... ... . 38
9.8.5 Inlet bell design diameter (D) . . ... ... e 41
9.8.5.1 General. . .. 41
9.8.5.2 O CtiVE. . o o o 41
9.8.6 Required submergence for minimizing surface vortices. . .. ............ ... .. ... 44
9.8.6.1 General . . .. e 44
9.8.6.2 Controlling parameters . . .. ... e 44
9.8.6.3 Application considerations . .. ... . e 46
9.8.7 Physical model studies of intake structures and pump suction piping .. ................... 48
9.8.7.1 Need for a physical model study. . . . ... e 48
9.8.7.2 Physical model study objectives. . . .. ... .. . e 49
9.8.7.3 Physical model similitude and scale selection .. ....... ... ... ... . ... .. .. ... .. . . . ... 49
9.8.7.4 Physical model study SCOPE . . . . . ..o 51
9.8.7.5 Instrumentation and measuring techniques . .. ... .. . 52
9.8.7.6 Test plan . .. 54
9.8.7.7 Acceptance Criteria . . .. ... . 54
9.8.7.8 Report preparation . . ... ... e 55
9.8.8 Use of computational fluid dynamics (CFD) . .. ... i e 55
9.8.8.1 General . . .. 55

Hydraulic Institute Standards, Copyright © 1997-2024, All Rights Reserved ii



9.8.8.2 Simulation Methods . . . ... o 55

9.8.8.3 Unacceptable uses of CFD modeling in pump intake hydraulics . . ....................... 56
9.8.84 Acceptable uses of CFD modeling in pump suction hydraulics . ......................... 56
Appendix A Remedial measures for problemintakes ........ ... ... . . . . 57
Appendix B Sump volume (informative). . . . .. . e 73
Appendix C Intake basin entrance conditions, trench-type wet wells for solids-bearing
liquids (informative). . . . ... e 77
Appendix D Performance enhancements for trench-type wet wells (informative) ...................... 82
Appendix E Aspects of design of rectangular wet wells for solids-bearing liquids (informative) ........... 88
Appendix F Suction bell design (informative). . ... ... . 94
Appendix G Submersible turbine pumps — well motor type (informative). . . ......... ... .. ... .o L. 96
Appendix H Modification of existing pumping systems (informative) .. ......... ... ... ... .. o ... 97
Appendix | Alternate formed suction intake designs (informative) .. .......... ... ... . L. 98
Appendix J Rectangular intakes for shallow liquid source (informative) .. ............ ... .. ... . .... 102
Appendix K Influence of pump operating conditions on intake design (informative) . .................. 106
Appendix L Sediment and debris issues at surface water pump station intakes (informative) ........... 109
Appendix M References (informative). . .. ... . . e 112
Figures
9.8.3.1.4a — Rectangular intake structure layout . . . ... . ... . 13
9.8.3.1.4b — Filler wall details for proper bay width . .. ... ... . . 15
9.8.3.2.2 — Formed suction intake . . .. ... ... e 18
9.8.3.3.1a — Wet-pit duplex sump with pumps offset . . ... ... ... . . 20
9.8.3.3.1b — Wet-pit duplex sump with pumps on centerline .. ....... ... .. ... . . . .. 20
9.8.3.3.1c — Dry-pit/wet-pit duplex SUMP . . . ...t 20
9.8.3.3.1d — Wet-pit triplex sump, pumps inline . . ... ... e 20
9.8.3.3.1e — Wet-pit triplex sump, compact . . .. ... ... e 20
9.8.3.3.1f — Dry-pit/wet-pit triplex SUMP . . .. .o e 20
9.8.3.4.1 — Trench-type wet Well . .. ... ... e 22
9.8.3.5.4 — Datum for calculation of submergence. . ... ... . . 25
9.8.3.5.5 — Definitions of V and D for calculation of submergence. ... ........ ... ... . . L. 26
9.8.3.6.4 — Open bottom suction canintakes. . . . .. ... . . 29
9.8.3.6.5 — Closed bottom Suction can . ... ... ... . e 30
9.8.3.7 — Unconfined intakes . . . ... ... e e 31
9.8.4.1.4 — Open trench-type wet well . . ... . 34
9.8.4.3.1a — Circular wet pit with sloping walls and minimized horizontal floor area (dry-pit pumps).......... 38

9.8.4.3.1b — Circular wet pit with sloping walls and minimized horizontal floor area (submersible pumps
shown forillustration) . .. ... ... . e 39

9.8.4.3.1c — Circular wet pit with sloping walls and minimized horizontal floor area (wet-pit pumps shown for
HUSIratioN) . . . . o e 40

iv Hydraulic Institute Standards, Copyright © 1997-2024, All Rights Reserved



9.8.4.4.4 — Confined wet-well design . . ... ... e 41

9.8.5.2 — Inlet bell design diameter . .. ... .. . e 43
9.8.6.3 — Minimum submergence to minimize free surface vortices. . . . ........ ... ... .. 47
9.8.7.5a — Classification of free surface and subsurface vortices . .......... ... ... . . . . . ... 53
9.8.7.5b — Typical swirl meter. . . .. ... e 53
A.1 — Examples of approach flow conditions at intake structures and the resulting effect on velocity,

all pUMPS Operating. . . .. oot 59
A.2 — Examples of pump approach flow patterns for various combinations of operatingpumps. ............ 60
A.3 — Comparison of flow patterns in open and partitioned sumps . ......... ... ... . . ... ... 61
A.4 — Effect of trash rack design and location on velocity distribution enteringpumpbay.................. 61
A.5 — Flow-guiding devices at entrance to individual pump bays. . ....... .. ... . . . 62
A.6 — Concentrated influent configuration, with and without flow distribution devices . . ................... 63
A.7 — Baffling to improve flow pattern downstream from dual flow screen. ... ......... ... .. ... . ... 64
A.8 — Typical flow pattern through a dual flow screen . .. ... ... ... . . 64
A.9 — Improvements to approach flow without divergingsumpwalls. .. ....... ... ... .. ... . .. . ... 65
A.10 — Elevation view of a curtain wall for minimizing surface vortices . .. .. ...... ... . ... ... . . L. 66
A.11 — Methods to reduce subsurface vortices and pre-swirl (examples i—ix) . .......... ... ... .. ...... 67
A.12 — Combination of remedial corrections . . .. ... ... .. . e 68
A.13 — Dimensional guidance for pump bell diameters . .. ... .. .. . 69
A14 —Tank antivorteX deVICeS . . . ... oo e e 71
A.15 — Tank inflow and outflow configurations. . . ... ... .. . e 72
B.1 — Graphical analysis for liquid-level controllers . . ... .. 74
B.2 — Graphical analysis for a “smart” controller . . ... .. . 76
C.1 — Schematic diagram of approach pipe . . ... ..ot e 78
D.1 — Open trench-type wet-well hydraulic jump . ... ... 83
D.2 — Open trench—type wet-well with inletbaffle ... ... .. .. . . . 83
D.3 — Suction inlet vanes . . . ... . e e 84
D.4 — Floor cone with vanes for clear liquids . . . . ... ... e 84
D.5 — Floor cone with vanes for solids-bearing liquids . . .. ... ... . 85
D.6 — Flow splitter in wet well. . . ... 85
E.1 — Front — high-level entry . .. ... e 90
E.2 — Schematic, front — high-level entry . . .. ... 90
E.3 — Side — high-level entry . .. ... . 91
E.4 — Schematic, side — high-level entry . . .. ... . 91
E.5 —Side —low-level entry . . ... 92
E.6 — Schematic, side — low-level entry . . . . ... e 92
E.7 — Recommended sump dimensSioNS. . . . ... .ttt 93
F.1 —Bellintake shapes. . . ... 95
G.1 — Submersible vertical turbine pump . . . ... e 96
[.1a — Stork-type FSI, plan view . . .. o 99
[.1b — Stork-type FSI, elevation view . . ... .. . 99

Hydraulic Institute Standards, Copyright © 1997-2024, All Rights Reserved v



[.1c — Stork-type FSI, perspective VIEW . . . .. .. 99

[.2a — Shoe-box-type FSI, plan view . . ... . 100
[.2b — Shoe-box-type FSI, Section B . . .. ... 100
[.2c — Shoe-box-type FSI, Section A . . ... . 101
J.1 — Configuration for rectangular intakes withdrawing from shallow liquid source, maximum

three pumps (referto Figure J.2). . . ... e 104
J.2 — Pump bay details near the pump suction inlet for rectangular intakes with a shallow liquid source . . . . . 105
K.1 — System with up to Three Pumps Operatingin Parallel . . ........ .. ... . .. .. . . .. 106
K.2 — Pumps Operating in Parallel with Range of Operating Conditions . . . ........ ... .. ... ... . .... 107

Vi Hydraulic Institute Standards, Copyright © 1997-2024, All Rights Reserved





