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PREFACE 

The continuing pumping station sump investigation reported herein was 

authorized by the Office, Chief of Engineers (OCE), US Army. Project monitors 

were Messrs. J. S. Robertson and R. L. Kinsel. Mr. R. Malm, OCE, was instru

mental in obtaining initial funding for computer software. 

This phase of the study was conducted in the Hydraulics Laboratory of 

the US Army Engineer Waterways Experiment Station (WES) under the direction of 

Messrs. H. B. Simmons and F. A. Herrmann, Jr., former and present Chiefs of 

the Hydraulics Laboratory; and under the general supervision of Messrs. J. L. 

Grace, Jr., Chief of the Hydraulic Structures Division, and N. R. Oswalt, 

Chief of the Spillways and Channels Branch. Technical instrumentation support 

was provided by Messrs. B. W. McCleave, H. C. Greer, S. W. Guy, and L. B. 

Smithhart of the Instrumentation Services Division. Drs. Roger Multer, of the 

WES Hydraulic Analysis Division, and Dr. B. James, of the Coastal Engineering 

Research Center, Fort Belvoir, Maryland, developed the modified algorithms · 

presented in Part IV. Support for computer software development was provided 

by Drs. Multer and L. L. Daggett, also of the Hydraulic Analysis Division, and 

Mr. P. K. Senter, Chief, Information Research Center, Information Technology 

Laboratory (ITL). Project Engineers for this phase of the study were 

Messrs. G. R. Triplett and B. P. Fletcher, Spillways and Channels Branch. 

This report was prepared by Messrs. Triplett, Fletcher, Grace, and J. J. 

Robertson, former Chief, Electrical and Mechanical Branch, Engineering Divi

sion, Directorate of Engineering and Construction, OCE, and edited by 

Mrs. Beth F. Burris, Information Products Division, ITL. 

During the investigation, the following visitors were at WES to discuss 

various aspects of the program and test results: Dr. J. Choromokos, Jr., 

Director of Research and Development, OCE; BG C. Edgar, Deputy Director of 

Civil Works, OCE; J. J. Robertson, R. L. Kinsel, S. B. Powell, R. Malm, 

T. Munsey, and W. E. Roper, OCE; and numerous other representatives from Corps 

of Engineer Districts; universities; Federal, State, and local governments; 

pump manufacturers; and from the countries of Egypt, France, Pakistan, 

Colombia, Sweden, Taiwan, Philippines, Israel, Federal Republic of Germany, 

People's Republic of China, Canada, Korea, Portugal, and Italy. 

COL Dwayne G. Lee, CE, is the Commander and Director of WES. 

Dr. Robert W. Whalin is the Technical Director. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENTS 

Non-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

Multiply 

cubic feet 

degrees (angle) 

Fahreheit degrees 

feet 

foot-pounds (force) 

gallons (US liquid) 

horsepower (550 foot-
pounds (force) per 
second) 

inches 

pounds (force) per 
foot 

pounds (force) per 
square inch 

pounds (mass) per 
cubic foot 

pounds-square feet 
(moment of inertia) 

sauare feet • 

square inches 

By 

0.02831685 

0.01745329 

5/9 

0.3048 

1.355818 

3.785412 

745.6999 

2.54 

14.5939 

6.894757 

16.01846 

0.04214011 

0.09290304 

6.4516 

To Obtain 

cubic metres 

radians 

Celsius degrees or 
Kelvins* 

metres 

metre-newtons 

cubic decimetres 

watts 

centimetres 

newtons per metre 

kilopascals 

kilograms per cubic 
metre 

kilograms-square metre 

square metres 

square centimetres 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use the following formula: C = (5/9) (F- 32). To obtain Kelvin (K) 
readings, use: K = (5/9)(F- 32) + 273.15. 
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PUMPING STATION INFLOW--DISCHARGE HYDRAULICS 

GENERALIZED PUMP SUMP RESEARCH STUDY 

PART I: INTRODUCTION 

Need for Research 

1. This research was initiated due to the absence of adequate design 

criteria for sumps and sump approaches for flood-control pumping stations that 

are required to operate at low submergences. An investigation conducted by 

the US Army Corps of Engineers (Fletcher 1979) revealed that approximately 

50 percent of all sumps for flood-control pumping stations designed and con

structed by the Corps needed some sort of postconstruction modification to 

improve the flow conditions to the pumps. These modifications were costly and 

in most cases did not correct the problem but improved the conditions only . 

slightly. For the Corps to continue to design sumps without improving them in 

any way was unthinkable. Consequently, this research program was initiated to 

provide the information needed to permit the Corps to design pumping stations 

~at would be acceptable not only from a hydraulic standpoint but also from an 

operational and maintenance standpoint. 

Purpose and Scope of Sump Research Study 

2. The purpose of this research was to develop the criteria needed to 

design the approach conditions and sumps for small flood-control pumping sta

tions with some degree of assurance that they will be trouble-free. Because 

site-specific model studies are costly, they are generally recommended only 

for pumping stations with capacities larger than 200 cfs* or those stations 

having a sump with a unique design. This study pertains to generalized pump

ing stations with smaller discharges (less than 200 cfs). A microcomputer 

system and appropriate software were developed to enhance the depth and 

accuracy of the study. Evaluation techniques were developed to compare the 

* A table of factors for converting non-S! units of measurement to SI 
(metric) units is found on page 4. 
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many variations of sumps tested. Some of these variations included pump 

intake location, surface vortex suppressor beams, vertical drops in the 

approach, and other appurtenances. 

, 
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PART II: TEST FACILITY 

3. The planned test program required an experimental facility suffi

ciently flexible to handle inflow from simulated channels, ponding areas, and 

conduits. To satisfy this need the test facility shown in Figure 1 was 

constructed. 

Flume 

4. The 45-ft-long, 35-ft-wide, and 4-ft-deep flume (Figure la) is 

raised 3.8 ft above the floor to facilitate observation and general working 

conditions and to reduce the minimum head against which the pumps must oper

ate. A weir is constructed across the upstream end of the flume to provide 

evenly distributed flow from the return flow pumps. An 8-in. rock baffle wall 

is also constructed across the flume just 3.5 ft downstream from the weir to 

further baffle the return flow pumped from the rear reservoir. The flume 

itself is constructed of wood and leveled on steel support structures. The 

wooden construction facilitates approach flow and sump geometry modifications. 

Rear Reservoir 

5. The 30.1-ft by 10-ft by 4.9-ft-deep (Figures la and ld) rear reser

voir is partly recessed into the ground so that the water-surface level is 

below the pump bell intake plane. This allows pumping against a static head 

as low as -1.65 ft (total head of 5.68 ft). 

Sump 

6. The transparent plastic sump, located in the downstream end of the 

flume, is 10 ft wide, offset 3.1 ft beyond the end of the flume, and symmetri

cally located between the sides of the flume (Figure la). 

Pumps, Pump Motors, Support Structure, Valves, and Piping 

7. Three vertical Fairbanks Morse pumps are supported by an independent 

steel structure over the transparent sump. Each pump is a 10-in.-diam, 

7 
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single-stage, mixed-flow pump with a maximum discharge capacity of approxi

mately 2,800 gpm at zero static head. Each pump is model 8312 equipped with 

the B1432T propeller and operates at 1,770 rpm (Figure 2). The steel struc

ture for the pumps and motors is separate from the flume structure in order to 

minimize the transfer of vibrations from the motors and pumps to the flume. 

Each of the three Fairbanks Morse pumps is driven by a 15-hp, 460-v, three

phase, 60-Hz, 1,750 rpm motor manufactured by US Electrical Motors. The three 

Fairbanks~ Morse pumps are numbered from left to right (1, 2, 3) looking 

downstream (Figure 1a). 

8. Pump 4 has a transparent suction bell and several feet of trans-

parent intake piping. The suction bell is located just to the right of pump 3 

(Figure 1a) and is connected to a centrifugal, Jacuzzi pump model 40F118T/E 

driven by a Gould Centry, 40-hp motor, model G 323058-1, 1,765 rpm, 60Hz, 

230/460 v located on the floor at the opposite end of the flume (Figure 1b). 

An overhead crane is available to reposition pumps 1-4 within the sump area 

(up, down, backward, forward, and sideward). Manual gate valves are installed 

in the conduit downstream from pump 4 to allow recirculation of water from the 

rear reservoir or the flume. The capacity of pump 4 is approximately 

2,000 gpm. 

9. Pumps numbered 5-10 are used to recirculate water from the rear re

servoir to the flume (Figure 1b). These pumps are Jacuzzi centrifugals, model 

15 EM 5-T/E. Pumps 5, 9, and 10 are driven by 15-hp Gould Centry motors, 

model 6-321227-03, 230/460 v; pumps 6, 7, and 8 are driven by US Electrical 

Motors model 254 JD (A-1), 15 hp, 1,755 rpm. 

10. Keystone motor-driven valves, model 770-600, have been installed in 

the piping from pumps 1, 2, 3, 5, and 6 (Figure 1b). All of these valves are 

activated from the control panel. The valves allow the head and discharge on 

each pump to be varied. The valves in the piping from pumps 3 and 5 allow a 

portion of the pumped water to be returned to the rear re~ervoir without shut

ting off any pumps. The net result is to allow flow from the rear reservoir 

to the flume to be exactly equal to the flow from the flume (pumps 1, 2, 3, or 

4) to the reservoir. Adjustment of valves 5 and 6 may be operated manually or 

automatically from the instrument control panel to maintain a constant water

surface elevation in the flume. 
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11. Pumps 1, 2, and 3 use 10-in. polyvinyl chloride (PVC)* piping. All 

return flow pumps (5-10) use 6-in. PVC piping. Pump 4, the suction pump, has 

a transparent suction bell and 2 ft of 10-in. conduit; the remainder is 8-in. 

PVC pipe. 

* For convenience, symbols and abbreviations are listed in the Notation 
(Appendix A). 
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PART III: DATA ACQUISITION, ANALYSIS, AND RECORDING SYSTEM 

Pressure Transducers and Sensors 

12. All instrumentation except the sensors is located in an environ

mentally controlled room located near the pump test facility (Figure 1c). The 

room and entire facility are located in the north end of a large metal build

ing (Building 3100) within the Hydraulics Laboratory at the US Army Engineer 

Waterways Experiment Station (WES). A block diagram of the instrumentation 

system, including sensors, is shown in Figure 3. Locations of some of the 

sensors are shown in Figures 1a and 4. 

13. The pump discharge is measured in a 10-in. Foxboro Magnetic Flow 

Tube, model 2800. The signal is relayed to the digital display panel and the 

microcomputer by a Foxboro Magnetic Flowmeter Transmitter model 696A. Peri

odic calibrations are made to the Foxboro magnetic flow measuring system by 

use of the Foxboro calibrator model 8120. In addition, volumetric verifica-· 

tions of the system accuracy are made periodically by timing a measured volume 

of water pumped from the flume to the rear reservoir. The reliability and 

accuracy of this system have been repeatedly verified. The magnetic flow tube 

is located in each of the three pipes from the three Fairbanks Morse pumps 

under the flume approximately midway between the pumps and the rear reservoir 

(Figure 1a). The transmitters and the calibrator are located in the instru

ment room behind the instrument control panel. 

14. The torque transducer (Lebow model 1114-1K) and the tachometer 

pickup are both located on the pump propeller shaft 0.8 ft below the pump 

motor. A digital reading of each is displayed at the instrument control 

panel. 

15. Noise is measured by a microphone, B&K model 4125, with a preampli

fier B&K model 2642 using a B&K model 2810 power supply. The microphone is 

located 0.8 ft from the pump column and 3.4 ft from the bell intake of each of 

the Fairbanks Morse pumps (see "Acoustic," Figure 4). The noise signal is 

transmitted to the microcomputer through the WES amplifier and calibration 

network. 

16. Pump vibration is measured in the longitudinal plane by use of a 

velocity transducer, Vibrometrics model 124. The transducer is attached to 

the pump column (Figure 4). The signal is relayed to the microcomputer 

13 
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through the WES amplifier and calibration network. In earlier research, 

vibration was measured in the transverse direction also. The values were so 

nearly the same that the transverse direction of vibration was eliminated from 

the data acquisition process. The maximum velocity is plotted with the per

formance characteristics curves; the root mean square (rms) value is also 

available in the corresponding research data tables. 

17. Pressure transducers, Bell-Howell model 4-312, are installed flush

mounted with the sump floor and beneath the center point of pumps 1-4. A dig

ital meter provides a value readout on the instrument panel. The signal is 

also relayed to the microcomputer through the WES amplifier and calibration 

network and through a noise filter, Burr Brown model ATF-76-LM4B-5120. 

18. Voltage and current General Electric gage meters for the three 

Fairbanks Morse pump motors are located near the pumps outside the equipment 

room. The voltage and current are reduced by a 480- to 120-volt alternating 

current (VAC) transformer and a Research, Inc., model 652-1 voltage-current 

converter. The values are displayed by digital meters on the control panel 

and are routed to the microcomputer through the WES amplifier and calibration 

network. 

19. The pump static head pressure (Figure 4) is also measured by Bell

Howell model 4-312 pressure transducers. Four pressure taps are made in the 

10-in. discharge pipes at equal distances around the circumference. The four 

taps are joined by Tygon tubing to a common single tube leading to the pres

sure transducer. The four taps are made at top and bottom of the horizontal 

discharge pipe and on each side at 90 deg to the top and bottom taps (Fig

ure 4). The analog signal from the transducers is transmitted to the WES 

amplifier and calibration network. The signal is then filtered by Burr Brown 

Filters, model ATF-76-LM4B-2040, and relayed to the microcomputer. 

20. Control of the water-surface elevation is important in maintaining 

a constant pump bell submergence during testing. A Robert Shaw Water Level 

Detector provides the signal for a digital meter reading of the water-surface 

elevation to the operator console. The Robert Shaw transmitter also provides 

the analog signal to the Jordan Servo-Controller model 8612 for automatic 

fill/shut-off valve and to two Jordan Servo-Controllers model 8562 which con

trol two automatic water-level control valves located in the discharge lines 

of pumps 5 and 6. These valves allow variable amounts of water to be recir

culated back to the rear reservoir when the flume water level rises above the 
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preset level. The water level preset dial relay allows the operator to select 

the desired surface water level for constant submergence operation or for 

automatic filling of the flume when an attendant is not available to observe 

filling progress and to close the water fill line when the desired water depth 

has been obtained. 

The WES Amplifier and Calibration Network 

21. The WES amplifier and calibration network is composed of printed 

circuit boards (PCB) that contain the amplifiers, potentiometers, switches, 

and other electronic components necessary to receive the transducer signals 

and condition them for reception by the microcomputer. The balance potentiom

eters allow residual signals to be zeroed out. The amplifiers provide the 

necessary boost in the signals to desired levels to be used as scaling factors 

to convert to equivalent engineering units. The method used to calibrate the 

linear gages provides for three input voltage levels to the microcomputer that 

relate gage voltage output to engineering units. The PCB switches allow the 

actual transducer signals to be replaced by calibration reference voltage lev

els or calibration step (amplified) voltage levels. The third voltage level 

is zero, i.e., the actual readings of the gages are observed and balancing 

potentiometers allow residual signals to be adjusted to zero. 

System Power Supplies 

22. Various voltage levels are required for operation of the micro

computer. Power supply modules and 110 VAC provide these voltages. A block 

diagram of these values and how they interface with other equipment is shown 

in Figure 5. 

The Microcomputer 

23. The microcomputer contains three primary boards: microprocessor, 

interface, and arithmetic. The microcomputer system along with the computer 

terminal and printer/plotter allowed data analysis and report-quality graphs 

and tables to be produced without any help from a mainframe computer or plot

ter. Prior to this system, the analog data were recorded on magnetic tape 
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during testing. The tape recorder used a frequency modification recording 

technique that gave good linearity from direct voltage to frequencies in the 

tens of kilohertz. The analog data were "digitized" (converted from analog to 

digital format) and recorded on digital magnetic tape. The digital magnetic 

tape provided to the mainframe computer allowed subsequent tables and graphs 

to be obtained. This system had problems in time scheduling for the data re

duction equipment and personnel. The accuracy of the system was also mar

ginal. The analog tape recorders can frequently have problems with bias noise 

of 25 to 40 mv (with a maximum range of 4 v). The new system using direct 

digital acquisition devices (analog to digital conversion) has low inherent 

noise (less than the least significant bit value--2.5 mv for a 10-v, 12-bit 

range). The temperature and time stability are several orders of magnitude 

better with the direct digital acquisition devices. Data acquired digitally 

on site by the 12-bit system are therefore significantly more accurate than 

the previously used analog recording method. The new system also operates 

more proficiently and more expediently because the project engineer is able to 

observe the data during testing time. Problem areas can be identified and 

corrected without expending long hours of testing and data reduction before 

the data can be examined. 

The microprocessor board 

24. The microprocessor board is the heart of the microcomputer. This 

board, model MPS 94-1, is a commercially available board made by Quay Corpora

tion of Freehold, New Jersey. The board, shown in Figure 6, measures 8 by 

16 in. The model MPS 94-1 board consists of a Z80A microprocessor, 66,560 

bytes of random access memory (RAM), 14,336 bytes of erasable-programmable

read-only memory (EPROM), 64 bidirectional parallel input/output (I/O) lines, 

4 timers, 1 asynchronous communications port, and an onboard EPROM programmer. 

The Z80A is operated at a clock frequency of 4 MHz. The address lines are 

buffered by 74LS367 buffers that are tristated during direct memory access 

(DMA) operations. All data lines have bidirectional buffering using 74LS367 

buffers. Control logic allows read-and-write operations, tristate DMA opera

tion, and read-on vectored interrupt operation (mode 2). Z80A interrupt mode 

2 requires that the interrupting device place the lower 8 bits of the inter

rupt vector address on the data lines when the Z80A central processing unit 

(CPU) issues I/0 requests during the first memory cycle (MI). There are two 

clock circuits of the basic linear type oscillator onboard. One runs at 
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2.4567 MHz and is used by the baud rate generator circuitry for the universal 

asynchronous receiver transmitter (UART). The other runs at 4 MHz and feeds 

all the circuitry except the UART. The board is automatically reset on 

power-up by resistor/capacitor delay circuit feeding a series of gates that 

square up the pulse produced. The 3-sec delay allows the power supplies to 

stabilize before reset is issued. A manual reset button is also incorporated. 

The board contains circuitry to allow instructions to be single-stepped, to 

allow break and snap (dynamic break) points, and to allow dumping of CPU reg

isters. Sockets are provided for all memory chips so that the power consump

tion can be limited by removing any unneeded chips. The board uses 60-pin 

bulkhead connectors to greatly increase system reliability over the more com

mon edge-connector configurations. 

The interface board 

25. The interface board (Figure 7) was designed to provide the inter

face between the Quay microprocessor board and the rest of the system which 

consists of (a) analog input, (b) analog output, {c) operator switches, 

{d) liquid crystal diode (LCD) display, and (e) digital cassette recorder. 

The interface board's dimensions are the same as those of the microprocessor 

board (8 by 16 in.). Diagrams are available for the overall circuitry for 

implementation of the board. The board has three analog outputs. These out

puts can also be used to drive strip chart recorder traces for run-time dis

play of selected input channels. Reliability was of major concern in the 

design of the interface board. Since edge connectors are a common cause of 

system failure {due to corrosion), gold-plated bulkhead connectors (of the 

same type used on the microprocessor board) were selected for system intercon

nection. Ribbon cables with insulation displacement-type connectors were 

chosen for most of the system's wiring to reduce assembly costs and to elimi

nate the possibility of connector solder joint failure. To further improve 

reliability, large-scale integrated circuits were selected whenever possible 

to reduce the number of component connections (common failure points). A 

large ground plane and heavy power lines were "printed" on a double-sided 

plated-through card, and gold-plated turret-type wire-wrap sockets were used 

to increase reliability, reduce system noise, and allow ease of servicing and 

modification. The channel address of the analog-to-digital converter (ADC) 

circuit is output by the Z80A. The lower 3 bits go through a 7442 demulti

plexer {Z28) and a 7404 inverter (Z27 and Z31) to enable one of the eight 
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AD7507's. The AD7507 is an 8-channel dual input complementary metal oxide 

semiconducter (CMOS) analog switch network with differential outputs 

(Sheingold 1972). The switches have internal Transistor/Transistor Logic 

(TTL) to CMOS converter/demultiplexers/drivers and an enable input. The CMOS 

switches are followed by a differential amplifier circuit. The operational 

amplifier, AD509 (Z33) with 40-kohm resistors, performs the differential to 

single-ended conversion. The system uses an ADC 1102 converter that is oper

ated at 15 v and takes 8 ~sec with the input range set to be ±10 v. The ports 

are connected to Z80A-PIO chips through tristate buffers so that the ADC out

puts can share the same ports as the digital-to-analog converter (DAC or D/A) 

inputs. Capacitors are installed across the strobe inputs to the DAC latches 

to prevent glitches from causing their outputs to change. Each DAC has 12 

type 74174 latches (Z21-Z26) between the Z80A-PIO outputs and its inputs. The 

strobe latches the inputs to the DAC (causing the DAC to behave as a zero

order hold device). The AD7541 DAC's (Z18-Z20) are CMOS ladder networks that 

multiply a +10-v reference (provided by an AD581-Z45) times a divider network. 

A Schottky diode is tied to the outputs of the DAC's to prevent operational 

amplifier reverse spikes from damaging the DAC's. The interface board also 

contains circuitry to support time-of-day display and initialization. 

The arithmetic board 

26. The arithmetic board (Figure 8) is a standard 8080 Intellect system 

board (pin interconnecting wiring) made by Advanced Microcomputers model 

AMC 95/6011 (Advanced Micro Computers 1978). The main component is the 

Advanced Micro Devices 9611A floating-point chip. The 9611A is actually a 

special-purpose 16-bit microprocessor that does most common mathematical oper

ations (such as addition, division, logarithms, exponentials, powers, and 

trigonometric). It handles three standard formats: 16-bit fixed, 32-bit 

fixed, and 32-bit floating point. The board also contains the bus receiver 

and driver, clock divider, and address decoding circuitry. Since the board 

was specifically designed to interface with a different system, several modi

fications were made on the board. The Z80A handshake lines vary slightly from 

the 8080 lines so some gating modifications were made to produce the 8080 

IOREAD and IOWRITE from the Z80A MEMORY/IO and READ/WRITE lines. Several 

noise problems were discovered with the board inputs so pull-up resistors were 

added on the clock and address input lines on the board. Also the 7407 clock 

input receiver was replaced with a 7414 to square up the clock via 
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Schmitt-triggers. The divide-by-5 counter chip was modified to give divide

by-2 so that the 4-MHz Z80A clock could be halved for use with the 2-MHz 9511A 

chip. The board was designed to interface directly on the microprocessor bus 

as I/0 ports. 

Computer Terminal 

27. The Texas Instrument Silent 700, model 733 ASR/KSR, electronic data 

terminal is used as the system keyboard and data storage device. The operator 

may enter information from either keyboard or cassette. Test parameters may 

be entered from one drive and data may be written to the other drive in a 

time-interleaved manner. The terminal also provides hard copy via a 5-by-7 

dot matrix, SO-column thermal printer. The terminal is driven at 1,200 bits 

per second (120 characters per second) via a serial Electronic Industries 

Association (EIA) RS232 port on the microprocessor board. The cassettes and 

keyboard can operate at 120 characters per second, but the printer can be 

driven at only 30 characters per second and must receive special treatment 

(discussed under software). 

28. 

through an 

Printer/Plotter 

The Hewlett Packard Model 7240A printer/plotter is interfaced 

addition to the arithmetic board. An INS*250 UART
10 

provides se-

rial TTL input/output, with TTL to EIA level conversion performed by one 

DS1489 (EIA to TTL) and one DS1488 (TTL to EIA). Existing spare gates on the 

board are used for address decoding. The 2-MHz clock on the board is input to 

the UART which is software programmable by means of internal 16-bit counter/ 

divider circuitry to give a variable number of baud rates. The highest rate 

at which the printer/plotter can accept characters (2400 baud) is used. The 

printer/plotter combines a dot matrix thermal printer with a vector-type plot

ter. The dot matrix characters may be printed in any of four directions (the 

paper may move up or down and the print head left or right). The plot width 

is limited to 10.2 in. and the length to 16.5 ft. The plotter portion has 

many built-in functions, which are normally done in the computer software with 

a Calcomp type package. These include (a) software character generation with 

continuously selectable size, rotation, and slant; (b) vector commands; 
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(c) plot and rotate commands; (d) axis generate and label commands with tick 

marks; and (e) circle and arc commands. The rotate and scale commands, for 

example, were used to scale and position the Corps of Engineers castle 

insignia shown on all curve-plotted sheets in this report. 

Intelligent Buffer 

29:· The Angel intelligent buffer accumulates data from the computer, 

stores it, and relays it to the printer/plotter at a speed it can accept. 

This allows the computer to continue with other operations without waiting for 

the printer. 

Reference Comprehensive Description 

30. A more comprehensive description of the data acquisition, analysis, 

and recording equipment is contained in a separate report (McCleave 1984). 
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PART IV: COMPUTER PROGRAMS 

31. The computer software is designed to interact with the user in a 

conversational manner. The user is instructed as to which cassettes to in

stall and the appropriate time to install them. The user is asked if he wants 

to input the gage description and test conditions from keyboard or cassette 

and is also asked to input time and date and sequence of calibration. The 

option is also given to use calibration step values for scaling. A subsequent 

opportunity is given to input new engineering values or make corrections. 

After each of the calibration readings is taken, the analog signal values are 

printed in volts. The user can verify the validity of these values. After 

each reading (calibration or data), the user is given the option of printing 

the engineering units for each gage. The user also has the option after 

checking the data to put it on the test cassette tape or make corrections and 

take a new reading. An additional option available is the amount of data to 

print for review: all, overall, or selected. When the "all" option is re

quested, the terminal prints out the results of analyses of the data in memory 

to determine rms, standard deviation, and mean maximum and minimum values for 

each variable and each pump that is operating. When the "overall" is asked 

for, the terminal prints out the results of the analyses to determine rms for 

the noise, the maximum value for velocity (vibration), and the mean value for 

the remainder of the variables pertinent to each pump operating. For 

"selected," specific values of each variable may be listed. 

Header or Identification Information 

32. Basic information that determines options throughout the data ac

quisition, plotting, and recording process is entered on the data cassette in 

a prescribed format. This basic information is referred to as identifica

tion (ID) or header information (Figure 9). The first line contains the 

title. The computer obtains the title for all subsequent graphs and tables 

from this location. Also on the first line and near the right margin are two 

numbers that indicate the number of gages and the sampling rate. In the sam

ple shown in Figure 9, there are eight gages and the data are randomly sampled 

500 times for each of five data values in each category (rms, standard devia

tion, mean, maximum, and minimum) for each gage (Figure 10). The sixth data 
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Pump Sump Research Station 8 500 
Discharge Flow-1 1 lGPM 4 31Torque Torq-1 1 lln-Lb 5 31 
Voltage E-1 1 lVolts 6 31Current 1-1 1 lAmps 7 31 
Velocity V-1 1 liPS 8 31Noise-1 Mike-l 1 1PSI 9 31 
Stat Head Stat-Hd-1 1 lFeet 10 31Floor Cell FC-1 1 !Feet 11 31 
I* EOF 
I* EOF 
I* EOF 

Figure 9. Sample header or ID information 

' J 

RM 4.408E- 5 4.325E- 5 4.275E- 5 4.608E- 5 4.368E- 5 4.398E- 5 
ST 4.405E- 5 4.323E- 5 4.274E- 5 4.607E- 5 4.368E- 5 4.398E- 5 
ME -1.563E- 6 1.456E- 6 7.357E- 7 5.375E- 7 -3.137E- 7 1.706E- 7 
MA 1.236E- 4 1.254E- 4 1.309E- 4 1.493E- 4 1.162E- 4 1.493E- 4 
M1 -1.506E- 4 -1.479E- 4 -1.433E- 4 -1.479E- 4 -1.405E- 4 -1.506E- 4 

Figure 10. Sample raw data for noise 

value in Figure 10 represents a composite of all 2,500 (5 x 500) random data 

samples for the pertinent category. The header information (Figure 9) also 

contains the name of each gage parameter, its engineering units, a designated 

serial number identification, and the gage number. These values are also 

taken from here when used in the graphs and tables. The user has the option 

of which data categories (rms, standard deviation, mean, maximum, or minimum) 

that he wants to record on tape. The user designates this by the quantity 

shown in the extreme right column. In Figure 9 this value is 31 indicating 

that all categories are to be recorded for each parameter. The last of the 

header information is "EOF" (end of file) statements to inform the computer 

that this is the end of the header information. 

33. The software programs contain more than 8,000 lines of code. A 

more comprehensive description of the software along with program listings are 

contained in a separate report (McCleave 1984). Many of the subroutines are 

general and are used in most of the application programs. Only the more im

portant subroutines will be discussed in this report. 

Time and Date 

34. Time-of-day is kept in the software of the ZSOA microprocessor 

based on interrupts at a fixed interval from the Z80A clock-timer chip (CTC). 

The chip contains four timers; time 1 (clock 0) is used for time-of-day 
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interrupts. The time is displayed as day/hour/minute on an LCD display driven 

by the ZSOA and updated once per second. Time after power-up may be entered 

either from binary coded decimal (BCD) thumb-wheel switches or from keyboard. 

Years are not kept; however. Julian days are allowed to go from 0 to 999 (to 

allow tests to run into the next year, recycling to 0 after 999). 

35. Handshaking occurs between the application program and the time-of

day routine to be sure the application program does not retrieve information 

during the updating of the software counters. To read, the time-of-day rou

tine maintains a separate buffer from the applications program. If the appli

cation program has set a flag indicating it is reading the buffer, the time

of-day routine will not update the buffer. When the applications program 

finishes retrieving the time-of-day, it resets the flag and the buffer is once 

again kept current. The time and date are recorded on cassette each time a 

set of raw data is recorded. 

Electronic Data Terminal and Cassette Driver 

36. The primary operator interface is a data storage and data entry 

device, the Texas Instruments Silent 700 model 733ASR/KSR electronic data ter

minal. The routines, which communicate with the terminal, transfer variable 

length blocks of ASCII characters. The keyboard entry routine INBUF is used 

by INFLT2 and INBCD to get a block of characters representing a floating-point 

number or a fixed-point number, respectively. INBUF is also used for charac

ter entries of model parameters such as test name. The routine passes the 

length of the buffer and checks to see that too many characters are not 

entered. When the buffer is full, the routine issues a carriage return/line 

feed and terminates. If the operator wishes to delete all entries from the 

time the last carriage return was entered, he types a "rubout." If the 

routine detects a rubout, it reinitializes all parameters and issues a car

riage return/line feed and beep. The operator may backspace by use of the 

"Control H" key. The routine backspaces two characters (the "Control H" and 

the previously entered character) each time "Control H" is entered, and out

puts a carriage return/line feed and beep, and reinitializes the parameters. 

The number of characters entered is returned as a parameter in the IX reg

ister. The routine issues a beep upon entry to cue the operator that keyboard 

entry is required. 
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37. The Silent 733 also allows cassette input. The Z80A routine INCAS 

disables the keyboard, enables the cassette playback, and reads in a block of 

characters. The "Remote Device Controller" option allows the Z80A CPU to 

automatically select and control the printer, keyboard, cassette reader, and 

cassette recorder electronics. The routine accepts characters until an 

attempt to exceed the buffer length is made or a "Control S" character is 

sensed. The "Control S" character causes continuous playback to end. To 

begin reading a record (i.e., on entry), the routine issues a "Control R" 

character. Before terminating, the routine disables the cassette playback 

electronics and enables the keyboard. 

38. When printing characters, the PRINT routine conforms to the pecu

liarities of the Silent 733. All data transfers are at 120 characters per 

second (1200 baud); however, the printer can print only 30 per second. So 

each printable character output is followed by output of three rubouts. Fol

lowing the output of a carriage routine, a delay of about 0.2 sec is incor

porated to allow the carriage to settle so that characters will not be missed. 

When a binary zero or carriage return character is detected in the input buf

fer, a carriage return/line feed is issued and the routine is terminated. 

Calibration and Statistical Subroutines 

39. The statistical subroutines deal with floating-point numbers and 

are quite lengthy and complex. Rather than a discussion of the actual imple

mentation of the routines in detail, the formulas used are derived in mathe

matical terms. Since the calibration (cal) technique must be understood 

before the statistical formulas will be meaningful, the order of presentation 

is (a) calibration of gages, (b) statistical data acquisition, and (c) statis

tical data reduction. 

Calibration of gages 

40. The linear gages are calibrated to input three voltage levels that 

relate gage voltage outputs to engineering units. The first two levels, cali

bration reference (cal ref) and calibration step (cal step), usually are input 

reference voltages that replace the gage (via a switching network) as input to 

the microcomputer. The difference between these two voltages is equivalent to 

a given engineering value span and is used to obtain the slope term m in the 

linear equation of a line: 
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y=mx+b 

where y is in engineering units, x is the A/D reading, and b is the 

y-intercept value. 

m= Cal Step Engineering 
Cal Step A/D Reading - Cal Ref A/D Reading 

(1) 

(2) 

where m is the ratio of engineering to A/D reading units. The third voltage 

level is the output of the gage under no excitation. This value is usually 

equivalent to some known engineering value (normally zero). Another way of 

writing Equation 1 is 

where 

y - m(x - x ) + y 
0 0 

y - unknown engineering value 

x - acquired A/D value representing a data point 

X 
0 

- acquir~d gage output corresponding to a known engineering value 
(PRETEST A/D) 

(3) 

= known engineering value corresponding to an acquired gage output 
x 

0 
(PRETEST ENG) 

All necessary information is therefore available to the microcomputer to com

pute the engineering value of any gage reading. The voltages all pass through 

the same electronic circuitry, so the computation technique is independent of 

any gains or offsets occurring in the ADC circuitry (as long as linearity is 

propagated throughout). 

41. Unfortunately, some gages are known to give a certain engineering 

value at zero volts o~t, but do not return to a known state when unexcited. 

In these cases, the known point is used for 

unexcited output. To accomplish this, the 

x and 
0 

cal ref is 

y
0 

rather than the gage 

forced to be ground and 

the cal ref is used as x • This assures that any offset in the ADC cir-
o 

cuitry is not a factor. The disadvantage is that an offset in the gage cir-

cuitry prior to the cal/gage switch point becomes a source of error (so any 

amplifiers in the gage circuit must be accurately zeroed). For further 

discussion the three calibration voltage levels will be referred to as 
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(a) reference, (b) step, and (c) pretest. With some gages, pretest zero is 

ignored (computed for printout, however) and cal ref is used in its place in 

Equation 3. The slope m will be referred to as RATIO. 

Statistical data acquisition 

42. To reduce memory requirements, each individual data point is not 

saved. The sum, maximum, minimum, and sum of the squares of the n data 

points are saved for each gage. To save time and increase accuracy, these 

values are computed and saved in the 12-bit binary form as it is read from the 

ADC. The conversion to engineering units occurs after the data acquisition 

period but prior to printout or plotting. If the ratio of engineering values 

to A/D values is negative, the minimum A/D value is used to compute the maxi

mum engineering value (conversely). The maximum and minimum values are ob

tained from one data point (rather than the average of several) and are 

converted by Equation 3. For future discussion, the sum of n data points 

will be referred to as SUM. The sum of the squares of n data points will be 

referred to as SUMSQ. 

Statistical data reduction 

43. The statistical values computed are rms, mean, and standard devia

tion (SD). These values are desired in engineering units. The values cannot 

be computed in A/D readings and then calibrated by Equation 3. The values 

should be converted to engineering units and then "plugged" into statistical 

equations. Unfortunately, the actual data have been lost and only overall 

values of SUM and SUMSQ are available in A/D units. These values are all that 

are needed if the equations are derived in terms of these values. 

44. To compute the rms, begin with this equation (Bowker and Lieberman 

1972): 

n 1/2 

rms- l 
i=1 

(4) n 

where 
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where 

yi = engineering units of the subsequent data value 

xi = corresponding A/D value 

Substituting Equation 3 for yi yields 

n 1/2 

rms- 2 
i=1 

Squaring the substitution for yi yields 

n 2 2 2 2 2 2 
m xi+ 2(my

0 
- m x

0
) xi+ y

0 
+ m x

0 
- 2mx

0
y

0 

n rms- 2 
i=l 

(5) 

1/2 

(6) 

Removing the summation term by substituting the available data values yields 

1/2 

rms-

where cl ' c2 , and c3 are constants defined as follows: 

and 

c3 - ~RETESTENG)2 + (RATI0)
2 ~RETESTA/D) 2 

- 2(RATIO) 

X ~RETESTENG) (PRETEST A/D) 

c1 - (RATI0)
2 

c2 = 2 ~RETESTENG) (RATIO) - (PRETEST A/D) (RATIO) 
2 

(7) 

(8) 

(9) 

(10) 

45. To derive the equation for standard deviation, assume that n is 

large enough so that 

(Bowker and Lieberman 

' 
n may be substituted for n - 1 in the exact equation 

1972): 
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to give the expanded equation 

1 -
2 

2 
n 2 

n 

L: 2: . ., 
xi xi 

i=1 i=1 
SD -

n n 

Substituting the previously found rms value and the sum term yields 

SD -

where 

2 
(rms) -

[(RATIO)(SUM) + (n)(C4)] 2 

2 
n 

1/2 

To derive the equation for MEAN (Bowker and Lieberman 1972), begin with 

n 

MEAN - L: ·~ 
i=1 n 

and substitute to yield 

MEAN = [ (SUM) ~RATIO)] + C
4 

with c4 as previously defined. 

Arithmetic Board Driver 

(11) 

(12) 

(13) 

(14) 

(15) 

46. The arithmetic board performs most of the necessary mathematical 

operations. To cause the arithmetic board to perform its inherent 
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mathematical functions, software simply outputs data to the data port, outputs 

a command to the command port, checks for the "operation complete" bit of the 

status port, and inputs data from the data port. 

Fixed-point numbers 

47. Fixed-point multiplication and division routines were first written 

in software using the Z80A double-add and double-subtract instructions; how

ever, after addition of the AMD9511 chip to the circuit, these routines were 

replaced by hardware. The AMD9511 chip handles both 16- and 32-bit "two's 

complement" binary integers. It has conversion routines between these two 

formats and its 32-bit floating-point format. 

Floating-point numbers 

48. All floating-point mathematical operations are done by the AMD9511 

chip. The AMD9511 chip acts as a scientific calculator on a chip in that it 

has, in addition to the common arithmetic operations, many of the transcen

dental functions (trigonometric, logarithmic, etc.). A number of software 

routines had to be written to utilize the chip effectively. Routines were 

written to convert from 12-character ASCII (P format) to 32-bit floating point 

and vice versa. These routines utilize the AMD9511 for most of the mathemati

cal operations. The 32-bit integer format is used for conversion operations 

dealing with the mantissa to maintain maximum precision through the additional 

guard bits. A powers-of-10 table spanning from -20 to +19 is used during the 

conversion process. The ASCII to floating-point conversion routine (ASCFLT) 

multiplies each of the BCD digits of the mantissa by a power of 10 (32-bit 

integer) from 5 to 0 from left to right and sums the results. The sum is then 
-5 converted to floating point and multiplied by 10 to complete the mantissa. 

The value of the exponent is obtained from the table. The table entry is then 

multiplied by the mantissa and the sign changed, if necessary, to give the 

final number. 

Plotter Driver 

49. A National Semiconductor INS8250 UART (with external TTL to EIA 

level converters) was added in a blank area on the arithmetic board (the board 

had already been modified extensively in connection with this project) because 

the plotter requires an RS232C interface. The INS 8250 UART has 10 internal 

registers to allow programmable versatility. The UART is initialized to 

2400 baud (via the Z80A output commands) by the subroutine UARTIN. 

35 



Random Data Sampling and Analog Filtering 

50. Two undesirable phenomena may occur when a continuous phenomenon is 

sampled at a constant interval: aliasing and hidden oscillations. Aliasing 

involves the folding of energy at a given frequency back to a lower frequency. 

Hidden oscillations involve the total loss of energy at a particular fre

quency. The first phenomenon is shown in Figure 11, the second in Figure 12. 
~· 

Figure 11. Aliased data 

CONTINUOUS INPUT/ 

Figure 12. Hidden oscillations 

51. These two undesirable phenomena may be prevented by three methods: 

(a) sampling the highest input frequency at least twice, (b) varying the sam

pling period randomly, or (c) low-pass analog filtering of the signal prior to 

digitization to reduce its highest frequency to less than half that of the 

sampling rate. A frequency investigation was performed to determine levels of 

extraneous noise. Analog bypass filters were installed accordingly (Fig-

ure 3). Digital filters are of no use at this stage because the harm is 

already done by the time they are implemented. High-frequency components were 

present in the signals coming from the gages such that sampling at least twice 

the highest input frequency was impossible . The highest sample rate of the 

ADC was 100,000 samples per second, which, when divided by the number of chan

nels multiplexed, turned out to be lower (per channel) than twice the noise 
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frequency (per channel). All of the high-frequency components could have been 

removed by analog low-pass filters placed between the gages and the computer's 

multiplexer inputs, but the investigation results indicated that some of these 

components were of interest. Sampling method (a) was investigated varying the 

sampling period. Since aliasing and hidden oscillations are caused by a con

stant digitizing frequency, "beating," or heterodyning of twice the digitizing 

rate with the data frequency yields the 

alias frequency - data frequency - 2 x digitizing rate 

The terms beating or heterodyning are borrowed from communications theory 

where a local oscillator (LF) "beats" with a higher frequency input radio 

signal (RF) to produce two output frequencies. 

OF1 - RF - LF 

and 

OF2 = RF + LF 

(16) 

(17) 

(18) 

OF1 is an intermediate lower frequency (IF) that can then be processed by a 

band-limited tuner. 

52. Since aliasing occurs because of a constant sampling interval, one 

way to prevent it is to make the sampling interval vary randomly. The more 

the sampling interval approaches a Gaussian distribution, the less likely 

aliasing is to occur. The time needed to sample a test would have increased 

significantly if a band-limited Gaussian-type sampling arrangement had been 

provided by mathematically varying the sampling interval based on a random 

number generator. The floating-point "multiply and addition routines" used by 

the microcomputer varied considerably in time required for computation with 

the magnitude of the numbers multiplied or added. The sampling interval was 

caused to vary randomly by dynamically computing the sum, sum of squares, 

maximum, and minimum while the data were being collected and by sampling the 

next point as soon as the sum, sum of squares, maximum, and minimum were up

dated by the previous point. The effectiveness of this technique for use with 

pump sump data was verified experimentally. Data were collected on analog 
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tape and the same analog signal was applied to both high-speed (twice the 

highest input frequency) sampling and the low-speed random method proposed. 

Statistical analysis of sampled records from the two approaches showed them to 

yield results with less difference than the inherent error of the gages being 

used. Therefore the random sampling approach was chosen for this project. 

53. Statistical analysis is somewhat immune to bias due to aliasing 

because frequency is of little concern unless it is low enough that only a 

portion of a cycle is included in the sample record. The results are biased 

if only a portion of an aliased cycle is used in statistical calculations. 

The more serious problem is the hidden oscillation phenomenon where sampling 

data of a frequency that is an exact harmonic of the sample rate produces a 

zero order bias (DC). Random sampling is a time-proven statistical method for 

removing bias when choosing a representative sample record from an ensemble. 

The central-limit theorem could be applied to the method used on the pump sump 

project to produce randomness of sample interval. It could be stated in this 

application, since the distribution of the sum of a sufficiently large number 

of random sample intervals tends to be Gaussian, even if the distributions of 

the individual random sample intervals are not Gaussian. In the pump sump 

program, the overall statistical values are produced from 2 ,500 individual 

random sample intervals, a large enough number to cause the distribution of 

the sample intervals to approach Gaussian. For example, consider that 50 

groups of 50 sample intervals have their distributions summed; the sum would 

approach a Gaussian distribution. Therefore the sample method used should 

tend to remove bias due to hidden oscillations quite effectively. 

Randomly Ordered Data 

54. Both the MJ chord algorithm (used for curve fitting) and the low

pass digital filter (used for curve smoothening) require ordered input (i.e., 

XI_1 < X1 < ~+1 < ~+2) • The pump sump data as acquired are not always 

ordered. Generally, the data are not reordered physically; rather, an order 

buffer is created and consulted by algorithms to obtain points indirectly in 

an ordered manner. An assembly language subroutine called ORDER searches the 

buffer to be used as the abscissa (one point at a time) comparing each point 

with all previously order-determined points. It then adjusts the order buffer 

values, causing the new point to take on the index value of the point 
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immediately larger and all points with greater than or equal index values to 

have their respective indexes incremented by one. The routine is quite gen

eral in that it can accept any input buffer, nonmultiplexed or multiplexed in 

any manner, with the first point at any depth in the buffer. The MJ and 

FILTER routines then use the index from the order buffer to compute the rela

tive buffer depth for obtaining abscissa and ordinate values. This technique 

assumes that the values in the two buffers are ordered the same. The buffers 

can otherwise be structured differently by calling the address calculating 

subroutines XCALC and YCALC. XCALC calculates the address of X from 

XADD = XBUFF + 4 [(XFRST + XMUX)(XDEPTH~ (19) 

where 

XADD = address of the location in which X is stored 

XBUFF - base address of the X buffer 

4 - number of bytes occupied by each X value 

XFRST = buffer index of the first X point 

XMUX - number of channels multiplexed 

XDEPTH - index value from the order buffer 

The subroutine then fetches the value of X and returns it to MJ or FILTER. 

YCALC calculates the address of Y in a similar manner, fetches Y , and 

returns it to MJ or FILTER. The Y address is calculated from 

YADD = YBUFF + 4[(YFRST + (YMUX)(XDEPTH~ (20) 

where 

Y~D - address of the location in which y is stored 

YBUFF - base address of the y buffer 

YFRST - buffer index of the first y point -
nruoc - number of channels multiplexed 

Note that in both cases, XDEPTH is an integer between 0 and N-1 , where N 

is the number of points in the order buffer. 

Curve Fitting 

55. The previous curve-fitting technique was based on the adjustment of 
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data points to evenly spaced discharge increments for subsequent input to a 

nonrecursive digital filter similar to the one used presently as well as with 

the original MJ chord algorithm (which worked only with evenly spaced points). 

The projection of the data was planned to be accomplished by linear extrapola

tion at each end of the input data, and by linear interpolation where data 

points were available on either side of the evenly spaced increment. Due to a 

programming error, however, projection was always done by extrapolation using 

the two preceding data points. Rather than just correct the programming er

ror, which would only partially solve the less than satisfactory fit problem, 

it was decided to modify both the filter and the MJ algorithm so that they 

would deal with the original data on its unevenly spaced increments. Also the 

previous method did not allow for randomly ordered data. It assumed data were 

always collected in descending order of discharge. During the rewrite, ran

domly ordered data were assumed in all algorithms, as described previously. 

56. During testing, data points are plotted as the data are acquired. 

The printer/plotter then fits a curve through the data points, after the com

plete test is finished, using the MJ chord algorithm. This a lgorithm uses a 

separate cubic polynomial to describe the curve through a series of intervals. 

The slope of the approximating function for each interval is controlled at 

both ends of the interval by interpolation routines and causes the concatena

tion of cubic polynominals to be a continuous function. The use of the MJ 

chord algorithm resulted in improved curve fitting over the previously used 

least squares method. The MJ chord algorithm method of curve fitting is a 

recent development and may require additional refinements for this applica

tion. A more comprehensive explanation of the MJ chord algorithm and inter

polation routine for this project is contained in a separate report (McCleave 

1984). 

Curve Smoothening by Digital Filtering 

57. Pump sump data are digitally filtered by an elementary nonrecursive 

filter prior to input to the MJ chord algorithm. It uses the present point 

and the point to either side of the present point and sums their weighted 

values to produce a filtered point that is a weighted average of the three. 

The higher the weight applied to the present point with respect to the weights 

applied to the points on either side, the less the data are filtered. If the 
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sum of the three weights is one, the gain of the filter is one. The filter 

used averages the weighted point prior to the present one with the weighted 

point after the present one. It then weights this value and sums it with the 

weighted present point. The sum of these two weights is one for unity gain. 

The computer operator has control of the selection of these two weights. The 

first weight a is applied directly to the present point (e.g., a values 

approaching 1 imply less filtering while a values approaching 0 imply more 

filtering). The other weight B is weighted by the relative distance the two 

neighboring points are away from the present one to derive the portion of B 

to be applied to each of these two points. A more comprehensive explanation 

of the digital filtering used with this project is contained in a separate 

report (McCleave 1984). 

' 
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PART V: SUMP EVALUATION TECHNIQUES 

Pump Performance 

58. Procedures are discussed and illustrated for data analysis and com

parison of sump performance based on six pump parameters: discharge, head, 

efficiency, horsepower, vibration (velocity), and noise for each of the three 

vertical -..propeller pumps. Relative pump performance is used as an indicator 

of sump performance. A schematic, typical of the three pumps used (Fig-

ure 13), indicates the various heads and dimensions used in computing pump 

performance as shown in Figure 14. Five pump parameters are measured for each 

pump relative to various discharges and plotted as shown in Figure 14. The 

solid lines in the plot represent the pump signature curves which were ob

tained with a base (signature) sump design that provided a submergence S 

(Figure 13) of 3.1 ft and evenly distributed approach flow to the pump intake. 

The dashed lines in the plot represent the pump performance curves obtained 

with a test approach and sump design. The position and amount the test curves 

vary from the signature curves indicate the test approach and sump hydraulic 

effect on pump performance relative to the signature sump. A comparison of 

the test and signature curves over a range of discharges permits a qualitative 

evaluation of the hydraulic performance of the test sump relative to the 

signature sump. 

59. Typical test results are analyzed to illustrate how the pump per

formance curves were obtained and how a test curve is compared with a signa

ture curve. The basic data used for this sample analysis, obtained from the 

model by means of meters and gages, are listed by the printer/plotter in Fig

ure 15 (underlined) and are also tabulated in Figure 16. An analog plot of a 

typical signal detected by the microcomputer (Figure 17) shows the type of 

values measured. The performance curves for vibration (velocity) and noise 

(Figure 14) were obtained by plotting the calculated rms values for noise 

(Figure 16), and the maximum values FMAX (Figure 16) for vibration versus 

discharge. The values listed under vibration (max) and noise (rms) in Fig

ure 16 provide one point on their respective performance curves as indicated 

by the vertical dashed line in Figure 14. The values of the parameters that 

define the performance curves for head, efficiency, and power delivered to the 

pump were developed by the microprocessor from the basic data and are listed 
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READ:DISC - :SUBME-aSTATICIVELOC: TOTALaTORGUEaVOL-~CUR-IMOTOR1SHAFT1WATER1MOTOR1PUMP1SHAFTaVELOCJTY 1 HOISE aPRESSURE 
HO. aHARGEaRGEHCE: HEAD a HEADa HEAD a aTAGEaREHT1POWER1POWER1POWERrEFF. 1EFF.1SPEEDaRMS a MAMa RMS aMIH a MAM 

: GPM a FEET 1 FEET 1 FEETa FEET 1 FT•LB1VOLT1AMPSa HP 1 HP a HP 1 X 1 X a RPM alPS 1 IPSa PSI aFEET1FEET 

1 3036 3.10 
1 3036 3.10 
1 3035 3.10 
1 3036 3.10 
1 3037 3.10 
2 2793 3.10 
2 2794 3.10 
2 2792 3.10 
2 2790 3.10 
2 2797 3.10 
3 2601 3.10 
3 2601 3.10 
3 2605 3.10 
3 2605 3 . 10 
3 2605 3 . 10 
4 2385 3.10 
4 2384 3.10 
4 2381 3.10 
4 2389 3.10 
4 2386 3.10 
5 2210 3.10 
5 2210 3.10 
5 2208 3.10 
5 2208 3.10 
5 2212 
6 a 2092 
6 2092 

3.10 
3.10 
3 . 10 

6 2090 3.10 
6 2091 3.10 
6 20e8 3.10 

-1.63 
-1.67 
-1.66 
-1.66 
-1.67 
3.62 
3.66 
3.62 
3.68 
3.60 
7.73 
7.75 
7.73 
7.74 
7.75 

11 . 22 
11.23 
11.19 
11.22 
11.23 
14.22 
14.26 
14.26 
14.23 
14.26 
16.17 
16.16 
16.16 
16.17 
16.23 

2.39 5.858 
2.39 5.812 
2.39 5.827 
2.39 5.830 
2.39 5.813 
2.02 10.749 
2.03 10.787 
2.02 10.750 
2.02 10.804 
2 . 03 10.732 
1.75 14.586 
1. 76 14.613 
1.76 14.590 
1. 76 14.607 
1. 76 14.618 
1.48 17.804 
1. 4 7 17.810 
1. 4 7 17. 767 
1. 48 17.807 
1. 48 17.815 
1. 27 20.595 
1. 27 20.630 
1.27 20.627 
1. 26 20.595 
1.27 20.629 
1.14 22.411 
1.14 22.400 
1.13 22.402 
1.13 22.405 
1.13 22.460 

33.42 
33.54 
33.57 
33.49 
33.41 
36.98 
36.94 
36.98 
37.08 
36.98 
39.57 
39.55 
39.61 
39.58 
39.62 
41.94 
41.92 
41.89 
41.96 
41.86 
43.00 
43.07 
43.04 
43.02 
43.07 
43.56 
43.58 
43.54 
43.52 
43.62 

TEST RUH HO . 100-J94-018-3.1 2 JUL 82 

478 15.9 17.68 11.30 
478 16.0 17.70 11.34 
478 16.0 17.71 11.34 
478 15.9 17.67 11.32 
478 15.9 17.67 11.29 
477 16.4 18.12 12.50 
477 16.4 18.11 12.48 
477 16.4 18.12 12.50 
477 16.4 18.13 12.53 
477 16.4 18 . 11 12.50 
479 16.6 18.51 13.37 
479 16.6 18.51 13.37 
479 16.6 18.51 13.39 
479 16.6 18.51 13.38 

4.50 63.89 39.8 
4.46 64.06 39.4 
4.47 64.07 39.4 
4.47 64.03 39.5 
4.46 63.89 39.5 
7.59 68.96 60.7 
7. 62 68. 94 61. 0 
7.59 68.96 60.7 
7.62 69.15 60.8 
7.59 69.00 60.7 
9.59 72.25 71.7 
9.61 72.22 71.9 
9.61 72.31 71.8 
9.62 72.29 71.9 

479 16.7 18.51 13.39 9.63 72.35 71.9 
480 17.0 18.93 14.17 10.73 74.89 75.7 
480 17.0 18.92 14.17 10.73 74.87 75.8 
480 17.0 18.92 14.16 10.69 74.82 75.5 
480 17.0 18.93 14.18 10.76 74.89 75.9 
481 17.0 18.92 14.15 10.75 74.77 76.0 
480 17.1 19.07 14.53 11.51 76.20 79.2 
480 17.1 19.07 14.56 11.53 76.33 79.2 
479 17.1 19.06 14.55 11.52 76.33 79.2 
479 17.1 19.05 14.54 11.49 76.31 79.1 
479 17.1 19.06 14.56 11.53 76.39 79.2 
480 17.2 19.12 14.72 11.86 76.99 80.5 
480 17.2 19.13 14.73 11.85 77.00 80.4 
480 17.2 19.13 14.72 11.84 76.93 80.4 
480 17.2 19.13 14.71 11.84 76.87 80.5 
480 17.2 19.16 14.74 11.86 76.95 80.4 

1775 .044 .137 .000062 3.49 3.74 
1775 .040 .119 .000061 3.60 3.73 
1775 .040 .113 .000060 3.56 3.74 
1775 .041 .123 .000060 3.47 3.72 
1775 .040 .109 .000060 2.97 3.73 
1775 .038 .100 .000053 3.10 3.69 
1775 .035 .088 .000054 3.58 3.72 
1775 .042 .120 .000053 3.37 3.70 
1775 .041 .117 .000052 3.60 3.71 
1775 .043 .144 .000057 3.58 3.71 
1775 .040 .100 .000045 3.25 3.72 
1775 .041 .102 .000045 3.58 3.70 
1775 .044 .125 .000048 3.59 3.72 
1775 .037 .101 .000049 3.49 3.71 
1775 .042 .119 .000048 3.61 3.71 
1775 .045 .134 .000047 3.52 3.71 
1775 .036 .097 .000041 3.63 3.72 
1775 .038 .143 .000043 3.62 3.72 
1775 .049 .150 .000046 3.58 3.72 
1775 .050 .127 .000049 3.61 3.70 
1775 .045 .135 .000041 3.39 3.72 
1775 .038 .115 .000045 3.21 3.70 
1775 .043 .111 .000046 3.60 3.72 
1775 .041 .117 .000043 3.55 3.73 
1775 .047 .139 .000046 3.46 3.74 
1775 .039 .102 .000045 3.61 3.71 
1775 .054 .138 .000049 3.54 3.71 
1775 .040 .106 .000048 3.63 3.72 
1775 .040 .100 .000041 3.56 3.72 
1775 .042 .097 .000046 3.58 3.73 

Figure 15. Research data; pump 1, Test J94, ·sump 018, submergence 3.1 ft 



BASIC DATA 

PUMP 1, TEST J94, SUMP 018, SUBMERGENCE 3.1 ft 

READING NO. 6a 

VARIABLE SYMBOL MAGNITUDE UNITS 

DISCHARGE Q 2092 GPM 

SUBMERGENCE s 3.10 FT 

PRESSU~E (STATIC HEAD) H 16.17 FT 

SHAFT TORQUE T 43.56 FT-LBS 

VOLTAGE E 480 VOLTS 

CURRENT I 17.2 AMPS 

SHAFT SPEED n 1775 RPM 

PUMP COLUMN VIBRATION (RMS) FRMS 0.039 IN/SEC 

PUMP COLUMN VIBRATION (MAX) FMAX 0.102 IN/SEC 

fi/IN2 NOISE N 4.5 

PRESSURE (MINIMUM) PMIN 3.61 FT 

PRESSURE (MAXIMUM) PMAX 3.71 FT 

Figure 16. Basic data 

DATUM 
0 0 

Figure 17. Typical analog record not to scale 
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VALUE 

MEAN 

MEAN 

MEAN 

MEAN 

MEAN 

MEAN 

MEAN 

RMS 

PEAK 

PEAK 

PEAK 



COMPUTED VALUES 

PUMP 1, TEST J94, SUMP 018, SUBMERGENT 3.1 FT 

READING NO. 6a 

VARIABLE SYMBOL MAGNITUDE 

VELOCITY HEAD H 1.14 v 
TOTAL PUMP HEAD H 22.4 

POWER DELIVERED TO DRIVER (MOTOR POWER) p 19.1 

POWER DELIVERED TO PUMP (SHAFT POWER) p 14.7 

PUMP POWER OUTPUT (WATER POWER) p 11.8 

DRIVER (MOTOR) EFFICIENCY n 77 

PUMP EFFICIENCY n 80 

Figure 18. Computed values 

UNITS 

FT 

FT 

h p 
h p 
h p 

DIMENSIONLESS 

DIMENSIONLESS 

in Figure 15 (underlined) and are tabulated in Figure 18. The following equa

tion illustrates how the basic data are utilized by the microcomputer to com

pute pump head, horsepower, and efficiency: 

where 

where 

A = ~r2 = ~(0.417) 2 = 0.545 ft
2 

V = g = 2,092 gpm x 

A 0.545 ft 2 

3 1 ft /sec = 8.55 ft/sec2 
448.30 gpm 

2 
A= inside area of discharge conduit, ft 

V - average velocity in discharge conduit, ft/sec 
3 Q - discharge in conduit, ft /sec 

H _ i_ = ..:..8 .:..:· 5:...;:5;__::..f..;...t =-' s:;....e_c-=-
2 

= 1 • 14 f t 
v 2g 64.4 ft/sec2 

H = velocity head in 
v 
g = acceleration due 

discharge conduit, ft 
. 2 to grav~ty in ft/sec 
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H=H -H =H +H +H; 
d s pd vd zd 

H 
s 

assumed = H z 
s 

(24) 

H = H + H + 7.6- H = 16.17 ft + 1.14 ft + 7.6 ft- 2.5 ft- 22.4 ft (25) 
Pd vd zs 

where 

where 

._, H = total pump head, ft 

Hd = discharge head, ft 

H - suction head, assumed to 
s 

equal H 
z 

s 
H = static head in discharge 

pd 
conduit, ft 

H = velocity head in discharge conduit, ft 
vd 

H = vertical distance from datum to water surface, ft 
zd 

H = elevation head, ft 
z 

s 

P = V'f E I = -V3 0 480 kV 17 • 2 amps - 19 .1 hp 
i 0.746 • 0.746 

Pi = power delivered to driver, hp 

E = voltage, kV 

I = current, amps 

(26) 

p 
s 

Tw 
550 

_ 43.56 ft-lb x 1,775 rpm x 1 minx 2nrad x 1 hp _ 
550 ft-lb 14.7 hp (27) 
---- x 60 sec x 1 rev sec 

where 

p 
w 

P = power delivered to pump, hp 
s 
T = shaft torque, ft-lb 

~ = angular rotation, rad/sec 

- yQH 
550 

62.4 lb/ft3 
X 2,092 gpm X 22.4 

550 ft-lb X 448 •8 sec 
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ft x (1 hp)(ft3/sec) _ 

gpm 
11.8 hp (28) 



where 

p 
w 
y 

Q 

where 

nd 
p 

s 
pi 

where 

- pump power output, 

- specific weight of 

discharge, 3 - ft /sec 

- driver efficiency, 

- power delivered to 

- power delivered to -

hp 

water, 

100 

lb/ft3 

- 14.72 hp-
19.1 hp 

dimensionless 

pump, hp 

driver, hp 

77% 

100 ( 11 •8 hp) - 80% 14.7 hp 0 

is the dimensionless pump efficiency. 

(29) 

(30) 

A visual comparison of the test curves with the signature curves in 

Figure 14 permits an evaluation of how the pump performs in the test sump rel

ative to the signature sump. A more precise comparison of the test curves 

with the signature curves is provided in Figure 19. The data in Figure 19 

indicate, for discharges between 1,500 and 2,500 gpm, the amount each test 

curve deviates above and below each signature curve and the maximum and mini

mum values for each test curve. With visual inspection of the test relative 

to the signature curves in Figure 13 or the values in Figure 19, a sump could 

be evaluated as indicated in Figure 20. 

61. Results tabulated in Figure 20 indicate no definite trend, and the 

test curves only slightly deviate from the signature curves. Therefore, based 

on pump performance, it can be concluded that the test sump for the estab

lished conditions creates no disturbances that affect the performance of the 

pump. 

Visual Observations, Current Velocities, 
and Pressure Fluctuations 

62. Visual observation of subsurface current flow patterns and 
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TEST RUH HO. 100-J94-0t8-3.1 2 JUL 82 . ALL MEASUREMEHTS BETWEEN. DISCHARGE Of 1500 & 2500 GPM 

PUMP 1 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CU.VE MAX UJUM VALUE . ~ - ! IGPM 

I 
MIHIMUM VALUE I IGPM I i I 

VELOCITY 5.2847 IPS•GPM .2612 IPS•GPM .134251 IPS :1500 
! 

GPM .106275 IPS :1900 
! 

GPM 

TOTAL HEAD 101.90 FT•GPM 8.72 FT•GPM 28.11590 FT !t5oo GPM 16.1816~ FT i2500 GPM 
• 

PUMP HOISE .00000 PSI•GPM .00263 PSI•GPM .0000569 PSI · f1soo GPM .0000444 PSI .! 2250 GPM 

itBBO 
.· 

i2SOO SHAfT POWER 53.954 HP•GPM .000 HP•GPM 14.80910 HP GPM 13.77360 HP GPM 

PUl1P EFFICIENCY 130.97 1 • GPM 78.JO I • GPM 80.51590 1 :2040 
I 

GPM 73.33090 I :t5oo 
I 

GPM 

PUMP 2 
I l 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I IGPM MINIMUM VALUE I IGPM : I 
I 

VlLOCITY ; ; 
! l 

TOTAL HEAD • : • ! I 

PUMP HOISE • I 

• • • • 
SHAFT POWER • I 

I I 
I I 

PUMP EffiCIEHCV I I 
I I 
I I 

PUMP 3 
AREA ABOVE BASE CURVE I I 

PARAMETER AREA BELOW BASE CURVE MAXIMUM VALUE I IGPM MIHIMUM VALUE I IGPM I I 
I I 

VELOCITY ; : 
: ~ 

TOTAL HEAD ; : 
! ! 

PUMP HOISE I I 
I I 

! ! 
SHAfT POWER I .. I 

I I 
I I 

PUMP EffiCJEHCY I I 
I I 
I I 

Figure 19. Statistical comparison, pump 1, Test J94, sump 018, submergence 3.1 ft 



SUMP PERFORMANCE 

PARAMETER SUMP PERFORMANCE RELATIVE TO SIGNAtURE CURVES 

VELOCITY 
TOTAL PUMP HEAD 
PUMP NOISE 
SHAFT POWER 
POWER EFFICIENCY 

BETTER WORSE 

YES 
YES 

YES 

YES 

YES 

Figure 20. Sump performance 

NO CHANGE 

turbulence by injection of dye or other flow indicators is a proven method for 

evaluating approaches to sumps and sump performance. Surface flow patterns 

approaching the pump intakes are traced with confetti sprinkled on the water 

surface. 

63. Surface and subsurface (submerged) vortices (Figures 21-23) are 

SURFACE 
VORTEX--+--~ 

SURFACE 
VORTEX-~ 

FLOW ..,.. 

SECTION A- A 

FLOOR VORTEX ---e;=:. 

PROFILE 

SIDEWALL 
VORTEX 

BACKWALL 
VORTEX 

SIDEWALL 
VORTEX 

SURFACE AND SUBMERGED VORTICES 

o+ 

STAGES IN DEVELOPMENT 
OF SURFACE VORTEX 

Figure 21. Typical vortices and stages 
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Figure 22. Type 2 sump, pump 1, discharge 1,300 gpm, submergence 1.3 ft 



.... 
fFLOOR VORTICESt~_.,•-. 

Figure 23. Submerged vortices 

observed through the transparent sidewalls. The stages used in evaluation of 

air-entraining surface vortices are shown in Figure 21. The stages C, D, and 

E surface vortices are considered unacceptable. 

64. Flow distribution in the approach to the sump and in the sump it

self was determined by measuring current velocities with a velocity meter 

Pitot tube and turbine current meter. These measurements are not made for all 

tests but can be very helpful when a change of pattern occurs in a series of 

tests or if other investigation parameters indicate a necessity for them. 

65. Pressure fluctuations at each pump intake were measured by a 

0.25-in.-diam electronic pressure cell (Figure 24) mounted flush with the 

floor of the sump directly below the center line of the pump Lolumn. It has 

been established that pressure fluctuations greater than 4 ft are 
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PLAN 

~PRESSURE TRAN 
(0.25-IN. DIA 

SDUCER 
M) 

~ 

I 

I 
f-oiW PUMP INTAKE 

I 

~ 
D .. 

I ~PRESSURE TRANSDUC 

ELEVATION 

Figure 24. Pressure cell location 

ER 

unacceptable. A typical test for a given design consisted of setting a water 

level or submergence relative to the bottom of the suction bell. The pump 

discharge was set at its maximum 

(2,890 gpm) and reduced in various 

Q/gl/ 2DS/Z f i t 1 0 60 o approx ma e y • 

increments to approximately 0.15 gpm 

(lowest discharge investigated due to excessive pump vibrations and cavita

tion). The submergence was changed and the same procedure repeated. These 

tests permitted, for a given sump configuration or appendage, determination of 

values of various parameters relative to Q/g112n512 that preceded vortex 

development. 

66. Many considerations are involved in the determination of which 

types of testing techniques should be accomplished and at what stage of test

ing it should be done. Many times the answers may be obvious based on experi

ence in site-specific model testing and engineering judgment. At other times, 

opinions of district engineers and others with prototype experience are solic

ited. Sometimes unplanned trial-and-error testing provides solutions. 
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PART VI: SIMILARITY OF PUMP STATION MODELS 

Introduction and Objectives 

67. Pump station models will reproduce prototype conditions if consid

eration is given to the proper model size and method of model operation. The 

objective of this part is to provide guidance for the design and operation of 

pump station models. Pump station models are built geometrically similar and 

operated according to the Froudian criteria. This ensures that the flow dis

tribution approaching the pump intakes will be similar in model and prototype. 

However, surface vortices are one of the important items of study in a pump 

station model and surface vortices are affected by viscous forces. The rela

tively greater viscous forces present in scale models can inhibit surface vor

tex formation in the model. A wealth of information relative to surface 

vortex similarity can be found in the literature, particularly literature of 

the past 15 years. One more study comparing surface vortices in various modei 

sizes would be of limited value. An analysis of past surface vortex similar

ity work is needed to see if any general agreement can be found in achieving 

similarity of surface vortices in pump station models. That analysis is the 

first objective of this part. 

68. Submerged vortices, another important item of study in pump station 

models, have received little attention in past work relative to similarity be

tween model and prototype. This lack of attention may be due to the fact that 

submerged vortices are difficult to detect in prototype installations. The 

second objective of this part is to evaluate pertinent literature on submerged 

vortex similarity a~d to conduct a model investigation of various model pump 

sizes and compare the occurrences of submerged vortices in the different 

sizes. This study is applicable to vertical wet pit pumps of the propeller 

type. 

69. Swirl is a third important item of study in pump station models 

that has been shown to be affected by model scale. The third objective of 

this part is a review of the literature pertinent to similarity of swirl. 

70. References on pump station modeling cited in this report are pro

vided at the end of this report; references not cited in this report are 

included in the Bibliography. 
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Surface Vortices: Analysis of Pertinent Literature 

71. Similarity of surface vortices has been studied extensively to de

fine the magnitude of the scale effects and the size of model or method of 

operation required to obtain the best similarity between model and prototype. 

To offset the viscous scale effects, some investigators have used geometri

cally similar models but have operated these models at velocities greater than 

that required by the Froudian criteria even up to the prototype velocity. 

Amphlett (1978) developed a relationship between a circulation number and a 

radial Reynolds number that shows the effect of viscosity on vortex formation. 

This relationship allows determining whether a model is affected by viscous 

effects and how much the model Reynolds number (i.e. velocity) must be in

creased to achieve similarity with respect to vortex formation. Chang (1979) 

conducted vortex similarity tests in rectangular pump sumps and found signifi

cant scale effects with respect to formation of fully air-entraining vortices 

at model pump sizes less than 6 in. in diameter. A Froude-scale multiplying 

factor was developed that varied with floor clearance, submergence, and model 

size. Denny and Young (1957) reported on a limited comparison of model and 

prototypes that indicated similarity of air-entraining vortices is attained 

only when prototype velocities are used in the model. Durgin and Hecker 

(1978) discussed the three types of vorticity sources shown in Figure 25. In 

the first type, viscosity does not affect the vorticity flux to the inlet. 

The last two sources are influenced by viscosity and may be Reynolds number 

dependent. Durgin and Hecker go on to point out that the flow at the inlet 

itself is dependent on Reynolds number regardless of the sources of the vorti

city. Durgin and Hecker used elevated model temperatures and small increases 

in flow rate to achieve high model Reynolds number and found that the model 

I. O'FSET INTRODUCTION 

Figure 25. 
and Hecker 

-
11. VELOCITY GRADIENTS Ill. OBSTAUCTI.ON 

Sources of vorticity (from Durgin 
1978; courtesy of American Society 

of Civil Engineers) 
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indicated a relatively weak vortex at normal temperatures, but strong vortices 

were found at elevated temperatures and flow rates. They report tha~ a strong 

vortex is probably more dependent on Reynolds number than weak vortex activ

ity. Holtorff's (1964) theoretical development of vortex flow showed that 

velocities in excess of those required by Froudian scaling are required for 

surface vortex similarity. Haindl (1959) conducted vortex similarity tests 

over a limited range of sizes and concluded that Froude law is not valid for 

vortex similarity. Iversen (1953) conducted a model-prototype comparison of 

an 18.25-in.-diam prototype and a 6.375-in.-diam model pump intake. The per

centage of air drawn into the pump was compared, and the model percentage of 

air was considerably lower than the prototype. No results were presented com

paring the types of vortices present in the model and prototype. Zajdlik 

(1977) conducted tests with pump intakes in rectangular sumps and concluded 

that the amount of velocity increase required to obtain similarity with re

spect to initiation of vortices increases with increasing length ratio as well 

as with decreasing submergence. 

72. However, use of increased velocities in a free-surface model re

sults in violating the criteria necessary for the proper flow distribution and 

circulation approaching the pump intakes. Much of the developmental work in 

using increased velocities was conducted in circular tanks or straight rectan

gular pump sumps. It is likely that increased velocities do not significantly 

change flow distribution for these cases. Flow distribution in relatively 

complex sump geometries may be distorted by increased velocities. Spurr 

(1980) in his discussion of a paper by Tullis (1979) presents an additional 

factor to be considered when using increased velocities. According to Spurr, 

"If turbulence levels in a model are artificially high, 
I 

the over-all rates of diffusion could disproportionately 
increase. This, in turn, may hinder the initial organiza
tion of the vorticity within the upstream fluid shear 
layers ••• and prevent the formation of a vortex which may 
otherwise have formed, as well as to significantly reduce 
the ability of an already organized vortex to persist, or, 
even to diffuse the phenomena altogether." 

73. A second method of adusting scale models to account for increased 

viscous effects has been proposed by Jain, Raju, and Garde (1978). Instead of 

using increased velocities to offset viscous scale effects, Jain, Raju, and 

Garde propose a factor that is used to correct the submergence predicted by 

the model which is operated according to the Froudian criteria. This factor 
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K relates the required submergence for a prototype without scale effects to 

the submergence predicted by a model having scale effects. K is a function 

of both Reynolds and Froude numbers of flow in the pipe intake (Figure 26). 

The investigation of Jain, Raju, and Garde was conducted in a circular tank 

and may not apply to complex sump geometries. 

10 
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I 

Figure 26. Variation of submergence correction 
factor with Reynolds number and Froude number 
(from Jain, Raju, and Garde 1978; courtesy of 

American Society of Civil Engineers) 

74. The third method of accounting for scale effects in models is to 

find limiting criteria at which models must be built or operated to achieve 

similarity of surface vortices while operating a t Froudian velocities; only 

similarity of the type of vortex is needed. The relative size of the model 

vortices or amount of air drawn into the intake through the vortices is rarely 

important in pump station modeling. Anwar (1968) reported that similarity of 

narrow air cores or deep dimples does not depend on radial Reynolds number R 
r 

where 

if R 
r 

strong 

R 
r 

v = kinematic viscosity of water 

S - submergence 

- Q -vs 

i s greater than 10
3 

• Anwar also reported that similarity of a 

(31) 

vortex does depend on R 
r • Anwar's tests were conducted in a circular 
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tank with a vertically inverted pipe similar to a pump suction pipe. Anwar 

and Amphlett (1980) found that a nondimensional circulation parameter and 

air-core vortices formation become independent of fluid viscosity when the 

radial Reynolds number is greater than 3(10) 4 • Anwar and Amphlett conducted 

their study in a rectangular flume and included the extensive data collected 

by Chang (1979) whose work was also conducted in a rectangular sump. 

75. Daggett and Keulegan (1974) found that surface vortex formation be

comes independent of viscous effects at Reynolds number R' 

R' - g_ (32) 
rv 

where r is orifice radius if R' 4 is greater than 5(10) • Daggett and 

Keulegan conducted their tests in a circular tank with an orifice at the bot

tom of the tank. 

76. Hecker (1981) presented a model-prototype comparison of free

surface vortices. Of 19 projects where model studies were conducted with 

velocities scaled according to the Froudian criteria (where F , the model 
m 

Froude number, equals F , 
p 

the prototype Froude number), 5 exhibited stronger 

or more persistent vortices in the prototype than in the model. The remaining 

14 had model and prototype vortices essentially equal. Of three projects 

where model studies were conducted at F = 2 to 4.5 x F , two exhibited 
m p 

model and prototype vortices essentially equal and one exhibited vortices 

stronger in the model than in the prototype. Hecker's general findings were 

that final intake designs developed from Froude-scale models (large enough to 

satisfy criteria set forth by Daggett and Keulegan (1974) and Anwar and 

Amphlett (1980)) were vortex-free in the prototype and those having weak vor

tices in the model had weak vortices in the prototype. 

77. The submergence correction factor K developed by Jain, Raju, and 

Garde (1978) is shown to be equal to 1 (no scale effects) at a point that is 

dependent on both the model pipe Reynolds and Froude numbers (Figure 26). The 

investigation of Jain, Raju, and Garde was conducted in a circular tank with a 

drainpipe vertically down from the center of the tank. Blaisdell (1979), in 

his discussion of the paper by Jain, Raju, and Garde (1978), reported that to 

eliminate the effects of viscosity, models should be operated such that 
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where R and F are the Reynolds and Froude numbers of the pipe intake, 

respectively. 

(33) 

78. Pump station model studies at WES are conducted such that the pipe 
5 Reynolds number is greater than 10 and defined as 

where 

V - average velocity 

Vd 
R-

\) 

d - pump column intake diameter (not bell diameter) 

(34) 

79. Summarizing these various criteria for limiting Reynolds number for 

surface vortex similarity yields two separate criteria. Daggett and Keulegan 

(1974); Jain, Raju, and Garde (1978) (for F < 2 which includes most flood-
• 

control pumping stations); Blaisdell (1979) (F < 2), and WES guidance are 

essentially equivalent and can be expressed as 

Vd 
R - - must be 

\) 

The second limiting criterion that should be checked in determining model size 

is the radial Reynolds number as defined by Anwar and Amphlett (1980) 

R 
r 

- Q --vS must be > 3(10) 4 

Submerged Vortices 

80. The second objective of this investigation is an evaluation of 

similarity of submerged vortices. 

Review of literature 

81. Submerged vortices can occur on the floor, sides, and backwall 

(Figure 21) of a pump sump. Generally, they become less severe with increas

ing distance between the pump and the sump boundaries. According to Tullis 
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(1979) the floor vortex is found in most installations. Tullis reports that 

when circulation is present within the sump, the floor vortex is usually 

strong and stable. If flow is generally uniform with little circulation, the 

floor vortex can be unstable or possibly two vortices might exist with oppo

site rotation. Tullis reports that in models, the subsurface vortices can 

have sufficient strength that they self-aerate by drawing air out of solution 

due to the low pressure at their centers. This brings up the possibility that 

the observance in models of subsurface vortices may depend on the concentra

tion of dissolved gas in the water which may vary with such factors as 

temperature. 

82. Amphlett (1978) reports that submerged vortices are generally as

sociated with shallow submergence depth and high intake velocity. Chang and 

Laursen (1980) used a 45-deg floor fillet along the bottom of the backwall to 

reduce the potential for submerged vortices. 

83. Dicmas (1978) found that a vertical splitter installed between the 

sump backwall and suction bell was useful for breaking up submerged vortices. 

A suction cone was also found to eliminate submerged vortices almost com

pletely. Dicmas concluded that an approach velocity in excess of 2 ft/sec 

will encourage severe submerged vortices. Hattersley (1965) reports that sub

surface vortices can be eliminated by developing a sump system having zero 

swirl. 

84. This review of the literature has shown that submerged vortices are 

suspected of being detrimental to pump performance, and several methods of 

preventing them have been suggested by different investigators. However, the 

effects of scale on similarity of subsurface vortices is largely unknown. 

Model investigation 

85. A series of tests were undertaken to compare the occurrence of sub

merged vortices in various size models. Suction pumps with column diameters 

of 0.67 and 0.35 ft were used having suction bell diameters of 1.29 and 

0.68 ft, respectively. The test facility for the 1.29-ft suction pump is 

shown in Figure la. The test facility for the 0.68-ft suction pump is shown 

in Figure 27. Both facilities resulted in essentially zero swirl at the pump 

intakes. Sump and suction pump details are shown in Figure 28. Water was 

recirculated in the flumes by means of pumps, and discharges were measured by 

venturi and elbow meters. Submergence was varied from a mini~um of 0.5D above 

the suction bell to a maximum of 2.0D above the suction bell. Backwall, 
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sidewall, and floor clearances were chosen to ensure the formation of backwall 

and floor vortices. Discharge in the model was initially set high and 

gradually decreased until no submerged vortices were present. In this manner, 

the incipient conditions for both floor and backwall vortices were determined 

for each pump size and for a range of submergences. 

86. Submergence and discharge are presented 

by the terms S/D and Q/g112D512 , respectively. 

as dimensionless parameters 

Q/g1/ 2D5/ 2 is a dimen-

sionless ~arameter that is useful in describing the pump discharge. 

87. Test results are plotted in Figures 29 and 30 for bell diameters of 

1.29 and 0.68 ft, respectively. Also shown is the best-fit line for each pump 

size. A straight line assumption was made to simplify the comparison of the 

different sizes. 

88. During testing, large concentrations of minute air bubbles occurred 

in the 0.68-ft model; only a small concentration of bubbles occurred in the 

1.29-ft model. The reason these air bubbles occurred in the small flume and 

not in the large flume is likely due to the more rapid recirculation of the 

smaller volume of water in the 0.68-ft model. The effect of these air bubbles 

on formation of the submerged vortices was not known. Therefore tests were 

conducted with the 0.68-ft pump intake placed in the facility used for the 

1.29-ft pump. The appropriate sump width, floor clearance, and backwall 

clearance were used in these tests; results are shown in Figure 31. Signifi

cant differences are present between the 0.68-ft pump with and without the 

minute air bubbles. The minute air bubbles resulted in submerged vortices 

forming at much lower values of Q/g112D512 • A significant variation due to 

size is shown by a comparison of the 0.68- and 1.29-ft pumps without bubbles 

present in 
Q/g1/2DS/2 

the flume. The small pump required a much larger value of 

to form submerged vortices than did the larger pump. 

89. Dye was injected beneath the 1.29-ft pump intake to analyze flow 

patterns at values of Q/g112D512 below which the air-core floor vortices 

occur. The dye indicated that the rotating core of fluid is present at very 

low Values Of Q/g
1/ 2DS/Z i h i 11 i 1 i h i k even w t essent a y no sw r n t e pump nta e. 

Swirl 

90. Swirl is a general term referring to the rotation of flow as it 

travels up the pump column. Indicated swirl is quantified by measuring the 
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rotation of a zero-pitch vane placed inside the pump column. Hattersley 

(1965) found that swirl in a pump station model is accurately reproduced only 

when the model exceeds a critical value of the parameter RVlr where R is 

the model Reynolds number for the approach channel and f is the friction 

factor for the model approach channel walls. Hattersley's work was the only 

work found relative to similarity of swirl in pump station models, but recom

mended values of R~ were not given for a full range of model sizes. 

Hattersley also discusses the desirability of maintaining the same friction 

factor of the approach channel in the model and prototype. 

Discussion of Results and Conclusions 

91. Based on examination of the literature, the following results are 

presented regarding the appropriate modeling of surface vortices in pump sta

tions: 

a. The best representation of flow distribution is achieved by ..... 
utilizing large models operated at Froudian velocities. 

b. Model size should be checked against the following limiting ..... 

c • ..... 

criteria based on intake size and velocity: 

R - ~ > (10) 5 
v 

Model size should be checked against criteria developed by 
Anwar and Amphlett (1980) 

R - g_ > 3(10) 4 
r vS ..... 

d. Dimples and vortices with narrow air cores are less affected by 
scale effects than are fully air-entraining vortices. 

e. Increased velocities may significantly distort flow patterns 
and possibly inhibit vortex formation (Spurr 1980). Their use 
should include measured velocity distributions to show that 
flow patterns are not altered at exaggerated velocities. 

92. A search of the literature reveals that no information is available 

relative to modeling and scale effects of submerged vortices~ The following 

conclusions are presented based on this model investigation of submerged 

vortices: 
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a. The presence of minute air bubbles in the flow had a significant 
effect on the formation of submerged vortices. The presence of 
the air bubbles may be associated with high concentrations of 
dissolved air in the water. Submerged vortices in the 0.68-ft 

b. 

c. -

pump with air bubbles occurred at much lower Q/g
112n512 

than 
compared with either the larger 1.29-ft pump or the 0.68-ft 
pump without air bubbles. 

A significant variation due to model size is present. Compari
son of the 0.68-ft pump without the air bubbles and the 1.29-ft 
pump shows incipient submerged vortices at much larger 

Q/g112n512 in the smaller model. No evidence is available 
that shows that even the 1.29-ft pump accurately reproduces 
submerged vortices in larger prototypes. It is safe to say 
that if the 0.68-ft pump (which is close to the minimum size 
used in pump station models) will not reproduce the submerged 
vortices in the 1.29-ft pump, then the 0.68-ft pump is not re
presentative of submerged vortices in large prototype pumps. 
This deviation with model size is not surprising. Air-core 
submerged vortices are the result of a localized low-pressure 
zone that brings air out of solution in scale models and may be 
strong enough to form vapor cavities in large models and the 
prototype. This low pressure will decrease with an increase in 
model size. The absolute pressure at which air comes out of 
solution or at which vapor cavities form will not change with 
model size. From this analysis, it is seen that similar flow 
conditions in two different size models can easily produce 
air-core submerged vortices in the larger model that are not 
present in the smaller model. This leads to the possibility 
that there is no limiting model size which can be defined that 
is similar to the prototype with respect to incipient air-core 
submerged vortices. 

Dye injections show that the rotating core of fluid is present 

at low Q/g112n512 in sump installations where swirl is es
sentially zero. 

d. Pump station modeling should attempt to minimize the strength 
and occurrence of organized submerged vortex motion as indi
cated by dye injection. The criteria of no visible air-core 
submerged vortices should not be used. 

93. Swirl is another item of study in pump station models. Hattersley 

defines a parameter that can be used to determine if swirl is accurately re

produced. However, recommended values for a full range of model sizes are not 

available. 
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PART VII: PUMP INTAKE LOCATION 

Objective 

94. Tests were conducted to determine the optimum pump intake (suction 

bell) location relative to distance from backwall, sidewall, and floor that 

would permit the lowest submergence and maintain satisfactory operation 

without surface or submerged vortices. 

Test Facility 

95. The test facility was modified for the pump location tests. The 

modifications consisted of constructing a rectangular pump bay 24.0 ft long 

and 2.6 ft wide for pump 1. The rectangular approach to pump 1 was designed 

to provide uniform approach flow and permit testing of various discharges and 

submergences with the pump intake located various distances from the backwall, 

sidewall, and floor. 

Typical Test 

96. A typical test for a given pump location consisted of setting a 

maximum submergence S of 3.2 ft (2.48D) relative to the bottom of the suc

tion bell. The pump discharge was set at its maximum value of approximately 

2,895 gpm (Q/g112n5/ 2 - 0.6). The head pressure on the pump was increased in 

increments by closing a value in the discharge line. Vortexing conditions 

were identified visually at the corresponding decrements in discharge. The 

submergence was lowered in decrements and the procedure was repeated for each 

level of submergence. The tests for a given pump location allowed definition 

of flow conditions that induced submerged and surface vortices. 

Distance from Bell to Floor 

97. The distance from the bell to the floor F was investigated with 

the bell located O.OSD, 0.25D, O.SOD, and l.SOD from the backw2ll. 

73 



Surface vortices 

98. Critical flow rates Q/g1/ 2n5/ 2 for surface vortices are shown in 

Figures 32-35. The curves in Figures 32-35 indicate that for bell distances 

from the backwall B of O.OSD, 0.25D, and O.SOD and various submergences S , 

the bell distance from the floor has an insignificant effect on the develop

ment of surface vortices. With the bell located 1.50D from the backwall and 

various distances from the floor, the curves in Figure 35 indicate an erratic 

pattern in the development of surface vortices. 

Backwall vortices 

99. The critical flow rates Q/g1/ 2n512 for backwall vortices are 

shown in Figures 36-38. The plots indicate that backwall vortices are not 

significantly affected by varying the bell distance from the floor. 

Floor vortices 

100. 

ures 39-42. 

The critical flow rates for floor vortices are shown in Fig-

The plots indicate that for distances from the backwall of O.OSD, 

0.25D, and 0.50D and given submergences, the floor vortices decrease as the 

distance from the floor increases. For a distance of 1.50D from the backwall, 

the bell distance from the floor has less effect on the tendency for formation 

of floor vortices. 

Sidewall vortices 

101. Sidewall vortices occurred only at the minimum submergence inves

tigated (S- 0.47D). The plot in Figure 43 indicates an increase in the 

tendency for sidewall vortices as the distance from the floor increases. 

Distance from Bell to Backwall 

102. The distance from the bell to the backwall B was investigated 

with the bell located 0.25D, 0.33D, O.SOD, and 0.66D from the floor. 

Surface vortices 

103. 

ures 44-47. 

The critical flow rates for surface vortices are shown in Fig

The plots indicate that for a given distance from the floor, the 

tendency for surface vortices increases as the suction bell is moved from 

O.OSD to 0.50D from the backwall. As the bell is moved farther than O.SOD 

from the backwall, the plots indicate less tendency for development of surface 

vortices. 
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Backwall vortices 

104. 

ures 48-51. 

The critical flow rates for backwall vortices are shown in Fig

Figures 48 and 51 indicate that with the pump located 0.25D or 

0.66D from the floor, the tendency for backwall vortices decreases as the pump 

is moved away from the backwall. Figures 49 and 50 indicate that with the 

pump bell located a distance of 0.33D or 0.50D from the floor and 0.25D from 

the backwall, there was less tendency for backwall vortices. 

Floor vortices 

105. Floor vortices are not significantly or consistently affected by 

varying the distance from the pump intake to the backwall as indicated by the 

random data patterns in Figures 52-55. 

Sidewall vortices 

106. Sidewall vortices occurred only at the minimum submergence investi

gated (0.47D) with the suction bell located 0.50D from the backwall and either 

0.50D or 0.66D from the floor. The data points obtained with the bell located 

various distances from the floor are presented in Figures 56-58. 

Pump Bay Width 

107. The pump intake was located 0.50D from the floor and 0.25D from 

the backwall, and tests were conducted to determine the most feasible pump bay 

width W for the approach to the pump intakes. 

Surface vortices 

108. The plots in Figure 59 indicate that surface vortices are not 

significantly affected by bay width for submergences equal to 1.26D and 2.02D. 

The tendency for surface vortices decreases as submergence increases. 

Backwall vortices 

109. The critical flow rates, 
1/2 5/2 Q/g D , for backwall vortices are 

shown in Figure 60. For a submergence of 0.47D the critical submergence 

increases at a significant rate for values of W/D greater than 2.00 (Fig-

ure 60). 

Floor vortices 
110. The critical flow rates for floor vortices are shown in Figure 61, 

which indicates that the critical flow rate increases as the bay width, W/D , 

increases from 1.5 to 3.0. 
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Sidewall vortices 

111. Sidewall vortices occurred at bay width equal to 1.5D and did not 

occur for bay widths equal to or greater than 2.0D (Figure 62). 

Discussion 

Distance from bell to floor 
..... 

112. Results of tests indicate that surface, backwall, and sidewall 

vortices are not significantly affected by varying the distance from the pump 

intake to the floor. Floor vortices are affected by distance from pump intake 

to the floor. The plots in Figures 39-41 indicate that floor vortices will be 

reduced to a minimum if the pump intake is located O.SOD from the floor . 

Distance from bell to backwall 

113. Floor and sidewall vortices are not significantly affected by 

distance from the pump intake to the backwall. Surface vortices increase as 

the pump is moved from O.OSD to O.SOD from the backwall. Backwall vortices 

tend to decrease as the pump is moved away from the backwall. With the pump 

intake located O.SOD from the floor (O.SOD from the floor is recommended in 

paragraph 112), the optimum distance from the suction bell to the backwall is 

0.25D. 

Pump bay width 

114. Test results indicate that surface vortices are not significantly 

affected by varying the bay width between 1.5D and 2.SD. A pump bay width of 

2.0D is recommended due to the tendency for backwall, floor, and sidewall 

vortices to increase significantly for bay widths less than 2.0D. 

115. A pump intake should be located as follows: 

Distance from backwall B = 0.25D 

Distance from floor F = O.SOD 

Pump bay width w = 2.00D 

• 
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Figure 43 . Distance from floor versus flow rate, sidewall vortices, incipient 
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PART VIII: SURFACE VORTEX SUPPRESSOR BEAMS 

116. Surface vortex suppressor (SVS) beams are horizontal members placed 

across the sump just upstream from the pump. The purpose of the beams is to 

create sufficient surface turbulence to break up circular motion that usually 

progresses to surface vortices. Surface vortices (SV) were virtually ignored 

in the tests determining pump location, described in Part VII of this report. 

The reason, demonstrated by site-specific model studies, is that in all but 

exceptional cases, surface vortices can be eliminated by SVS beams. Various 

combination of six categories of SVS beams were tested: single stage, single 

level, slotted, sloping, multistage, and multilevel. The evaluation tech

niques discussed in Part V of this report were used in this part of the report 

with certain modifications. Common discharge ratios were selected during 

testing to provide continuity for comparison with subsequent testing. These 

ratios are as follows: full discharge (usually 0.58 to 0.60), 0.50, 0.42, 

0.35, 0.29, and 0.23 where 

R - Q 
~5/2 

(35) 

The data, for example, may state that an FV (floor vortex) was present for a 

discharge range of 0.6 < R < 0.42 • This means that the pump was first oper

ated at a discharge ratio R of 0.6 and then at decremental (or decreasing) 

ratios of 0.5, 0.42, 0.35, etc. The FV was visible at R = 0.42 but not at 

R = 0.35 • The FV may have been visible also at some ratio beyond 0.42 but 

prior to 0.35; but since the pump was not operated at any other R values in 

between, this is not known. The same philosophy was used in selecting submer

gence ranges in increments of 0.5D or 0.25D. These data points provide suf

ficient data for reliable evaluation. 
-

117. Sump type 28 (Figure 63) was used for the majority of SVS testing 

(all except SVS type 56). Sump type 18 was used for the remaining testing 

(SVS type 56). The only difference in the two sumps is that the width is 2.5D 

for type 28 and 2D for type 18 (Figure 63). 
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Single Beams Located 1D Upstream from Pump 

118. Initial tests were conducted to investigate the effect of height 

and upstream location of a single beam for a range of submergences. For the 

first two tests (I-38 and 1-39), an arbitrary height of 0.75D was selected 

(Figure 64) and tested at 1.97D submergence. The reasoning was to start at an 

arbitrary submergence, then decrease submergence as successful SVS types were 

determined. The SVS type was changed when either the size or the location of 

the SVS beam was changed. 

Type 1 SVS, Test I-38, 
pump bell submergence 1.97D 

119r. The purpose of this test was to determine if all SV's could be 

eliminated when the SVS beam is located 1D upstream from the pump column cen

ter line and vertically extends above the water-surface elevation. No SV 

occurred for the R range of 0.60 to 0.31. FV's occurred for the R value 

of 0.6. 

Type 2 SVS, Test I-39, 
pump bell submergence 1.97D 

120. The purpose of this test (in addition to that stated in para

graph 119) was to determine if the same SVS is raised until it protrudes only 

0.27D into the water, it will still eliminate all SV's. No SV occurred for 

the R range of 0.60 to 0.23. FV's occurred only for R = 0.6 • 

Type 3 SVS, Test I-40, 
pump bell submergence 1.97D 

121. This test verified that a 0.5-high SVS with the top edge located 

0.27D below the water surface continues to provide sufficient surface tur

bulence to prevent SV's at 1.97D bell submergence and for the aforementioned 

values of R • FV's occurred for R values between 0.6 and 0.5. 

Type 4 SVS, Test 1-41, 
pump bell submergence 1.22D 

122. The water-surface elevation and the 0.5D SVS were both lowered. 

The water level was 0.22D above the bottom edge of the SVS. No SV occurred 

for R range 0.60 to 0.23 as previously stated. FV's occurred in the R 

range 0.60 to 0.46. 
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Type 5 SVS, Test I-42, 
pump bell submergence 1.22D 

123. The 0.50D SVS was lowered an additional 0.50D while the pump bell 

submergence was maintained at 1.22D. The water depth above the top of the SVS 

was 0.22D. No SV occurred but the FV remained for a wider range of R of 

0.60 to 0.37. 

Type 6 SVS, Test I-43, 
pump bell submergence 1.22D 

124. The 0.75D-high SVS was reinstalled with its bottom edge 0.70D 

above the pump bell lip. It was tested at 1.22D pump bell submergence; 

therefore it protruded 0.23D above the water surface and 0.52D below the water 

surface. No SV occurred and the FV's remained only for the R range of 0.60 

to 0.42. 

Low pump bell submergence (0.47D) 

125. The next eight tests (I-44 through I-50 and I-52) were conducted 

for various SVS types (7-14) but were unsuccessful in eliminating SV's at low · 

(0.47D) pump bell submergence. The turbulences conducive to SV are so strong 

that they override any surface turbulence intended to break up the SV. 

Conclusions for single beam 
located 1D from bell center line 

126. The 0.50D and 0.75D single beams at this location are effective in 

eliminating SV at pump bell submergences of 1.22D and 1.97D when the beam is 

vertically located so that the top of the beam is not more than 0.27D below the 

water surface or when the bottom of the beam protrudes below the water surface 

0.22D or more. SVS beams 0.50 high or higher at these low submergences produce 

favorable conditions for FV to occur. Future studies will be made to determine 

the cause of the FV and action required to minimize them. 

Single Beams Located 2D Upstream from Pump Center Line 

127. These tests and test conditions were similar to those conducted for 

beams located 1D upstream from the pump center line. The purpose was to obtain 

data for comparison with previous tests. SVS types for these tests are shown 

in Figure 65. 
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Type 15 SVS, Test 1-53, 
pump bell submergence 1.97D 

128. During this test, the top of the 0.40D beam was 0.12D beiow the 

water surface. No SV occurred but an FV was visible at the high discharge R 

value of 0.6 only. This was not attributed to the beam since the FV also 

occurred under the same conditions without the beam. 

Type 16 SVS, Test 1-54, 
pump bell. submergence 1.97D 

129. The 0.40D beam was lowered so that the top of the beam was 0.42D 

below the water surface. The SV was not eliminated at R = 0.6 but it dis

appeared for all lower values of R • The FV also was visible only at 

R = 0.6 • 

Type 16 SVS, Test 1-55, 
pump bell submergence 1.22D 

130. The water surface was lowered with the type 16 SVS so that the 

beam protruded 0.07D into the water. No SV occurred during the test and the 

FV was visible only at R = 0.6 • 

Type 17 SVS, Test 1-56, 
pump bell submergence 1.22D 

131. The 0.40D beam was lowered until the beam protruded 0.27D into the 

water. No SV occurred and the FV was still visible only at R = 0.6 • 

Type 18 SVS, Test 1-57, 
pump bell submergence 1.22D 

132. The 0.40D beam was again lowered until its top surface was 0.17D 

below the water surface. A stage A SV occurred between R = 0.6 and 0.42 • 

The FV was visible only at R = 0.6 • 

Type 19 SVS, Test 1-58, 
pump bell submergence 1.22D 

133. A larger SVS beam was installed with its lower surface located 

0.65D above the bell lip. This location with respect to the lower surface is 

the same as the previously tested 0.40D beam. The top surface of the taller 

SVS (0.50D) was therefore only 0.07D below the water surface. No SV's 

occurred but FV's appeared at R values of 0.6 and 0.4. 

Type 20 SVS, Test 1-59, 
pump bell submergence 1.22D 

134. The 0.50D SVS was lowered so that it was submerged 0.27D below the 
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water surface. A stage B SV occurred at R = 0.6 and a stage A SV occurred 

at R - 0.4 • An FV occurred for R values between 0.4 and 0.6. 

Type 21 SVS, Test I-60, 
pump bell submergence 1.22D 

135. The height of the SVS was increased to 0.75D so that the top sur

face was very near the water surface. A stage A SV occurred at R = 0.6 and 

R = 0.4 • FV's also occurred at both values of R • 

Type 22 SVS, Test I-61, 
pump bell submergence 1.22D 

136. The 0.75D SVS was lowered until its top surface was 0.17D 

0.4 • 

below 

There the water surface. A stage B SV occurred at R = 0.6 and 

also were FV and backwall vortices (BWV) at both values of 

Type 23 SVS, Test I-62, 
pump bell submergence 1.22D 

R = 

R (0.6 and 0.4). 

137. The 0.75D SVS was raised until the lower portion protruded 0.57D 

into the water. A stage A SV occurred at R = 0.6 and FV's occurred at 

R = 0.6 and R - 0.4 • No BWV occurred. 

Type 24 SVS, Test I-63, 
pump bell submergence 1.22D 

138. The 0.75D SVS was again raised. During this test the beam ex

tended only 0.37D into the water. No SV occurred but FV's were observed at 

R = 0.6 and R = 0.5 • 

Low pump bell submergence (0.47D) 

139. The next nine tests (I-64 through I-72) were conducted for various 

SVS types (22 and 25-32) but were unsuccessful in eliminating SV, sidewall 

vortices (SWV), BWV, or FV due to the unstable flow conditions caused by the 

very low submergence. 

Conclusions for single beam 
located 2D from bell center line 

140. The general conclusions for the previously discussed lD location 

also apply here except for low values of R . As R decreases, surface tur

bulence decreases and diminishes the effectiveness of the beam. SV's have a 

tendency to try to form upstream from the pump rather than at the usual loca

tion between the pump and the backwall. In general, the beam here must baffle 

more water to produce the equivalent amount of turbulence in the vortexing 
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area, i.e., the height of the beam or the amount extending below the water 

surface must be greater than when the beam was located closer to the pump. 

Single Beams Located l.SD Upstream from Pump Center Line 

141. Two sizes (0.250D and O.SOD) of SVS were tested (Figure 66) for 

low submergence (0.47D) at several vertical positions (SVS types 33-38) but 
." 

none was successful in eliminating SV. FV and SWV also occurred during each 
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test. BWV occurred during tests I-73, I-74, I-76, and I-78, but none was 

observed during I-75 and I-77. 

142. One test (I-79) was conducted at a pump bell submergence of 1.97D 

with a O.SOD high SVS (type 39 SVS). The beam was located vertically so that 

it penetrated the water surface by 0.27D (Figure 66). No vortices of any kind 

occurred. These are the best results of the three horizontal single beam lo

cations tested. 

Single Beams Located 1.75D Upstream from Pump Center Line 

143. Two tests were conducted with a O.SOD-high SVS located horizon

tally 1.75D upstream from the pump center line (Figure 67). The tests were 

conducted at two submergences (1.97D and 1.22D) but in both cases the SVS was 

positioned vertically so that it penetrated the water surface by 0.27D. No SV 

appeared during either test at the high discharge ratio except where 

R = 0.6 • 
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Conclusions for Use of Single SVS Beams 

Horizontal location 
from pump bell center line 

144. A single SVS beam is generally effective when located in the area 

of 1D to 2D upstream from the center line of the pump bell. SV's generally 

occur near the pump column; therefore surface turbulence must be sufficiently 

strong iTh, this area in order to break up the SV. The strength of surface 

turbulence is influenced by R ; the turbulence is stronger at higher values 

of R • At lower values of R (<0.3) the SVS beam should be closer to the 

pump (approximately 1D from the pump center line) to produce adequately strong 

surface turbulence to break up the SV that occur near the pump column. At 

higher values of R , (>0.5) the SVS beam may be located as far as 2D upstream 

from the pump center line and still generate sufficiently strong turbulence to 

break up SV in the proximity of the pump column. 

Vertical location 
above pump bell intake plane 

145. A single SVS beam is generally most effective when it is located 

vertically so that it extends approximately 0.25D below the water surface. The 

beam continues to be effective for a rising water surface until the top of the 

beam is more than 0.25D below the water surface. At very low submergences 

(S < lD) a beam with more than 0.25D to 0.50D height can sometimes obstruct 

flow and produce flow conditions that are conducive to FV's or other subsur

face vortices. A general submergence guideline for single-stage flow blockage 

allowable (FBA) without producing conditions that are conducive to FV is as 

follows: 

0.50 < S < 0.7D ; FBA < 20% (36) 

S > 0.7D ; FBA < 30% (37) 

The FBA is determined as a percentage of the total flow cross-sectional area 

in the vertical plane in which the SVS beam is placed. Subsequent discussions 

pertain to SVS beams and submergence that fall outside these guidelines. 
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Single-Stage, Trilevel SVS Beams 

146. Three beams were located at different heights (trilevel) in a sin

gle vertical plane (single-stage) with respect to the pump bell intake. The 

vertical plane aligns the upstream face of the SVS beams at a horizontal loca

tion of 1.75D upstream from the pump bell center line. This phase of testing 

is the beginning of an effort to determine effective multiple beam SVS con

figurations for low submergence ranges. Arbitrary increments of O.SOD and 

0.25D were selected to vary the submergence through a range of 1.97D to 0.47D. 

The lowest submergence tested (0.47D) for reducing SV is only a goal since no 

single beam SVS was found that would completely eliminate all SV (see previous 

sections on single beam testing) for this submergence. 

Slotted SVS beams 0.25D high 

147. The type 43 SVS design consisted of three slotted beams (Fig-

ure 68) 0.25D high with the lower surface of the bottom beam located 0.2D above 

the pump intake plane and the top of the top beam's surface located 2.3D above 

the pump intake plane. This implies a submergence testing range from 0.47D to 

more than 2.3D (Figure 69). Experience with single beam testing indicates 

that the type 43 SVS is influential for reducing SV for a submergence range 

from 2.05D to just over 2.3D (see paragraph 145). This series of tests there

fore was conducted at a submergence of 0.47D, and at O.SOD submergence incre

ments (0.97D and 1.47D) to 1.47D, and at 0.25D increments (1.72D and 1.97D) to 

a submergence near 2.05D. SVS testing was performed at specific submergence 

increments (O.SOD and 0.25D) throughout this study so that comparisons with 

subsequent testing results can be made. With SVS type 43, only Test I-86 for 

the 1.97D submergence was successful in eliminating all SV. As a whole, the 

type 43 SVS was unacceptable, primarily because it was ineffective for elim

inating SV at submergences at which the water-surface level was between the 

SVS beams (Figure 69). The additional baffle effect of more than one beam 
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Figure 68. Typical slotted SVS beam 
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submerged was not sufficient to provide the necessary turbulence required to 

break up SV that occurred during tests in which the water-surface level was 

between beams. The slotted pattern (Figure 68) in the lower beam did not pro

duce any significant differences in test results, at submergences below the 

second beam, from single beam tests for comparable submergences. 

148. The slotted pattern (Figure 68) reduces head loss and the amount 

of flow diverted downward and thus the tendency to form more FV. The occur

rence of FV tends to increase as the amount of blockage increases (para-

graph 145). Figure 70 shows the dye pattern flows for both conditions with 

and without an SVS beam. Without the beam, the flow arrives in the vicinity 

of the pump column, then makes more of a vertical downward flow pattern to the 

periphery of the pump bell intake. With the beam, the downward flow force 

under the beam interrupts the equal distribution peripheral flow pattern, 

pushing more of the flow toward the backwall. In comparing conditions where 

there was a FV without the beam, for the same sump with the beam the FV is 

moved nearer to the backwall. By the same reasoning an FV has more of a ten

dency to occur as the amount of blockage increases, i.e., as the height of the 

beam increases relative to the submergence. At lower submergences the volume 

of flow is less; therefore, less blockage is required to produce conditions 

conducive to FV than is required at higher submergences. 

149. The type 44 SVS is a trilevel, single-stage arrangement similar to 

the type 43 except that the height of the type 44 SVS has been increased to 

0.4D (Figure 71). The location of the bottom surface of each beam and the 

upstream face of each beam is the same as the type 43 SVS. The height of the 

type 44 SVS was increased to 0.40D to obtain additional turbulence for SV sup

pression and to decrease the spacing between the beams, hopefully without in

creasing the tendency for FV. Obviously, the 0.40D SVS did increase the 

blockage somewhat more than the 0.25D SVS; however, with the hole cutouts, the 

tendency for FV did not seem to be significantly increased. The type 44 SVS 

did not provide a significant improvement over the type 43 SVS; therefore, it, 

too, was unsatisfactory. Tests I-87 through I-93 results are shown in Fig-

ure 71 for comparison. 

150. Tests I-94 through 1-96 

72). This SVS design (type 45) 

were conducted with the type 45 SVS (Fig-

has the same size and slots as the type 44 

the pump (1.75D). The vertical location of the upper two beams, however, is 
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Figure 70. SVS beam effects on FV 
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different. In the type 45 SVS design, the beams are stacked (no space between 

them); the bottom of the stack is located 0.2D above the pump intake plane 

(same as type 43 SVS). The purpose of these tests with the type 45 SVS design 

was to determine the effective water-level height above a relatively high SVS 

beam (1.2D total) that will break up SV and yet will not increase the tendency 

for FV to occur. Test results were unsatisfactory. Insufficient surface 

turbulence was created at all three levels tested above the beams, and yet the 

FV results were worse. Apparently, the slots in the beams were not sufficient 

to eliminate head loss and lessen flow blockage, yet the slots were suffi

ciently large to diminish the intended turbulent effect that is necessary to 

break up SV. 

Alternate slotted beams (top and 
bottom), three 0.40D-high stacked beams 

151. The type 46 SVS design is the same as the type 45 design except the 

middle beam does not contain slots (Figure 73). This change was made to gen

erate additional turbulence. This design was an improvement in SV at the three 

higher submergences tested (Tests I-97 through I-99) but FV and SWV were gen

erally worse at all submergences tested. 

Sloped, slotted, and 
stacked beams, 0.50D high 

152. Tests J-05 through J-11 were conducted for the type 47 SVS for 

submergences of 1.97D and decrements of 0.25D to 0.47D (Figure 74). The 

type 47 SVS is three slotted, 0.50D-high beams stacked at an angle of 20 deg 

with the vertical and with the upstream face of the forward edge of the beam 

located 1D upstream from the pump center line (Figure 74). The lower edge of 

the beam arrangement is located 0.2D above the pump bell intake plane. Re

sults of the three middle submergences tested (1.22D, 0.97D, and 0.72D) were 

generally improved from the type 46 SVS, and the results of the 0.47D sub

mergence test were approximately the same. The sloping design type 47 SVS 

design is therefore considered to be unsatisfactory for a single stage design 

for varying but low submergences. 

Sloped, alternate slotted, 
and stacked beams, 0.50D high 

153. The type 48 SVS design is also a 20-deg sloping beam identical in 

size and location with the type 47 except that the type 48 SVS design does not 
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have the middle beam slotted (Figure 75). Tests J-12 through J-18 were con

ducted at the same submergences ~s those for the type 47 SVS design (1.97D, 

1.72D, 1.47D, 1.22D, 0.97D, 0.72D, and 0.47D). No significant improvement was 

obtained by the exchange of the middle slotted beam for a solid beam. The 

type 48 SVS design is unsatisfactory for the range of submergences and dis

charges tested. 

Conclusions--single
stage, trilevel SVS beams 

154. No proper balance was determined that would provide adequate tur

bulence to break up SV and at the same time avoid the blockage that produces a 

tendency for FV. Spacings between beams allowed SV when tests were conducted 

at those (in between beams) water-surface levels. The stacked beams caused 

too much flow blockage, creating the tendency for subsurface vortices. The 

relief provided by the slots decreased the effectiveness of the beams to gen

erate the necessary turbulence to break up SV. The slots were a low-priority 

tool anyway since field experience has shown that the slots tend to accumulate 

debris which blocks the flow and causes adverse flow distribution or a head 

differential. In site-specific model tests, sloping beams have been effective 

in some instances by serving a dual role as a guide vane and SVS. The sloping 

beam results were unsatisfactory for this tested range of discharge and sub

mergences. This series of tests provided an extension of the single-beam 

testing for the 0.47D submergence. Neither the slotted beam nor the sloping 

beam produced favorable results at the 0.47D submergence. 

Two-Stage SVS Beams 

155. The two-stage SVS designs were tested for the same objective as 

that of the slots in the beam (as previously tested)--to decrease flow block

age· while continuing to produce ample surface turbulence for breaking up SV. 

A second stage of beams, located in a vertical plane at a different dimension 

upstream from the pump center line (Figure 76), allows beams to be located 

with less vertical space between them, i.e., turbulence can be generated for a 

continuous range of water-surface levels without causing undue flow blockage 

in the cross-sectional area of a single vertical plane. 

156. Tests J-19 through J-24 were conducted with the SVS type 49 design 

(Figure 76). Knowledge of general flow behavior has increased as SVS testing 
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has progressed. For example, the flow blockage of a relatively large (height) 

SVS beam near the pump is more critical in causing subsurface vortices. The 

type 49 SVS results indicate good progress in reducing SV, but the design is 

unsatisfactory due to the induced adverse flow which caused additional sub

surface vortices. 

157. Tests J-25 through J-31 were conducted for the type SO SVS design. 

This is a two-stage design with three beams (Figure 77). The second stage has 

two beams with the larger beam at the top to increase turbulence and the 

smaller beam at the bottom where the velocities are higher, some turbulence is 

already present, and less induced turbulence is needed. The first-stage beam 

is positioned to handle flows with water-surface elevations falling between 

the two second-stage beams. There was improvement in the FV problem at sub

mergences 1.22D and 0.97D, but overall the changes were not significant from 

the previous results of type 49 SVS with respect to the reduction of SV and 

subsurface vortices. These results indicate that positive results were ob

tained by locating a large (1D in height) beam farther upstream from the pump; 

and moving the larger beam from the second stage to alleviate flow blockage 

there. The SVS type 50 design was unsatisfactory because of the FV induced by 

the excessive flow blockage of the 1D-high SVS beam. 

Three-Stage SVS Beams 

158. Tests J-32 through J-37 were conducted to study the type 51 SVS 

design (Figure 78). Submergences tested with this SVS design were 1.97D, 

1.72D, 1.47D, 1.22D, 2.22D, and 2.47D. Various experimental test results at 

WES indicate that strength and frequency of SV are proportional to the flow 

velocity and inversely proportional to the submergence. Concentration of 

study, prior to the type 51 SVS design, was limited to a submergence range 

from 0.47D to 1.97D, the reasoning being that SV are easier to suppress at 

higher submergences (above 1.97D). Two additional submergence levels (2.22D 

and 2.47D) were tested with the type 51 SVS design. This design was unsatis

factory for the full range of submergences and discharges tested; however, a 

significant improvement was recognized in Test J-36 for both SV and FV at the 

1.47D submergence. This test series raised additional questions. Are the 

stages farther apart then necessary? Should the shorter (in height) beams be 

progressively nearer to the pump and vertically lower or nearer the pump bell 
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intake plane? Can beams be effective in reducing SV when the beam is located 

more than 3D upstream from the center line of the pump? 

159. A number of multibeam and multistage SVS arrangements were ob

served for varied discharges and recorded. The 1D-high beam used in the 

type 51 SVS design was moved to various distances greater than 3D upstream 

while keeping the first two stages of beams stationary (as in the type 51). 

Flow conditions indicated no significant change to SV when the beam was re

located at distances of more than 3D upstream from the pump bell center line. 

The type 52 SVS design changed only the distance of the 1D beam, as located in 

the type 51 design, from 3D to 2D (Figure 79). Testing results indicated 

20 20 1 
~ 

I 

1.50 I 
c:l ~ 

Lu~ 
0 c:l 

+ 1
0 

o 
I 

Cl OT _[0.50 
!') 

~ 

~~,1~~ 
Cl ~ 

Cl ll) ...: 
~ 

...: 

...: I 

1.50 

I 

I 

0 

Lo.4o t I 

0 ~0.250 - 0.50 "--0.50 .,__=0 ....-t ~ 0.250 

SVS TYPE 52 SVS TYPE 53 

I Cl 
ll) 

Cl 
ll) 

I c:l 

c:l 

L~ 0 01
0 

I 

br tu1 Cl 

~ ~ 
:q 
~ 

...: 

Cl ~or Cl 
I ...: 

0.250 ~ 
0.40 + 

0 ~0.25 0 

SVS TYPE 54 

Figure 79. Surface vortex suppressors; three-stage, multiple-beam designs, 
sump type 28, submergence varies, discharge ratio varies 

136 



excessive flow blockage and a possible need to reduce the height of the 

lD beam and to compensate by increasing the number of beams in each of the 

stages. The test results from SVS type 53 (Figure 79) indicated much improve

ment with FV. The type 53 SVS design contained two beams in each of the three 

stages. The beams were staggered to minimize flow blockage at any one stage. 

The vertical arrangement was such that operation at any submergence between 

0.40D and 2.80D would provide some penetration below the water surface for 

surface vortex suppression. Vertical spacing from bottom to top, the overlap 

of one beam to the next, was 0.05D, 0.05D, 0.05D, O.lOD, and O.lOD. All of 

the beams were 0.50D high except the bottom beam, which was 0.25D high. 

During operation at water-surface elevations near the bottom beam (below 0.70D 

submergence), high velocities produce turbulence; therefore, less induced 

turbulence by the SVS beam is needed to break up SV. Lower height SVS beams 

are also less conducive to subsurface vortices. 

160. SVS type 54 (Figure 79) was the result of minor changes in the 

vertical spacing (overlap) between the beams as given in the type 53 SVS de-· 

sign. The vertical spacing between beams (overlap) in the type 54 SVS design 

(bottom to top) was as follows: 0.05D, O.lOD, 0.05D, 0.000, and 0.10D. These 

adjustments were made in an attempt to manipulate surface turbulence during 

pump operation at specific water-surface levels. Results indicate that addi

tional refinements are necessary. The second beam from the bottom (verti

cally) appears to generate excessive surface turbulence, possibly because of 

its location near the pump (first stage). Excessive turbulence contributes to 

vibration and therefore is undesirable. 

161. Tests J-67 through J-75 were conducted to determine the effect of 

the type 55 SVS des~gn (Figure 80). The type 55 SVS design is similar to the 

type 54 except for vertical overlap of the beams. These values were adjusted 

so that all beams overlap by O.lOD except between the bottom two beams, where 

the value is 0.050. Results were the best yet tested with respect to SV. Re

sults were unsatisfactory at the three lower submergences tested (0.970, 

0.720, and 0.47D). Results were not as good as desired with reference to FV. 

162. The vertical overlap dimension was 0.05D between all consecutive 

beams for SVS type 56 design. All other dimensions were the same as those for 

the type 55 SVS design (Figure 81). Tests J-76 through J-84 were conducted to 

evaluate this design for submergences between 2.47D and 0.470 in 0.250 decre

ments. There was little difference in data results for these two SVS designs 
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Figure 80. Surface vortex suppressors; three-stage, multiple-beam, SVS 
type 55, Tests J-67 through J-75, sump type 28; all dimensions typical 

except submergence which varies, discharge ratio varies 
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Figure 81. Surface vortex suppressors; three-stage, multiple-beam, SVS 
type 56, Tests 7-76 through J-84, sump type 28; all dimensions typical 

except submergence which varies, discharge ratio varies 
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(types 56 and 55) with respect to FV. The type 56 was less satisfactory than 

the type 55 as there were more (in number) mild SV's (stages Band A). 

J-85 

sign 

163. 

through 

(Figure 

All previous SVS testing was performed in the 

J-93 were conducted in the type 18 sump with 

63). The 

the width for the type 

only difference between sump types 

18 is 2.00D while for the type 28 

2.50D. Data results of the SVS type 56 design with both 

type 28 sump. Tests 

the SVS type 56 de-

18 and 28 is that 

sump the width is 

sump types (18 and 

28) indicate a small degree of deterioration in flow conditions (a few more 

SWV at low S) with the type 18 sump. The savings in construction cost should 

outweigh the loss in flow benefit. 

164. The depth of the research facility limits the maximum submergence 

to 2.47D. Additional tests were conducted in a 1:2 scale model of the re

search facility to determine what changes if any are required to obtain satis

factory flow for submergences as high as 4.00D. No adverse flow conditions 

were observed and the type 56 SVS design was determined to be satisfactory for 

the type 18 sump (with respect to SV) for a range of submergences between 

0.72D and 4.00D. Subsequent testing of other appurtenances (Part IX of this 

report) was conducted to correct problems related to subsurface vortices. 

Discussion 

165. Single beams can successfully suppress SV when the change in sub

mergence is small and the minimum submergence is 1.0D or more. The beam at 

minimum submergence should protrude approximately 0.25D below the water sur

face, and at the maximum water level, the top of the beam should be no more 

than approximately 0.10D to 0.20D below the water surface. Care should be 

taken not to get the height of the beam so large that it creates an environ

ment conducive to FV's (paragraph 145). 

166. Two-stage multiple beam arrangement can be effective in eliminat

ing SV for a larger range of submergence. The same care, as previously 

mentioned, should be taken not to get the height of the combined beams suffi

ciently high to contribute to an FV environment. There should be a minimum 

0.05D overlap of the beams in the vertical direction. 

167. The type 56 SVS design can be used for still greater submergence 

ranges. No satisfactory SVS design was found for submergences under 0.7SD, 

but some improvement was gained with SVS type 56. The sump width and bell 
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location as shown by sump type 18 is adequate for the SVS type 56 design. 

When practical, the sump width may be increased to 2.50D with the type 56 SVS 

design to reduce SWV at extremely low submergence (<0.75D) and high discharge 

ratios. 
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PART IX: APPURTENANCES 

Objective 

168. The objective of this series of tests was to evaluate various 

appurtenance designs in the sump that would complement or replace the SVS 

designs by permitting satisfactory pump operation at submergences below 1.00D. 

Tests 

169. Tests were conducted to evaluate various types of appurtenances 

located in the types 18 (W = 2.00D) and 28 (W = 2.50D) sumps (Figure 63) with 

and without the type 51 SVS design (Figure 82) to determine effectiveness of 

the appurtenances in improving the hydraulic performance of the sump. The 

type 51 SVS design provided the best results for a three-stage design with 

only a single beam in each of the three stages. Appurtenance testing was con

ducted at this time to determine if a satisfactory sump design could be found 

(with type 51 SVS design plus an appurtenance) without the necessity of con

tinued testing with more complex SVS designs (multibeam and multistage). The 

type 51 SVS design was considered sufficiently representative for appurtenant 

testing. The appurtenance tests were conducted in the same portion of the 

test facility as the pump location tests (Figure 1a). 

Fillets 

170. The type 51 SVS (Figure 82) was installed in the type 28 sump 

(W = 2.50D) and tests were conducted to evaluate fillets located in the side

walls and backwalls. Various fillet designs investigated are shown in 

Figures 83-93. 

a. The type 1 appurtenance induced submerged vortices to attach 
to the surface of the fillet (Figure 82). 

b. The type 2 appurtenance (Figure 83) induced the formation of ..... 
submerged vortices that attached to the surface of the 
fillets. 

c. The types 3 and 4 appurtenances (Figures 84 and 85) did not 
have a significant effect on the performance of the sump and 
were therefore unsatisfactory. 

d. The types 5 and 6 appurtenances (Figures 86 and 87) were 
undesirable because submerged vortices attached to the surface 
of the fillets. 

142 



e. 

f. ..... 

~· 

The types 7 and 8 appurtenances (Figures 88 and 89) did not 
have a significant effect on the hydraulic performance of the 
sump and were therefore unsatisfactory. 

The type 9 appurtenance (Figure 90) was undesirable because of 
the tendency for submerged vortices to attach to the face of 
the fillet. 

The types 10 and 11 appurtenances (Figures 91 and 92) had no 
significant effect on the hydraulic performance of the sump 
and were therefore unsatisfactory. 

171. Test results of appurtenances 1-11 SVS and the type 28 sump with 

uniform approach flow indicate that fillets do not reduce the tendency for 

surface vortices and increase the tendency for submerged vortices. Submerged 

vortices were more frequent and intense if the horizontal distance from the 

surface of the fillet to the edge of the intake was less than 0.25D and/or if, 

along the vertical center line of the pump intake, the vertical distance from 

the surface of the fillet to the horizontal plane of the intake was less than 

0.50D. 

Converging sidewalls 

172. Tests were conducted in the type 28 (W = 2.50D) sump with the SVS 

removed and converging sidewalls installed for evaluation of their effect on 

sump performance. Initially the walls were located as shown in Figure 93 

(type 12 appurtenance), and tests were conducted to define flow conditions for 

surface and submerged vortices. 

173. The converging sidewalls were moved closer to the edge of the suc

tion bell (type 13 appurtenance) as shown in Figure 94. A comparison of Fig

ures 93 and 94 indicates that moving the sidewalls closer to the sides of the 

suction bell increased the tendency for backwall and sidewall vortices, with 

smaller changes in SV and FV. 

174. The edge of the suction bell was located a distance of 0.05D from 

the sidewalls and backwall (type 14 appurtenance) as shown in Figure 95. A 

comparison of the plots in Figures 94 and 95 again indicates that the sub

merged vortices increased as the suction bell was moved closer to the walls; 

however, the frequency and intensity of surface vortices decreased. Observa

tion of dye injected into flow approaching the pump intake indicated that with 

the converging sidewalls and backwalls located 0.05D from the pump intake, 

flow upstream of the intake was directed downward toward the pump intake as 

shown in Figure 96 (compare Figures 96a and 96b). The downward flow component 
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induced the formation of submerged vortices. Surface vortices were attenuated 

because there was only a relatively small amount of flow directed vertically 

downward along the rear side of the pump column as shown in Figure 96b (com

pare Figures 96a and 96b). With the converging sidewalls located >0.08D from 

the edge of the suction bell, performance was similar to that observed in the 

type 28 sump without converging sidewalls. 

175. Test results indicated that the converging sidewalls and backwall 

should be ~about 0.05D from the edge of the suction bell to be effective in 

attenuating SV. However, test results also indicated that the frequency and 

intensity of submerged vortices increased considerably when the walls were lo

cated 0.05D from the edge of the suction bell. Therefore it was concluded 

that with evenly distributed approach flow, converging sidewalls were not 

effective in improving sump performance. It should be noted that in some pro

totype and model sumps that had severe SV due to adverse flow distribution 

approaching the pump intakes and values of Q/g112n512 
less than 0.28, con

verging sidewalls were appropriate devices for eliminating severe SV. 

Umbrellas 

176. The effects of flat plate umbrellas on surface and submerged vor

tices were investigated. The umbrellas were tested in the type 18 design 

sump, which was 19.0D long and 2.0D wide. Four umbrellas were tested; their 

geometries are shown in Figure 97. The type 15 design appurtenance had an 

umbrella diameter of 1.30D and a backwall clearance of O.lOD. The type 16 de

sign appurtenance had a diameter of 1.50D with the umbrella's back cut such 

that the backwall clearance was O.IOD. The type 17 design appurtenance had a 

diameter of 1.80D with the umbrella's back cut such that the backwall clear

ance was 0.10D. The pump center line was moved forward with the type 18 de

sign appurtenance so that the umbrella could be circular with a diameter of 

1.80D and wall clearances of 0.10D (Figure 97). The umbrellas were also 

tested in combination with the type 56 design vortex suppressor. The type 56 

vortex suppressor (see Part VIII, this report) is effective in reducing SV. 

The umbrellas were tested with suction bell submergences between 0.50D and 

2.50D and flow rates (in terms of the dimensionless parameter Q/g112n512) 

between 0.18 and 0.60. Test results are plotted in Figures 98-106. 

177. The purpose of umbrellas is to reduce SV activity. Umbrellas 

spread the flow entering the suction bell and reduce the magnitude of downward 

velocity vectors. Flow patterns with an umbrella, and with both an umbrella 
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and vortex suppressors, are shown in Figure 107. Significantly more flow 

enters the pump from the back of the suction bell without the vortex sup

pressor beams. 

178. The effect of the umbrellas on SV activity was determined. Criti

cal bell submergences for eliminating SV activity (stage C) for the four um

brellas tested, the type 18 design sump with no appurtenances and the type 56 

design vortex suppressor, are compared in Figure 108. The SV activity de

creased as the umbrella diameter increased, but the umbrellas were not nearly 

as effective as the type 56 design vortex suppressors. 

179. The occurrence of submerged vortices appeared to be independent of 

suction bell submergence with the umbrellas. The location of the critical 

submerged vortex moved between the floor and backwall, depending on the um

brella's geometry. Submerged BWV were critical with the type 15 and 16 design 
1/2 5/2 . appurtenances and occurred when Q/g D was 0.32 and 0.25, respect1vely. 

Submerged FV were critical 
1/2 5/2 

occurred when Q/g D 

with the type 17 and 18 design appurtenances and 

was 0.30. The apparent lack of influence of sub-

mergence on the occurrence of submerged vortices with umbrellas is distinctly 

different from tests with no appurtenances and the type 56 design vortex sup

pressors. In the latter case, the occurrence of submerged vortices-

specifically FV--was influenced by suction bell submergence. 

180. Surface and submerged vortices determined critical bell submer

gence in the sump with no appurtenances (type 18 design sump). Submerged FV 

determined critical bell submergence with the type 56 design; all classifica

tions of vortices were used to determine the critical bell submergence with 

the umbrellas. Surface vortices were generally critical with submergences 

below 2.00D and submerged vortices were generally critical with submergences 

above 2.00D. Critical bell submergence for vortex-free sumps (both surface 

and submerged) are shown in Figure 109. The type 56 design vortex suppressor 

was the most effective in eliminating vortices. 

181. Umbrellas were tested in combination with the type 56 vortex sup

pressors to determine if sump performance could be improved. In these tests, 

the vortex suppressor locations remained constant with respect to their dis

tances from the backwall. SV, located just upstream from the vortex suppres

sors, occurred more frequently as the umbrella diameter increased. The most 

severe surface vortices occurred at a suction bell submergence of 1.22D. It 

is possible that SV activity could be improved by relocating the vortex 
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suppressors; however, this was not evaluated in these tests. The critical 

submerged vortices were FV which decreased with an increase in suction bell 

submergence for the type 15 and 16 design appurtenances, but were essentially 

independent of suction bell submergence with the type 17 and 18 design appur

tenances. Critical bell submergences for the umbrellas in combination with 

the type 56 design vortex suppressors are compared with the type 56 design 

vortex suppressors alone in Figure 110. Submerged vortices can be reduced 

with the t 'ype 17 and 18 design appurtenances when used in combination with the 

type 56 design vortex suppressors at suction bell submergences less than 

2.00D. 

182. It can be concluded from these tests that umbrellas are effective 

in reducing 
Q/g1/2D5/2 

the level of SV activity 

is between 0.2 and 0.6. 

in sumps with straight approaches, where 

The effectiveness of the umbrella in-

creases with its diameter. However, the umbrellas tested were not as effec

tive as the type 56 design vortex suppressors in reducing surface vortices. 

The vortex suppressors are also more effective in providing for a sump free 

from both submerged and surface vortices. 

Discussion 

183. Test results obtained with evenly distributed approach flow and 

various appurtenance designs (fillets, converging sidewalls, and umbrellas) 

indicated that none of the appurtenances provided sump performance as satis

factory as that provided by the type 56 SVS. 

184. The fillets did not attenuate SV and induced the formation of 

submerged vortices that attached to the surface of the fillets. 

185. Converging sidewalls located 0.05D from the edge of the suction 

bell were effective in reducing SV. However, the converging sidewalls were 

undesirable due to severe submerged vortices that attached to the sidewalls. 

186. Umbrellas were effective in reducing SV, but not as effective as 

the type 56 vortex suppressor. Umbrellas were ineffective in reducing the 

frequency or magnitude of submerged vortices. 

187. Evaluation of the three types of appurtenances has resulted in a 

recommendation that they not be used in a sump with evenly distributed 

approach flow. 
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TES1' CONDITIONS 
0: /. ~'1 ~T 
B = O, I 0 0 
F': o.so D 
W = 2.0 D 
L -: 1"'0 0 

. 
IBASIC-ncrr A I 

MIXED f=LDW PUMPI 
TYPE SYM. S/o G:lf 

\'OR'TE7t 
FV 0 D.'tl 0·30 

0.12 o.l1 
o.cn o.'\C. 
I, 'l2 o ... , 
l.JJ1 o.SI 

1.12 o.s9 
I.Cfl O·+f 

~ , 2.Z2. o.tlf 
2.¥1 O•Sl 

swv 6 O.'f-1 0 .t1 
0 .12 0· tC. 
O.CJ1 o.t7 
/, 'l2 ()•L' 
l.JJ 1 ,.tr 
1.12 t).LT 

I.CJ1 d·'Z.1 

~ 
2.Z2. o.t.& 

' 2.¥1 d·Z.' 
sv • /. 2. 2 f.to 

! 
/. 72 o.t7 
/.17 ., .J.l 

It z.zz O·~ 

2.'11 o .. ~6 

f• 
L. ~· 

Flow.,. 0 w 

PLAN 

~ 

Is 
----:---...J F 

, .. o •tea-t T 
EL£.V 

s 
p 

--------- -

~-- ---------------------

- --~.- -- -- (!1-

t ·- . -- -«< -- _.J -

• 

~t 9 : j 

I -

- (i) 

- --- -- --- -

' 
0 ----------::----

0.2 0.3 0.1/-
Q/ o s;z ;~ 

a--

o.,, 

0 .750 

_____ _:....H_~ .L 0. ZSD 

~00 

Figure 99. Critical bell submergence S , vortices, type 18 sump, 
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TEST CONDITIONS 
D= 1.2'1 ~T 
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Figure 100. Critical bell submergence S , surface vortices, 
type 18 sump, type 16 appurtenance 
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TES1' CDNDITIDNS 
0:: 1.2'1 PT 
B = 0.10 0 
F: 0.50 D 
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Figure 101. Critical bell submergence S , surface vortices, type 18 sump, 
type 17 appurtenance 
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TES'T CONDITIONS 
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Figure 102. Critical bell submergence S , vortices, type 18 sump, 
type 56 surface vortex suppressor 
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TES"T CONDITIONS 
D:: I. 2'1 ~T 
B = 0.10 0 
F = 0.50 0 
W-: 2.0 D 
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Figure 103 . Critical bell s ubmergence S , vortices , t ype 18 s ump, 
type 56 surface vortex suppressor, t ype 15 appur tenance 
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TES1' CONDITIONS 
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type 56 s urface vortex s uppressor, t ype 15 appurtenance 

169 



TES1' CONDITIONS 
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Figure 105. Critical bell submergence S , vortices, type 18 sump, 
type 56 surface vortex suppressor, type 16 appurtenance 
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TESI CQNDITIDNS 
0: 1.29 FT 
a :r 0.1o o 
r= o.so o 
W-: 2.00 
L ~ lf.o o 

_lBASIC ~T A I 
I MIXE.D FLOW Purt~ I 

TYPE S'YM. SJo "-l ~R.iEi't 
FV 0 D. 'f-1 o.!O 

0.12 o.ao 
O.Cf1 o.n 
1.22 0-19 
r.tt1 0 -l'f 
•. ,2 o:w 
1.'11 0.31 
2.Z2. 0-11 

~ 2.1f1 o.~ 

swv e D.1'l. o.~1 

• • o.q-r o.tf.t 
S\1 • o.'t1 o.u 

o.7Z O.lf o.cn 0 .3@. 
\ .~1. o.u .... , O.V<-

if I 
l. "'l1. o.s3 
Z.'t1 C),$5 

l. 

Flow., 0 w 

PLAN 

~Is 
-- F 

---~,:--.-o-''1-'~ T 
EltV 

'3 ----_ __ ___ ,. _____ .. --- _ ... ·- ... __ 

·---G) -

s -

' _____ I 
I 
I 
I 

I 
I e-- · -- s~ - ·· · - -- , 0 1 ·-----

e • J 

.. ~ -. e ._-:-- . -. -·· - --~ ----_ - . . 
• . -- - · . .. - ·- I . ._ .. . :·· . -- -: ~ - I • 

' -----t-_ -_ .-. _,_ • - m---·--__ -_ .. - .. 
-Q _ . .::_:-_ =· . El .. · ---I. • 

' - · -·-· ·- -Q ·- . - - - _---~ 
- ,_- .. - -

- - 4-- -~- -- -- · - --- ---- ---·- -L .. ---

z.oo 

0 • . 
0 

Ql 
"' d 

a 
6 

0 
~ 

G 

PLAN 

0 

J lit 
0 I 

Q 
0 In 

0 "' • C/1 
0 

Q 0 
M "' ' 0 

~ ' ~ I 
oo 
• ...; 
<) 

ELEV 

Figure 106. Critical bell submergence S , vortices, type 18 sump, 
type 56 surface vortex suppressor , t ype 17 appurtenance 
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Figure 109. Critical bell submergence, vortex-free sump, type 18 sump 
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PART X: SIGNATURE CURVES 

188. The purpose of obtaining pump performance signature curves for 

each of the Fairbanks Morse pumps is to establish a standard for evaluating 

the hydraulics of future sumps. The pump performance curves are developed for 

a base sump with evenly distributed approach flow, with optimum pump location, 

with SVS beams installed, and with a relatively high (for the Corps) 

submergeQce. 

Signature Tests and Curve Development Procedures 

189. The base sump (type 18) was developed as described previously with 

respect to pump location, sump dimensions, SVS beams (type 56), and other ap

purtenances (Figure 111). Three to five comprehensive tests were completed 

for each pump to obtain an accurate repetition of flow conditions and instru

mentation. All base tests were completed at a bell submergence of 2.40D. The 

sump evaluation techniques described in Part V of this report were used to 

evaluate the base tests. A minimum of three tests with good repeatability was 

a requirement for each set of base curves. Early base tests (prior to the 

third test) that did not show good repeatability were disqualified, and test

ing was continued until the minimum of three good repeatability tests were ob

tained. The base tests for each pump (three minimum) were plotted on a single 

sheet (overlaid) to determine the average one resultant base curve (for each 

parameter) for each pump. This resultant average curve (for each parameter) 

was then traced to a separate sheet for each pump and digitized using an Altec 

digitizing table. These coordinates for the resultant average curve for each 

pump (and each parameter) were typed into the microcomputer, recorded on cas

sette, and became the signature curves for each pump for subsequent compari

sons with adverse sumps. The base sump as referred to in this report is that 

sump configuration which was used to develop the signature curves. After 

development of the signature curves, then terminology for base curves and sig

nature curves is used interchangeably to mean those curves which represent the 

pump performance parameters for the base sump. 
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Pump 1 Signature Curves 

190. Pump performance curves provide a quick visual comparison of a 

base sump to any future sump tested. Other tools and methods provide a deeper 

and more exact comparison of sumps. A thorough discussion is made of these 

tools and methods for pump 1; then brief references are made of them for 

pumps 2 and 3. 

191. Test results from the following four base tests were used to 

derive the signature curve for pump 1: 

100- J-94 - 18 - 3.1 
100- J-95- 18- 3.1 
100 - J-96 - 18 - 3.1 
100 - J-97 - 18 - 3.1 

After the signature curves were derived, each of the base tests (used to de

rive the signature curves) was plotted on a sheet with the signature curves 

(Figures 112-115). The base tests coordinates were recorded on magnetic cas

sette tapes at the time the base tests were performed. Data points for the 

curves may be plotted as the data are obtained during testing or the entire 

set of curves may be plotted at any later date from the data cassette. Fig

ures 112-115 were plotted after the tests were completed since the tests them

selves were used to derive the signature curves. Signature curves are shown 

as solid lines, and the individual base curves are shown as dotted or dashed 

lines as given by the legends. Standard deviation, rms, mean, maximum, and 

minimum values are stored on cassette for each of the eight gages (discharge, 

torque, voltage, current, noise, vibration, head, and floor pressure) read for 

each pump. The mean value is plotted for discharge, shaft horsepower, and 

head; the rms value is plotted for noise; and maximum is plotted for vibration 

(velocity). 

Statistical comparisons 

192. Statistical tables provide a quantitative comparison of any curve 

to the signature curve. The microcomputer calculates the area between the 

signature curve and the comparison curve for an arbitrarily selected discharge 

range from 1,500 to 2,500 gpm. This range was selected as the discharge cor

responding to a likely operating head range of 16 to 29 ft (see H versus Q 

curve). The statistical comparisons are shown in Figures 116-119 for 

Tests J-94 through J-97, respectively. These comparisons made between the 

signature and the individual base test curves (used to derive the signature 

177 



curve) provide an indication of the allowable margin of the system. 

193. Vibration (velocity). The vibration varies from a maximum area of 

5.2847 ips x gpm above the signature (J-94) curve to a maximum area of 

12.8324 ips x gpm below the signature curve (J-97) (Figures 116 and 119, re

spectively). This indicates an allowable system margin for vibration of 

+13 ips x gpm. For individual interest, the maximum and minimum vibration 

values are also given in this table with respect to the discharge. The maxi

mum values of all four base tests were less than 0.14 ips in the specified 

discharge range (1,500 to 2,500 gpm). The maximum values for all four base 

tests occurred at 1,500 gpm. This is largely due to the cavitation that tends 

to increase as the head pressure increases. The minimum vibration occurred 

between 1,660 and 2,000 gpm for the four base tests for pump 1. This range is 

at maximum efficiency and toward higher head pressure. 

194. Total head. The area above the signature curve in the discharge 

range of 1,500 to 2,500 gpm for the four base tests varied from 0 to 148.37 ft 

x gpm. The area below the signature curve for the same four base tests for 

the same discharge range varied from 8.72 to 375.28 ft x gpm. This indicates 

an allowable system margin of approximately ±400 ft x gpm. The maximum total 

head for the designated discharge range for the base tests for pump 1 varied 

from 27.9 to 28.4 ft, and all occurred at the lower discharge limit of 

1,500 gpm. The corresponding minimum head varied from 15.3799 to 16.1816 ft 

and occurred at the upper discharge limit of 2,500 gpm. 

195. Noise. The area above the signature curve for pump 1 noise for 

the designated discharge range (1,500 to 2,500 gpm) for the base curves varied 
4 

from 0 to 4.1 x 10 psi x gpm. The corresponding area below the signature 

curve varied from 14.7 x 104 to 42.3 x 104 psi x gpm. This indicates anal-
4 lowable pump 1 system noise margin of approximately +45 x 10 psi x gpm. The 

maximum noise for the pump 1 base tests for the designated discharge range 
. -4 

varied from 0.538 to 0.576 x 10 psi, and all occurred at the lower discharge 

limit (1,500 gpm) where cavitation begins. The minimum noise level (for the 

same base tests and discharge range) varied from 0.432 x 10-4 to 0.448 
-4 

x 10 ft and occurred at discharges of 1,880 to 2,250 gpm. This is near the 

peak and to the right of maximum efficiency. 

196. Shaft horsepower. The area above the shaft horsepower signature 

curve (but below the four base curves) for pump 1 varied from 0 to 53.954 hp 

x gpm. The corresponding area below the signature curve (from Figures 116-119) 
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varied from 71.4 hp x gpm to 0 hp x gpm. This would indicate a pump 1 horse

power system allowable margin of approximately ±75 hp x gpm. The maximum 

horsepower varied from 14.6834 to 14.8091 hp and occurred between 1,710 and 

1,880 gpm. This is just left of the maximum efficiency zone. The minimum 

horsepower varied from 13.5687 to 13.7736 hp--all occurred at the upper dis

charge limit where the horsepower continues to drop as the head is decreased. 

197. Efficiency. The area above the signature curve varied from 0 to 

865.94 percent x gpm for the four base tests. The area below the signature 

curve varied from 0 to 1,160.54 percent x gpm. This indicates an allowable 

system margin of ±1,160 percent x gpm for pump 1 efficiency. The maximum ef

ficiency range for the four base tests was from 79.3983 to 81.4386 percent and 

occurred in the discharge range of 1,970 to 2,040 gpm, which is near the 

optimum operating range for this pump. The minimum efficiency range for the 

four base tests was 71.2032-73.5902 percent. One of the low efficiency points 

occurred at the low discharge (1,500 gpm) limit (high head) and the other 

three minimum efficiency points were at the upper discharge (2,500 gpm) limit 

(low head). 

Research data 

198. The pump 1 research data tabulations (Figures 120-123) include 

both raw data and calculated data for the four pump 1 base tests. The raw 

data were collected simultaneously from all gages at each reading. The re

search data sheets list five lines of data at each reading; each of these 

lines of data is the result of 500 random data samples. The reasons for the 

high random sampling rate are explained in Part IV of this report. Details of 

the calculated data methods are given in Part V of this report. Correlations 

may be made between readings of the research data figures and the statistical 

comparison figures to obtain more exace evaluations of sumps. 

Pump flow pattern 

199. Figure 124 shows the flow pattern for the 

flow pattern is for the dimensionless discharge ratio 

pump 1 base 
Q/gl/2D5/2 

sump. The 

of 0.4. 

The pattern does vary with a change in the value of the ratio; however, this 

value was selected as a typical value for comparison with future sumps. This 

flow pattern alone is interesting, but its true value will become more appar

ent when it is compared with future sump patterns at the same di scharge ratio. 

Visual observation notes 

200. The visual observation notes for two of the pump 1 base tests are 

179 



shown in Figures 125 and 126. These notes were not recorded on all four of 

the tests because the results were so nearly identical. This is understand

able since the operating conditions were as nearly identical as could be con

trolled. 

201. A review of the visual notes for Test J-97 will show some of its 

value for sump comparisons (Figure 126). The test was begun on 8 July 1982 at 

hour 0800. The temperature of the water was 79° F and the air temperature was 
~ 

75° F. The barometric pressure was 29.92 in. Hg. At reading 1, pump 1 was 

operating at full discharge--approximately 2,870 gpm (Figure 123). Intermit

tent FV and intermittent BWV were visible. The intermittent BWV had dis

appeared at reading 3 (approximately 2,395 gpm), and the intermittent FV were 

gone at reading 7 (approximately 1,895 gpm). The test was completed at 

1000 hours (Figure 126). The air temperature was 84° F, the water temperature 

was 80° F, and the barometric pressure was 29.93 in. Hg. See Figure 126 for 

more details of visual observation notes. The reading numbers may be cor

related with the discharge values in the research data (Figure 123) to obtain 

numerical values of corresponding parameters. 

202. The indicated allowable system margins for sump 1 (between 1,500 

and 2,500 gpm) judging from all four base tests are as follows: 

Vibration (velocity) ±13 ips x gpm 

Total head +160 ft x gpm 
-4 Pump noise +42 x 10 psi x gpm 

Shaft horsepower 

Pump efficiency 

±72 hp x gpm 

+1,160 percent x gpm 

A visual knowledge of these values is obvious from Figure 127 where all four 

base tests are plotted on the same sheet along with the resultant signature 

curve. 

Pump 2 Signature Curves 

203. The following base tests were used to derive the signature curves 

for pump 2: 

020 - J-98 - 18 - 3.1 

020- J-99- 18- 3.1 

020- K-06- 18 - 3.1 

The graphic comparison of each of these tests with the newly developed 
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signature curves is shown by Figures 128-130, respectively. The quantitative 

differences between each of the base curves and the signature curve for pump 2 

are shown in Figures 131-133, respectively. The base curve for all three of 

the base tests are plotted on a single sheet (Figure 134) along with the 

pump 2 signature curves. This provides a relative idea of the allowable sys

tem margin for pump 2. These quantitative values are as follows: 

Vibration (velocity) 

Total head 

Pump noise 

Shaft horsepower 

Pump efficiency 

+6 ips x gpm 

±125 ft x gpm 

+92 x 10-4 psi 

±50 hp x gpm 

x gpm 

±790 percent x gpm 

The research data tabulations for pump 2 are shown in Figures 135-137. The 

sump 2 flow pattern and the visual observation notes are shown in Figures 138 

and 139, respectively. The visual observation notes were recorded only for 

Test J-99 (Figure 139) because the observations were almost identical as were 

the operating conditions for each of the two base tests. 

Pump 3 Signature Curves 

204. The following base tests were used to derive the signature curves 

for pump 3: 

003 - K-03 - 18 - 3.1 

003 - K-04 - 18 - 3.1 

003 - K-05 - 18 - 3.1 

Comparison of each base test curve with the signature curve is shown in Fig-

ures 140-142, where the signature curves are shown by solid lines alongside 

the base test curves (shown by dashed lines). The statistical comparisons, 

for the discharge range from 1,500 to 2,500 gpm, are shown by Figures 143-145. 

An approximation of the allowable system margins can be seen from these by 

selecting the maximum deviations of areas above and below the signature curve 

as follows: 

Vibration (velocity) 

Total head 

Pump noise 

Shaft horsepower 

Pump efficiency 
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±7 ips x gpm 

±160 ft x gpm 
-4 ±105 x 10 psi x ~pm 

±24 hp x gpm 

±494 percent x gpm 



These differences may be more easily visualized from Figure 146 which has all 

three base tests superimposed on the same sheet alongside the signature 

curves. The research data tabulations are shown in Figures 147-149. The 

pump 3 flow pattern is shown in Figure 150 and the visual observation notes in 

Figure 151. The notes and flow pattern were only recorded for one of the base 

tests since the operating conditions of all three of the pump 3 base tests 

were identical or as nearly as could be controlled. 

System Allowable Margins 

205. The amount of the base curve deviation from the signature curves 

has been tabulated for each of the pumps in the preceding paragraphs. This 

deviation represents the maximum areas between the base tests and the signature 

curve. The maximum area deviation above or below the signature curve is then 

designated plus or minus--allowing that a maximum deviation, if base testing 

continued, could occur alternately above and below the signature curves. For 

future test curve comparisons, it would not be expected that a sump could be 

classified adverse on the basis of the signature curve comparison alone if an 

area deviation of its corresponding signature curve was less than that for any 

of the corresponding base curve comparisons. For that reason, the following 

system allowable margin guidelines are extractions of the maximum area devia

tions considering the whole of the 10 base test comparisons for all three 

pumps: 

Vibration (velocity) 

Total head 

Pump noise 

Shaft horsepower 

Pump efficiency 

±13 ips x gpm 

±160 ft x gpm 
-4 ±105 x 10 psi x gpm 

±72 hp X gpm 

±1,160 percent x gpm 

These data values alone are not firm criteria for rejection of a particular 

sump as a bad sump, but do provide some guidelines to be used with the other 

tools discussed in this section: visual observation notes, sump flow pat

terns, research data, and the curves themselves. 
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00 
00 

TEST RUH HO. 100-J94-018-3.1 2 JUL 82 ALL MEASUREMEHTS BETWEEH DISCHARGE OF 1500 & 2500 GPM 

PUMP 1 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I 8GPM MIHIMUM VALUE I &GPM : I 
I 

VELOCITY 5.2847 IPS•GPM .2612 IPS•GPM .134251 IPS l15oo 
_! 

GPM .106275 IPS :1900 
! 

GPM 

TOTAL HEAD 101.80 FT•GPM 8.72 FT•GPM 28.11590 FT !t5oo GPM 16.18160 FT !2500 GPM 

PUMP HOISE .00000 PSI•GPM .00263 PSI•GPfll .0000568 PSI !t5oo GPM .0000444 PSI !2250 GPM 

SHAFT POWER 53.954 HP•GPM .000 HP•GPM 14.80910 HP :1880 GPM 13.77360 HP l2500 GPM 
I I 

PUMP EFFICIEHCY 130.97 % • GPM 78.30 % • GPM 80.51590 % l2040 GPM 73.33090 % l15oo GPM 
I I 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ttGPM MIHIMUM VALUE I 4tGPM I I 
I I 

VELOCITY : : 
! ! 
I : TOTAL HEAD I 

_! _!_ 

PUMP HOISE 
I I 
I I 
I I 

SHAFT POWER I I 
I I 
I I 

PUMP EFFIClEHCY I I 
I I 
I I 

PUMP 3 
PARAMETER AREA BELOW BASE CURVE 

I I 
AREA ABOVE BASE CURVE MAXIMUM VALUE I 4tGPM MIHIMUM VALUE I 8GPM I I 

I I 

VELOCITY : : 
I _! 

TOTAL HEAD : : 
I ! 

PUMP HOISE I I 
I I 
I I 

SHAFT POWER I I 
I I 
I I 

PUMP EFFICIENCY I I 
I I 
I I 

Figure 116. Statistical comparison pump 1, Test J-94, sump 18, submergence 3.1 ft 
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1..0 

TEST RUH HO. 100-J95-018-3.1 6 JUL 82 ALL MEASUREMENTS BETWEEH DISCHARGE OF 1500 & 2500 GPM 

PUMP 1 
BASE CURVE I I PARAMETER AREA ABOVE BASE CURVE AREA BELOW MAXIMUM VALUE I eGPM MIHIMUM VALUE I &GPM 

l : 
VELOCITV 1.5193 IPS•GPM .4039 lPS•GPM .134414 IPS l1500 

! 
GPM .105775 IPS ;2000 

I GPM 

TOTAL HEAD 148.37 FT•GPM .00 FT•GPM 28.35800 FT !15oo GPM 15.91510 FT !2500 GPM 

PUMP HOISE .00000 PSI•GPM .00423 PSI•GPM .0000576 PSI !15oo GPM .0000432 PSI !2230 GPM 

SHAFT POWER .000 HP•GPM 71.372 HP•GPM 14.68340 HP !1810 GPM 13.61400 HP !2500 GPM 

PUMP EFFICIEHCV 865.94 I • GPM .00 I • GPM 81.43860 I l2020 
I 

GPM 73.59020 I l2500 
I 

GPM 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I eGPM MIHIJIIUM VALUE I eGPM : : 
VELOCITV : ; 

! I 
_.l 

I ; TOTAL HEAD I 
I ! 

·I I 
PUMP HOISE I I 

I 1 
I I SHAFT POWER I I 
I I 

I I PUMP EFFICIEHCV I I 
I I 

PUMP 3 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAX II'IUM VALUE I IGPM JIIIHIMUM VALUE I eGPM I I 
I I 

VELOCITV ! i 
• ! 

TOTAL HEAD ; 
! 
I 

PUMP HOISE I 
I 

I SHAFT POWER I 
I 

I PUMP EFFICIEHCV I 
I 

Figure 117. Statistical comparison pump 1, Test J-95, sump 18, submergence 3.1 ft 



TEST RUH HO. 100-JSS-018-3.1 7 JUL 82 ALL MEASUREMEHTS BETWEEH DISCHARGE Of 1500 & 2500 GPM 

PUMP 1 
I 

M1HIMUM VALUE 
I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE fltAXJMUM VALUE I eGPM I &GPM : : 
VELOCITY 5.5059 IPS•GPM .2022 IPS•GPM .137146 IPS l15oo GPM .105060 IPS l1810 GPM 

! ; 

TOTAL HEAD .00 FT•GPM 375.28 FT•GPM 27.89740 fT !15oo GPM 15 . 37990 FT !2500 GPM 
; 

PUMP HOISE .00001 PSI•GPM . 00303 PSIIlGPM . 0000538 PSI !1500 GPM . 0000440 PSI !2120 GPM 

SHAFT POWER 4.150 HPilGPM 45.937 HP•GPM 14.73300 HP l1710 
I 

GPM 13.56870 HP !2500 GPM 

PUMP EffiCIEHCY .00 % • GPM 1160.54 % • GPM 79.39830 % l1980 GPM 71 . 20320 % l2500 GPM 
I I 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE JltAXIMUM VALUE I eGPM fiUHIMUM VALUE I eGPM : I 
I 

VELOCITY : T 
! ! 

TOTAL HEAD 
I : I 

! ! 
I I 

PUMP HOISE I I 
I I 

SHAFT POWER 
I I 
I I 
I I 

PUMP EffiCJEHCY I I 
I I 
I I 

PUMP 3 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE 

I I 
JltAXIMUM VALUE I &GPM JltlHIMUM VALUE I eGPM I I 

I I 

VELOCITY : : 
! ! 

TOTAL HEAD : r 
! I 

PUMP HOISE 
I I 
I I 
I I 

SHAFT POWER I I 
I I 
I I 

PUMP EffiClEHCY I I 
I I 
I I 

Figure 118. Statistical comparison pump 1, Test J-96, sump 18, submergence 3.1 ft 



TEST RUH HO. 100-J97-018-3.1 8 JUL 82 ALL MEASUREMEHTS BETWEEH DISCHARGE OF 1500 1 2500 GPM 

PUMP 1 
BASE CURVE MAXIMUM VALUE 

I I 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW I eGPM MIHIMUM VALUE I eGPM : : 

VELOCITY .0000 IPS•GPM 12.8324 IPS•GPM .117357 IPS !t5oo GPM .097253 IPS i 1660 
! 

GPM 

TOTAL HEAD 3.34 FT•GPM 44.92 FT•GPM 28.11020 FT !1500 GPM 15.89810 FT !2500 GPM 
_i 

PUMP HOISE .00041 PSI•GPM .00147 PSI•GPM .0000570 PSI !t5oo GPM .0000448 PSI ! 1880 GPM 

SHAFT POWER 23.943 HP•GPM .000 HP•GPM 14.77010 HP :1740 
I 

GPM 13.71700 HP !2500 GPM 

PUMP EFFICIEHCY 19.37 I • GPM 297.62 I • GPM 80.17790 I :1970 
I 

GPM 72.95080 I !2500 GPM 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I eGPM MINIMUM VALUE I eGPM : I 
I 

VELOCITY : : 
I ! 
I : TOTAL HEAD I 
I ! 
t I 

PUMP HOISE I I 
I I 

I I 

SHAFT POWER I I 
I I 

I I 

PUMP EFFICIEHCY I I 
I I 

PUMP 3 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I eGPM MIHIMUM VALUE I eGPM I I 
I I 

VELOCITY ! : 
i ! 

TOTAL HEAD : 
! 
I 

PUMP HOISE I 
I 

I 

SHAFT POWER I 
I 

I 
PUMP EFFICIEHCV I 

I 

Figure 119. Statistical comparison pump 1, Test J~97, sump 18, submergence 3.1 ft 
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\0 
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REAO,OISC-,SUBME-,STATICaVELOCa TOTALITORQUE:VOL-aCUR-aMOTORaSHAFTIWATERaMOTORaPUMPaSHAFTrVELOCITV a HOISE aPRESSURE 
H0.1HARGE:RGEHCEa HEAD 1 HEAOa HEAD a :TAGEaREHTrPOWERaPOWER.POWER:EFF. aEFF.1SPEEOaRMS 1 MAXa RMS 1MIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM : FEET : FEET 1 FEETc FEET 1 FT•LBcVOLT1AMPS1 HP 1 HP a HP a % 1 % 1 RPM riPS : IPSa PSI aFEET:FEET 

3036 3.10 
3036 3.10 
3034 3.10 
3036 3.10 
3037 3.10 
2792 3.10 
2794 3.10 
2791 3.10 
2789 3.10 
2796 3.10 
2600 3.10 
2601 3.10 
2604 3.10 
2604 3.10 
2605 3.10 
2384 3.10 
2383 3.10 
2380 3.10 
2389 3.10 
2385 3.10 
2210 3.10 
2209 3.10 
2208 3.10 
2207 3.10 
2211 3.10 
2092 3.10 
2091 3.10 
2089 3.10 
2090 3.10 
2088 3.10 

-1.63 
-1.68 
-1.66 
-1.66 
-1 .68 
3.62 
3.65 
3.62 
3.68 
3.59 
7.72 
7.75 
7.72 
7.74 
7.75 

11.22 
11.23 
11.19 
11.22 
11.23 
14.22 
14.25 
14.25 
14.22 
14.25 
16.17 
16.16 
16.16 
16.16 
16.22 

2.39 5.253 33.42 
2.39 5.208 33.54 
2.38 5.222 33.56 
2.39 5.225 33.48 
2.39 5.208 33.41 
2.02 10.145 36.97 
2.02 10.182 36.94 
2.02 10.146 36.97 
2.01 10.200 37.08 
2.02 10.128 36.98 
1.75 13.982 39.56 
1.75 14.008 39.55 
1.76 13.985 39.61 
1.76 14.003 39.58 
1.76 14.014 39.62 
1.47 17.200 41.93 
1.47 17.206 41.91 
1.47 17.163 41.88 
1.48 17.203 41.95 
1.47 17.211 41.86 
1.26 19.990 43.00 
1.26 20.026 43.07 
1.26 20.023 43.04 
1.26 19.990 43.02 
1.26 20.025 43.07 
1.13- 21.806 43.56 
1.13 21.796 43.58 
1.13 21.797 43.54 
1.13 21.801 43.52 
1.13 21.856 43.62 

477 15.9 17.66 11.29 
477 15.9 17.68 11.33 
477 15.9 17.69 11.34 
477 15.9 17.66 11.31 
477 15.9 17.66 11.29 
476 16.3 18.10 12.49 
476 16.3 18.09 12.48 
476 16.3 18.10 12.49 
476 16.3 18.11 12.53 
476 16.3 18.10 12.49 
479 16.6 18.49 13.37 
479 16.6 18,49 13.36 
479 16.6 18.50 13.38 
478 16.6 18.49 13.37 
478 16.6 18.49 13.39 

4.03 63.93 35.6 
3.99 64.09 35.2 
4.00 64.11 35.3 
4.01 64.07 35.4 
3.99 63.93 35.4 
7.16 69.01 57.3 
7.19 68.99 57.6 
7.16 69.00 57.3 
7.19 69.19 57.3 
7.16 69.04 57.2 
9.19 72.29 68.7 
9.21 72.26 68.9 
9.20 72.35 68.7 
9.22 72.33 68.9 
9.23 72.39 68.9 

480 16.9 18.91 14.17 10.36 74.94 73.1 
480 16.9 18.90 14.16 10.37 74.91 73.2 
480 16.9 18.90 14.15 10.33 74.86 72.9 
480 16.9 18.92 14.18 10.39 74.94 73.2 
480 16.9 18.90 14.14 10.38 74.82 73.3 
479 17.1 19.05 14.53 11.17 76.25 76.8 
479 17.1 19.05 14.55 11.18 76.38 76.8 
~79 17.1 19.04 14.54 11.17 76.37 76.8 
479 17.1 19.04 14.53 11.15 76.35 76.7 
479 17.1 19.04 14.55 11.19 76.43 76.9 
479 17.1 - 19.11 14.72 11.53 77.04 78.3 

I 

479 17.1 19.11 14.72 11.52 77.05 78.2 
479 17.1 19.11 14.71 11.51 76.98 78.2 
479 17.1 19.12 14.70 11.52 76.92 78.3 
480 17.1 19.14 14.74 11.53 77.00 78.2 

1775 .043 .136 .000061 3.48 3.74 
1775 .039 .118 .000060 3.59 3.73 
1775 .039 .112 .000059 3.56 3.73 

• 
1775 .040 .123 .000059 3.46 3.72 
1775 .040 .108 .000059 2.96 3.72 
1775 .038 .100 .000052 3.09 3 .69 
1775 .034 .087 .000053 3.58 3.71 
1775 .042 .119 .000052 3.36 3.69 
1775 .040 .117 .000052 3.60 3.71 
1775 .042 .144 .000057 3.58 3.71 
1775 .039 .100 .000044 3.24 3.71 
1775 .040 .102 .000045 3.57 3.70 
1775 .043 .124 .000048 3.59 3.72 
1775 .036 .101 .000048 3.48 3.71 
1775 .042 .118 .000047 3.60 3.71 
1775 .045 .133 .000046 3.52 3.71 
1775 .035 .096 .000041 3.63 3.72 
1775 .037 .142 .000042 3.62 3.71 
1775 .049 .149 .000045 3.57 3.72 
1775 .049 .127 .000048 3.60 3.69 
1775 .044 .135 .000041 3.38 3.72 
1775 .037 .114 .000044 3.21 3.69 
1775 .043 .110 .000045 3.59 3.72 
1775 .041 .117 .000042 3.55 3.72 
1775 .046 .138 .000046 3.45 3.74 
1775 - .038 .102 .000045 3.61 3.70 
1775 .054 .137 .000048 3.53 3.71 
1775 .039 .106 .000047 3.63 3.72 
1775 .039 .099 .000040 3.56 3.71 
1775 .041 .096 .000046 3.57 3.72 

TEST RUH HO. 100-J94-018-3.1 2 JUL 82 

Figure 120. Research data; pump 1, Test J-94, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READrDISC-rSUBME-rSTATICrVELOCs TOTALrTORQUErVOL-aCUR-IMOTORrSHAFTrWATERIMOTORaPUMPrSHAFTaVELOCJTV a HOISE aPRESSURE 
HO.rHARGEaRGEHCE1 HEAD 1 HEADr HEAD 1 cTAGEaREHTrPOWERrPOWERrPOWER1EFF. 1EFF.aSPEEDaRMS a MAX1 RMS 1MIH 1 MAX 

7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

• GPM a FEET • FEET 1 FEETr FEET 1 FT•LB1VOLT1AMPSr HP 1 HP 1 HP 1 1 1 1 r RPM riPS a IPSr PSI 1 FEET 1 FEET 

1994 3.10 17.47 
1996 3.10 17.46 
1995 3.10 17.45 
1998 3.10 17.47 
1994 3.10 17.48 
1898 3.10 18.76 
1904 3.10 18.77 
1898 3.10 18.77 
1898 3.10 18.82 
1897 3.10 18.79 
1805 3.10 19.93 
1806 3.10 19.95 
1804 3.10 19.96 
1803 3.10 19.92 
1808 3.10 19.94 
1710 3.10 20.95 
1712 3.10 20.98 
1713 3.10 20.98 
1709 3.10 20.95 
1714 3.10 20.96 
1609 3.10 21.92 
1612 3.10 21.90 
1607 3.10 21.91 
1610 3.10 21.89 
1613 3.10 21.92 
1491 3.10 22.45 
1494 3.10 22.44 
1493 3.10 22.45 
1499 3.10 22.45 
1496 3.10 22.45 

1.03 23.605 43.76 480 17.2 19.18 14.79 11.90 77.11 80.5 
1.03 23.594 43.73 480 17.2 19.17 14.78 11.90 77.09 80.5 
1.03 23.590 43.78 480 17.2 19.17 14.80 11.90 77.18 80.4 
1.04 23.609 43.78 480 17.2 19.16 14.80 11.93 77.22 80.6 
1.03 23.615 43.75 479 17.2 19.15 14.79 11.90 77.23 80.5 

.93 24.801 43.82 480 17.2 19.20 14.81 11.90 77.15 80.4 

.94 24.813 43.81 480 17.2 19.20 14.81 11.94 77.12 80.7 

.93 24.810 43.82 480 17.2 19.20 14.81 11.90 77.13 80.4 

.93 24.856 43.86 480 17.2 19.20 14.82 11.93 77.19 80.5 

.93 24.832 43.79 480 17.2 19.19 14.80 11.91 77.12 80.5 

.84 25.878 43.75 481 17.2 19.23 14.79 11.81 76.87 79.8 

.85 25.901 43.85 481 17.2 19.25 14.82 11.83 77.01 79.8 

.84 25.906 43.81 481 17.2 19.24 14.81 11.82 76.95 79.8 

.84 25.870 43.78 481 17.2 19.24 14.80 11.79 76.90 79.7 

.85 25.890 43.81 481 17.2 19.25 14.81 11.84 76.90 79.9 

.76 26.813 43.71 481 17.2 19.23 14.77 11.59 76.82 78.5 

.76 26.839 43.77 481 17.2 19.24 14.79 11.61 76.89 78.5 

.76 26.849 43.78 481 17.2 19.23 14.80 11.63 76.93 78.6 

.76 26.810 43.74 481 17.2 19.22 14.78 11.58 76.91 78.3 

.76 26.825 43.73 481 17.2 19.23 14.78 11.62 76.85 78.7 

.67 27.693 43.69 481 17.2 19.19 14.77 11.26 76.95 76.3 

.67 27.676 43.69 481 17.2 19.19 14.77 11.28 76.97 76.4 

.67 27.683 43.69 481 17.2 19.19 14.77 11.24 76.93 76.1 

.67 27.671 43.65 481 17.2 19.18 14.75 11.27 76.90 76.4 

.67 27.700 43.70 481 17.2 19.19 14.77 11.29 76.96 76.5 

.58 28.132 42.98 481 17.1 19.10 14.53 10.60 76.06 73.0 

.58 28.123 42.99 481 17.1 19.09 14.53 10.62 76.10 73.1 

.58 28.131 42.94 481 17.1 19.09 14.51 10.62 76.04 73.2 

.58 28.134 42.97 481 17.1 19.09 14.52 10.66 76.06 73.4 

.58 28.133 42.98 481 17.1 19.09 14.52 10.64 76.08 73.2 

1775 .036 .086 .000049 3.62 3.71 
1775 .051 .136 .000052 3.53 3.70 
1775 .050 .128 .000051 3.61 3.70 
1775 .051 .134 .000046 3.60 3.71 
1775 .057 .152 .000046 3.62 3.72 
1775 .040 .126 .000046 3.63 3.71 
1775 .037 .101 .000049 3.61 3.72 
1775 .033 .090 .000048 3.63 3.70 
1775 .035 .08~ .000048 3.60 3.70 
1775 .034 .091 .000047 3.58 3.71 
1775 .055 .141 .000043 3.46 3.70 
1775 .047 .133 .000045 3.60 3.70 
1775 .049 .119 .000046 3.58 3.70 
1775 .035 .089 .000047 3.55 3.71 
1775 .048 .136 .000048 3.32 3.70 
1775 .041 .100 .000047 3.62 3.72 
1775 .040 .104 .000045 3.63 3.71 
1775 .039 .111 .000044 3.63 3.71 
1775 .033 .099 .000043 3.62 3.72 
1775 .038 .099 .000045 3.63 3.72 
1775 .041 .144 .000051 3.62 3.73 
1775 .048 .122 .000050 3.61 3.75 
1775 .043 .111 .000045 3.62 3.74 
1775 .042 .102 .000047 3.60 3.72 
1775 .046 .128 .000050 3.62 3.73 
1775 .044 .142 .000055 3.60 3.74 
1775 .047 .157 .000055 3.58 3.73 
1775 .045 .109 .000058 3.60 3.76 
1775 .045 .141 .000058 3.59 3.75 
1775 .052 .131 .000057 3.59 3.74 

TEST RUH HO. 100-J94-018-3.1 2 JUL 82 

Figure 120. (Sheet 2 of 3) 



READaDISC-aSUBME- aSTATICaVELOCa TOTAltTORQUEaVOL-aCUR-IMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV 1 HOISE 1PRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEADa HEAD 1 aTAGE1REHT1POWERaPOWER1POWERrEFF. aEFF.aSPEEDtRMS 1 MAXa RMS rMIH 1 MAX 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

1 GPM 1 FEET 1 FEET a FEETt FEET 1 FT•LBaVOLT1AMPSa HP 1 HP 1 HP 1 % a % a RPM tiPS 1 IPSa PSI rFEET1FEET 

1406 3.10 
1411 3.10 
1412 3.10 
1412 3.10 
1406 3.10 
1298 3.10 
1301 3.10 
1299 3.10 
1298 3.10 
1303 3.10 
1208 3.10 
1212 3.10 

22.67 
22.68 
22.66 
22.68 
22.70 
22.58 
22.64 
22.59 
22.61 
22.68 
22.63 
22.66 

1211 3.10 22.64 
1208 3.10 
1214 3.10 
1074 3.10 
1077 3.10 
1077 3.10 
1080 3.10 
1075 3.10 
813 3.10 
811 3.10 
809 3.10 
811 3.10 
813 3.10 

22.63 
22.64 
23.19 
23.22 
23.23 
23.23 
23.16 
25.90 
25.85 
25.83 
25.85 
25.84 

.51 28.288 

.52 28.301 

.52 28.283 

.52 28.304 

.51 28.314 

.44 28.124 

.44 28.188 

.44 28.128 

.44 28.154 

.44 28.222 

.38 28.112 

.38 28.141 

42 . 19 481 17.0 19.01 14.26 10.05 75.03 70.5 
42.19 481 17.0 18.99 14.26 10.09 75.07 70.8 
42.19 481 17.0 18.99 14.26 10.10 75.06 70.8 
42.21 481 17.0 19.00 14.26 10.10 75.10 70.8 
42.29 481 17.0 19.00 14.29 10.07 75.21 70.4 
40.72 482 16.8 18.81 13.76 9 . 23 73.17 67.1 
40.81 482 16.8 18.83 13.79 9.27 73.24 67.2 
40.70 482 16.8 18.81 13.76 9.24 73.13 67.1 
40.78 482 16.8 18.83 13.78 9.24 73.21 67.0 
40.94 482 16.8 18.84 13.84 9.30 73.45 67.2 
39.70 481 16.7 18.63 13.42 8.58 72.04 64.0 
39.81 481 16.7 18.65 13.45 8.62 72.16 64.1 

1775 .052 .157 .000070 3.55 3.79 
1775 .0~9 .128 .000067 3.55 3.81 
1775 .049 .i37 .000069 3.56 3.79 
1775 .051 .122 .000069 3.58 3.76 
1775 .052 .163 .000064 3.5~ 3.77 
1775 .071 .265 .000093 3.52 3.82 
1775 .067 .18~ .000091 3.54 3.83 
1775 .062 .209 .000099 3.53 3.81 
1775 .069 .225 .000092 3.52 3.83 
1775 .064 .186 .000087 3.53 3.82 
1775 .077 .236 .000116 3.48 3.88 
1775 .081 .260 .000115 3.47 3.88 

.38 28.125 39.76 481 16.7 18.64 13.44 8.61 72.10 64.1 1775 .078 .270 .000121 3.47 3.89 

.38 28.117 39.76 

.38 28.129 39.77 

.30 28.593 39.57 

.30 28.629 39.64 

.30 28.638 39.61 

.30 28.641 39.64 

.30 28.561 39.51 

.17 31.175 41.44 

.17 31.126 41.37 

.17 31.106 41.34 

.17 31.121 41.35 

.17 31.116 41.31 

481 16.7 18.63 13.44 8.59 72.12 63.9 
481 16.7 18.62 13.44 8.63 72.17 64.2 
482 16.7 18.63 13.37 7.77 71.79 58.1 
482 16.7 18.64 13.40 7.80 71.88 58.2 
482 16.7 18.65 13.39 7.80 71.79 58.2 
482 16.7 18.65 13.40 7.82 71.81 58.4 
482 16.7 18.64 13.35 7.76 71.64 58.1 
481 16.9 18.89 14.00 6.40 74.16 45.7 
481 16.9 18.87 13.98 6.38 74.08 45.6 
481 16.9 18.87 13.97 6.36 74.02 45.5 
481 16.9 18.88 13.97 6.38 74.02 45.7 
481 16.9 18.88 13.96 6.39 73.96 45.8 

1775 .080 .269 .000121 3.53 3.89 
1775 .083 .342 .000117 3.50 3.86 
1775 .110 .407 .000116 3.32 4.05 
1775 .109 .290 .000125 2.83 4.08 
1775 .106 .298 .000127 3.09 4.07 
1775 .108 .293 .000127 3.35 4.07 
1775 .105 .280 .000122 3.27 4.05 
1775 .126 .460 .000138 1.55 4.42 
1775 .123 .372 .000130 -.35 4.49 
1775 .129 .366 .000130 -.80 4.45 
1775 .124 .315 .000128 1.35 4.39 
1775 .115 .356 .000138 .84 4.48 

TEST RUH HO. 100-J94-018-3.1 2 JUL 82 

Figure 120. (Sheet 3 of 3) 



READIDISC-~SUBME-:STATICIVELOCI TOTALaTORQUEaVOL-aCUR-1MOTOR1SHAFTaWATERaMOTOR1PUMP1SHAFTaVELOCITV 1 HOISE 1PRESSURE 
H0.1HARGEaRGEHCE1 HEAD 1 HEAD1 HEAD 1 :TAGEaREHTrPOWERrPOWERrPOWERaEFF. rEFF.aSPEEDaRHS a MAMa RMS aMIH 1 MAX 

1 GPM 1 FEET 1 FEET 1 FEETr FEET • FT•LBaVOLTaAMPSI HP 1 HP r HP 1 % 1 X a RPM alPS 1 IPSa PSI 1FEET1FEET 

1 2898 3.10 1.52 
1 2894 3.10 1.56 
1 2897 3.10 1.56 
1 2897 3.10 1.53 
1 2893 3.10 1.59 
2 2622 3.10 6.86 
2 2620 3.10 6.89 
2 2619 3.10 6.87 
2 2620 3.10 6.93 
2 2625 3.10 6.90 
3 2403 3.10 11.01 
3 2403 3.10 11.01 
3 2402 3.10 11.00 
3 2398 3.10 11.00 
3 2397 3.10 11.05 
4 2199 3.10 14.49 
4 2199 3.10 14.46 
4 2196 3.10 14.49 
4 2193 3.10 14.50 
4 2196 3.10 14.50 
5 2088 3.10 16.17 
5 2089 3.10 16.24 
5 2090 3.10 16.20 
5 2091 3.10 16.23 
5 2091 3.10 16.24 
6 1996 3.10 17.51 
6 2005 3.10 17.51 
6 1997 3.10 17.52 
6 1999 3.10 17.52 
6 1999 3.10 17.51 

2.18 8.799 35.31 479 16.1 17.90 11.93 6.45 66.69 54.0 
2.17 .8.838 35.36 479 16.1 17.90 11.95 6.47 66.78 54.1 
2.18 8.845 35.30 479 16.1 17.88 11.93 6.48 66.72 54.3 
2.18 8.813 35.24 479 16.1 17.87 11.91 6.46 66.64 54.2 
2.17 8.862 35.31 479 16.1 17.87 11.93 6.48 66.79 54.3 
1.78 13.750 38.92 479 16.6 18.44 13.15 9.12 71.32 69.3 
1.78 13.776 38.90 479 16.6 18.44 13.15 9.12 71.29 69.4 
1.78 13.757 38.91 479 16.6 18.45 13.15 9.11 71.28 69.3 
1.78 13.815 39.01 479 16.6 18.47 13.19 9.15 71.40 69.4 
1.79 13.788 38.93 479 16.6 18.47 13.16 9.15 71.24 69.5 
1.50 17.614 41.30 478 16.9 18.77 13.96 10.70 74.36 76.7 

1775 .033 .099 .000047 3.57 3.76 
1775 .030 .075 .000049 3.36 3.76 
1775 .034 .085 .000046 3.60 3.74 
1775 .042 .123 .000052 3.58 3.76 
1775 .038 .103 .000051 3.42 3.77 
1775 .047 .124 .000044 3.63 3.72 
1775 .064 .167 .000043 3.34 3.74 
1775 .039 .099 .000042 3.45 3.74 
1775 .042 .113 .000047 3.63 3.73 
1775 .035 .084 .000045 3.58 3.71 
1775 .050 .129 .000045 3.56 3.74 

1.50 17.612 41.31 478 16.9 18.78 13.96 10.70 74.35 76.6 1775 .046 .135 .000046 3.64 3.74 
1.50 17.599 41.28 478 16.9 18.77 13.95 10.69 74.31 76.6 1775 .047 .120 .000044 3.65 3.76 
1.49 17.599 41.30 478 16.9 18.77 13.96 10.67 74.35 76.4 1775 .038 .091 .000044 3.65 3.74 
1.49 17.641 41.34 478 16.9 18.77 13.97 10.69 74.45 76.5 1775 .038 .097 .000047 3.04 3.74 
1.25 20.852 42.79 478 17.1 18.98 14.46 11.59 76.19 80.2 1775 .046 .140 .000040 3.65 3.76 
1.25 20.821 42.80 478 17.1 18.98 14.46 11.58 76.22 80.0 1775 .034 .073 .000045 3.67 3.76 
1.25 20.848 42.79 478 17.1 18.98 14.46 11.58 76.18 80.1 1775 .041 .104 .000039 3.48 3.74 
1.25 20.855 42.82 478 17.1 18.98 14.47 11.56 76.25 79.9 1775 .050 .153 .000044 3.48 3.73 
1.25 20.855 12.87 478 17.1 18.98 14.49 11.58 76.32 79.9 1775 .037 .106 .000045 3.59 3.76 
1.13 22.405 43.15 478 17.1 19.03 14.58 11.83 76.64 81.1 1775 .051 .119 .000042 3.65 3.74 
1.13 22.472 43.21 478 17.2 19.03 14.60 11.87 76.73 81.3 1775 .042 .106 .000046 3.59 3.74 
1.13 22.443 43.15 478 17.1 19.03 14.58 11.86 76.63 81.3 1775 .039 .101 .000048 3.63 3.76 
1.13 22.464 43.17 478 17.1 19.04 14.59 11.88 76.64 81.4 1775 .050 .133 .000045 3.65 3.76 
1.13 22.474 43.20 478 17.2 19.04 14.60 11.88 76.71 81.4 1775 .041 .111 .000044 3.67 3.77 
1.03 23.648 43.42 478 17.2 19.05 14.67 11.93 77.04 81.3 1775 .043 .094 .000045 3.66 3.75 
1.04 23.660 43.42 478 17.2 19.05 14.68 11.99 77.05 81.7 1775 .036 .098 .000049 3.67 3.74 
1.03 23.658 43.43 477 17.2 19.04 14.68 11.94 77.09 81.4 1775 .045 .135 .000042 3.60 3.74 
1.04 23.664 43.46 477 17.2 19.04 14.69 11.96 77.14 81.4 1775 .040 .101 .000046 3.68 3.76 
1.04 23.654 43.40 477 17.2 19.03 14.67 11.95 77.06 81.5 1775 .034 .080 .000051 3.62 3.75 

TEST RUH HO. 100-J95-018-3.1 6 JUL 82 

Figure 121. Research data; pump 1, Test J-95, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) . 



READaDISC-aSUBME-aSTATICaVELOCI TOTALrTORQUEzVOL-aCUR-aMOTORaSHAFT1WATER1MOTOR1PUMPISHAFT1VELOCITV 1 HOISE aPRESSURE 
HO.aHARGE1RGEHCE1 HEAD a HEAD1 HEAD c 1TAGE1REHT1POWER1POWERzPOWER1EFF. 1EFF.1SPEEDrRMS 1 MAXa RMS aMIH a MAX 

7 
7 
7 
7 
7 
a 
8 
8 
8 
a 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1 GPM 1 FEET 1 FEET 1 FEET1 FEET a FT•LB1VOLT1AMPSc HP 1 HP a HP 1 I 1 I 1 RPM riPS 1 IPSa PSI :FEETaFEET 

1a96 3.10 1a.75 
1895 3.10 18.77 
1898 3.10 1a.75 
1898 3.10 18.76 
1897 3.10 18.77 
179a 3.10 20.00 
1801 3.10 20.04 
1801 3.10 20.02 
1804 3.10 20.01 
1801 3.10 20.02 
1700 3.10 21.25 
1697 3.10 21.26 
1702 3.10 21.29 
1705 3.10 21.25 
1703 3.10 21.27 
1592 3.10 22.01 
1596 3.10 22.06 
1592 3.10 22.10 
1597 3.10 22.08 
1596 3.10 22.11 
1502 3.10 22.64 
1501 3.10 22.64 
1499 3.10 22.66 
1500 3.10 22.67 
1503 3.10 22.68 
1399 3.10 22.92 
1400 3.10 22.90 
1399 3.10 22.95 
1397 3.10 22.96 
1398 3.10 22.93 

.93 24.7a7 43.39 

.93 24.813 43.47 

.93 24.792 43.41 

.93 24.805 43.41 

.93 24.816 43.45 

.83 25.952 43.41 

.a4 25.989 43.49 

47a 17.1 19.04 14.66 11.88 76.99 81.0 
478 17.1 19.05 14.69 11.89 77.11 80.9 
478 17.1 19.04 14.67 11.89 77.02 a1.1 
478 17.1 19.05 14.67 11.90 76.99 81.1 
478 17.1 19.06 14.68 11.90 77.04 81.0 
478 17.1 19.05 14.67 11.80 76.99 80.4 
478 17.1 19.05 14.70 11.a3 77.16 80.5 
478 17.1 19.04 14.68 11.83 77.11 80.5 
478 17.1 19.04 14.68 11.84 77.14 80.6 
478 17.1 19.03 14.67 11.82 77.07 80.6 

.84 25.971 43.45 

.84 25.967 43.46 

.84 25.969 43.41 

.75 27.108 

.74 27.119 

.75 27.151 

.75 27.114 

.75 27.136 

.65 27.778 

.66 27.833 

.65 27.870 

.66 27.847 

.66 27.878 

.58 28.334 

.58 28.335 

.58 28.357 

.58 28.3S9 

.58 28.374 

.so 28.536 

.50 2a.514 

.50 28.570 

.so 28.57S 

.50 28.SSO 

43.41 480 17.1 19.12 14.67 11.65 76.72 79.4 
43.37 479 17.1 19.11 14.65 11.64 76.66 79.4 

• 
43.45 479 17.1 19.12 14.68 11.68 76.77 79.5 
43.42 480 17.1 19.13 l4.67 11.68 76.71 79.6 
43.44 480 17.1 19.13 14.68 11.68 76.71 79.5 
43.15 479 17.0 19.00 14.58 11.18 76.74 76.6 
43.22 479 17.0 19.01 14.60 11.23 76.82 76.8 
43.25 479 17.0 19.01 14.62 11.21 76.86 76.7 
43.24 479 17.0 19.01 14.61 11.24 76.86 76.9 
43.26 479 17.0 19.01 14.62 11.25 76.89 76.9 
42.75 479 17.0 18.90 14.44 10.76 76.43 74.4 
42.73 479 17.0 1a.91 14.44 10.75 76.36 74.4 
42.74 479 17.0 18.92 14.44 10.75 76.33 74.4 
42.79 479 17.0 1a.92 14.46 10.75 76.40 74.3 
42.77 479 17.0 18.92 14.45 10.78 76.40 74.5 
41.78 480 16.8 1a.80 14.12 10.09 75.11 71.4 
41.75 480 16.8 18.79 14.11 10.09 75.08 71.5 
41.84 480 16.8 18.80 14.14 10.10 75.19 71.4 
41.88 480 16.8 18.81 14.15 10.09 75.25 71.3 
41.83 480 16.8 18.80 14.14 10.09 75.1a 71.4 

1775 .043 .131 .000045 3.65 3.76 
1775 .042 .118 .000050 3.58 3.74 
1775 .038 .roo .oooo46 3.65 3.73 
1775 .043 .113 .000046 3.64 3.74 
1775 .047 .126 .000043 3.66 3.73 
1775 .043 .109 .000043 3.65 3.73 
1775 .037 .095 .000040 3.64 3.73 
1775 .032 .087 .000043 3.60 3.72 
1775 .040 .116 .000044 3.65 3.71 
1775 .042 .108 .000047 3.64 3.72 
1775 .047 .113 .000041 3.65 3.74 
1775 .044 .124 .000044 3.65 3.74 
1775 .043 .124 .000043 3.65 3.74 
1775 .045 .120 .000043 3.62 3.74 
1775 .040 .098 .000043 3.65 3.74 
1775 .042 .107 .000044 3.64 3.75 
1775 .042 .126 .000041 3.62 3.74 
1775 .044 .132 .000045 3.64 3.75 
1775 .046 .130 .000041 3.63 3.73 
1775 .040 .115 .000044 3.63 3.74 
1775 .049 .140 .000059 3.62 3.77 
1775 .043 .112 .000059 3.57 3.77 
1775 .049 .130 .000057 3.62 3.79 
1775 .048 .162 .000058 3.64 3.78 
1775 .042 .113 .000053 3.64 3.78 
1775 .053 .138 .000069 3.58 3.80 
1775 .051 .175 .000068 3.60 3.82 
1775 .056 .147 .000072 3.60 3.80 
1775 .055 .169 .000077 3.59 3.80 
1775 .056 .156 .000072 3.60 3.80 

TEST RUH HO. 100-J95-018-3.1 6 JUL 82 

Figure 121. (Sheet 2 of 3) 



REAOaOISC-aSUBME-aSTATICaVELOCa TOTAlaTORQUErVOL-aCUR-rMOTORaSHAFTrWATERrMOTORrPUMPrSHAFTaVELOCITV 1 HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEAOa HEAD 1 rTAGEaREHTaPOWERaPOWERrPOWERaEFF. aEFF.aSPEEDaRMS a MAXa RMS aMIH a MAX 

t GPM 1 FEET a FEET t FEETa FEET a FT•LBaVOLTaAMPSa HP 1 HP a HP t I a I a RPM alPS 1 IPSa PSI aFEETaFEET 

13 1301 3.10 22.93 
13 1301 3.10 22.97 
13 1302 3.10 22.99 
13 1302 3.10 23.02 
13 1303 3.10 22.99 
14 1200 3.10 22.92 
14 1200 3.10 22.95 
14 1197 3.10 22.92 
14 1193 3.10 22.90 
14 1199 3.10 22.91 
15 1103 3.10 23.25 
15 1104 3.10 23.27 
15 1104 3.10 23.25 
15 1104 3.10 23.21 
15 1102 3.10 23.24 
16 997 3.10 23.78 
16 1002 3.10 23.82 
16 1000 3 . 10 23.81 
16 1004 3 . 10 23.86 
16 1004 3.10 23.82 
17 913 3.10 24.72 
17 912 3.10 24.60 
17 911 3.10 24.66 
17 916 3.10 24.63 
17 912 3.10 24.70 

.44 28.414 40.60 481 16.7 18.65 13.72 9.36 73.56 68.2 1775 .058 .166 .000092 3.53 3.85 

.44 28.514 40.70 481 16.7 18.66 13.76 9.38 73.72 68.2 1775 .062 .184 .000091 3.56 3.82 

.44 28.535 40.72 480 16.7 18.66 13.76 9.39 73.76 68.2 1775 .062 .178 .000088 3.56 3.80 

.44 28.569 40.77 480 16.7 18.66 13.78 9.40 73.83 68.2 1775 .060 .187 .000094 3 . 57 3.83 

.44 28.534 40.68 480 16.7 18.65 13.75 9.40 73. 74 68.4 1775 .060 .198 .000094 3.52 3.82 

. 37 28.393 39.41 480 16.6 18.47 13.32 8.62 72.14 64.7 1775 .078 .249 .000114 3.48 3.91 

.37 28.423 39.45 480 16.6 18.47 13.33 8.62 72.18 64.7 1775 .079 .278 .000122 3.49 3.91 

.37 28.394 39.38 480 16.6 18.47 13.31 8.59 72.06 64.5 1775 .079 .267 .000125 3.52 3.92 

. 37 28.372 39.36 480 16.6 18.48 13.30 8.55 72.01 64.3 1775 .080 .257. .000120 3.55 3.89 

.37 28.382 39.43 480 16.6 18.48 13.33 8.60 72.09 64.5 1775 .082 .263 .000122 3.49 3.91 

.32 28.671 39.28 481 16.6 18.48 13.27 8.00 71.83 60.3 1775 .097 .296 .000132 3.40 4.03 

.32 28.687 39.28 481 16.6 18.48 13.28 8.00 71.84 60.3 1775 .092 .328 .000134 3.37 4.14 

.32 28.670 39.28 480 16.6 18.48 13.27 8.00 71.85 60.3 1775 .089 .268 .000135 3.36 3.98 

.32 28.632 39.23 480 16.6 18.47 13.26 7.99 71.79 60.3 1775 .090 .321 .000136 3.33 4.01 

.32 28.662 39~25 480 16.6 18.47 13.27 7.99 71.83 60.2 1775 .084 .244 .000129 3.37 4.08 

.26 29.141 39.59 478 16.6 18.40 13.38 7.34 72.71 54.9 1775 .095 .302 .000131 1.79 4.30 

.26 29.183 39.61 478 16.6 18.39 13.39 7.40 72.78 55.3 1775 .101 .294 .000137 2.86 4.22 

.26 29.176 39.52 478 16.6 18.39 13.36 7.38 72.62 55.2 1775 .097 .328 .000137 2.33 4.29 

.26 29.228 39.59 478 16.6 18.41 13.38 7.42 72.66 55.4 1775 .096 .249 .000138 2.70 4.25 

.26 29.182 39.56 478 16.6 18.41 13.37 7.41 72.62 55.4 1775 .101 .305 .000133 2.96 4.25 

.22 30.039 40.08 479 16.6 18.49 13.55 6.94 73.28 51.2 1775 .103 .304 .000139 .85 4.33 

.22 29.915 39.97 479 16.6 18.47 13.51 6.90 73.13 51.1 1775 .103 .293 .000152 1.98 4.42 

.22 29.978 40.01 479 16.6 18.49 13.52 6.91 73.14 51.1 1775 .102 .332 .000141 2.05 4.27 

.22 29.954 39.96 479 16.6 18.48 13.51 6.94 73.09 51.4 1775 .105 .361 .000142 2.49 4.45 

.22 30.020 40.03 479 16.6 18.49 13.53· 6.92 73.16 51.1 1775 .106 .305 .000142 2.91 4.39 

TEST RUH HO. 100-J95-018-3.1 6 JUL 82 

Figure 121. (Sheet 3 of 3) 



READ.OISC-aSUBME-sSTATICsVELOCs TOTALsTORQUEIVOL - ICUR -r MOTORsSHAFTIWATER,MOTOR1PUMP1SHAFT1VELOCITY 1 HOJSE aPRESSURE 
H0.1HARGEaRGEHCEa HEADs HEAOa HEAD 1 aTAGEsREHTaPOWER1POWER1POWERaEFF. 1EFF.1SPEEOaRMS a MAXa RMS 1MIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM 1 FEET 1 FEET 1 FEET• FEET 1 FT•LB1VOLT1AMPS1 HP 1 HP 1 HP 1 X 1 X 1 RPM alPS & IPSt PSI aFEETaFEET 

2860 3.10 
2853 3.10 
2861 3.10 
2857 3.10 
2851 3.10 
2578 3.10 
2576 3.10 
2582 3.10 
2580 3.10 
2578 3.10 
2319 3.10 
2319 3.10 
2315 3.10 
2316 3.10 
2320 3.10 
2183 3.10 
2183 3.10 
2182 3.10 
2183 3.10 
2183 3.10 
2106 3.10 
2109 3.10 
2108 3.10 
2106 3.10 
2108 3.10 
2015 3.10 
2021 3.10 
2020 3.10 
2018 3.10 
2020 3.10 

.97 
.94 
.93 
.92 
.96 

7.14 
7.12 
7.12 
7.09 
7.08 

11.92 
11.89 
11.91 
11.92 
11.92 
14.14 
14.14 
14.16 
14.16 
14.15 
15.31 
15.37 
15.32 
15.34 
15.32 
16.72 
16.72 
16.72 
16.70 
16.72 

2.12 8.194 35.24 477 17.7 19. 67 11.91 5.92 60.56 49.7 
2.11 8.152 35.23 478 17.7 19.66 11.91 5.88 60.58 49.4 
2 . 12 8.153 35 . 24 478 17.7 19.62 11.91 5.90 60.69 49.5 
2.12 8.140 35.25 478 17 . 6 19.54 11.91 5 . 88 60.96 49.4 
2.11 8.171 35.33 477 17.8 19.73 11.94 5.89 60.53 49.3 
1.72 13.96S 39 . 34 477 18.4 20.33 13.30 9.10 65.42 68.5 
1 . 72 13.944 39.25 477 18.4 20.32 13.26 9.08 65.27 68.5 
1.73 13.949 39.30 477 18.4 20.33 13.28 9 . 10 65.34 68.5 
1.73 13.924 39.28 477 18.4 20.33 13.28 9.08 65.31 68.4 
1.72 13.913 39.21 477 18.3 20.31 13. 25 9.07 65.25 68.4 
1.40 18.424 41.96 477 18. 8 20.75 14.18 10.80 68.33 76.2 
1.39 18.394 41 . 93 477 18.7 20.75 14.17 10.78 68.29 76.1 
1.39 18.406 41.96 477 18.8 20.76 14.18 10.77 68.31 76.0 
1.39 18.414 41.98 477 18.8 20.77 14.19 10.78 68.32 76.0 
1.40 18.421 41.95 477 18.8 20.75 14.18 10.80 68.33 76.2 
1.24 20.483 42.85 477 18.9 20.89 14.48 11.30 69.31 78.1 
1. 24 20.482 
1.24 20.504 
1.24 20.500 
1. 24 20.487 
1.15 21.566 
1.15 21.627 
1.15 21.572 
1.15 21.592 
1.15 21.573 
1. 05 22.878 
1. 06 22.882 
1. 06 22.883 
1. 06 22.862 
1. 06 22.878 

42.86 477 18.9 20.89 14.48 11.30 69.35 78.0 
42.91 477 18.9 20.90 14.50 11.31 69.39 78.0 
42.82 477 18.9 20.90 14.47 11.31 69.23 78.2 
42.86 477 18.9 20.90 14.49 11.30 69.30 78.0 
43.25 477 18.9 20.93 14.62 11.48 69.84 78.6 
43.28 476 18.9 20.93 14.63 11.53 69.89 78.8 
43.26 476 18.9 20.92 14.62 11.50 69.90 78.6 
43.25 476 18.9 20.91 14.62 11.50 69.92 78.7 
43.23 476 18.9 20 . 90 14.61 11.50 69.92 78.7 
43.52 477 19.0 20.98 14.71 11.66 70.11 79.2 
43.53 476 19.0 20.97 14.71 11.69 70 . 17 79.5 
43.54 477 19.0 20.97 14.71 11.68 70.15 79.4 
43.49 477 18.9 20.96 14.70 11.66 70.11 79.4 
43.52 477 18.9 20.97 14.71 11.68 70.14 79.4 

1775 .038 .096 .000048 3.57 3.73 
1775 .034 .101 .000045 2.91 3.71 
1775 . 038 .102 .000046 3.10 3.69 
1775 .039 .112 .000049 3.57 3.69 
1775 .034 .085 .000046 3.50 3.68 
1775 .045 .114 .000048 3.61 3.70 
1775 .036 .101 .000047 3.52 3.71 
1775 .037 .109 .000043 3.60 3.70 
1775 .038 .101 .000047 3.61 3.72 
1775 .041 .099 .000046 3.57 3.71 
1775 .046 .116 .000045 3.49 3.73 
1775 .048 .112 .000045 3.64 3.75 
1775 .044 .126 .000048 3.27 3.72 
1775 . 053 .135 .000044 3.62 3.73 
1775 .037 .098 .000043 3.58 3.72 
1775 .052 .147 .000048 3.58 3.75 
1775 .040 .128 .000044 3.64 3.73 
1775 .054 .128 .000044 3.56 3.74 
1775 .055 .130 .000047 3.61 3.73 
1775 .052 .124 .000043 3.60 3.72 
1775 .039 .123 .000043 3.61 3.74 
1775 .046 .106 .000040 3.61 3.74 
1775 .048 .123 .000044 3.62 3.72 
1775 .043 .133 .000043 3.46 3.72 
1775 .037 .104 .000045 3.54 3.72 
1775 .041 .102 .000047 3.64 3.72 
1775 .044 .124 .000050 3.56 3.72 
1775 .047 .108 .000049 3.63 3.72 
1775 .034 .097 .000042 3.66 3.74 
1775 .049 .132 .000051 3.66 3.74 

TEST RUH HO. 100-J96-018-3.1 7 JUL 82 

Figure 122. Research data; pump 1, Test J-96, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READaDISC-aSUBME-aSTATICaVELOCa TOTALaTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEAD1 HEAD 1 1TAGE1REHTaPOWERtPOWER1POWERaEFF. aEFF.aSPEED1RMS 1 MAXa RMS 1MIH a MAX 

a GPM a FEET a FEET a FEET, FEET a FT•LBaVOLTaAMPSa HP a HP a HP a I a I a RPM alPS a IPSa PSI aFEETaFEET 

7 1885 3.10 18.41 
7 1999 3.10 19.41 
7 1989 3.10 19. 40 
7 1897 3.10 19.41 
7 1992 3.10 18.42 
8 1910 3.10 19.43 
8 1813 3.10 19.41 
8 1810 3 . 10 19.43 
a 1810 3.10 19. 44 
8 1809 3.10 19.43 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1700 3.10 20.65 
1708 3.10 20.65 
1702 3.10 20.66 
1703 3.10 20.65 
1702 3.10 20.71 
1609 3.10 21.63 
1606 3.10 21.61 
1608 3.10 21.63 
1605 3.10 21.59 
1599 3.10 21.62 
1486 3.10 22.24 
1486 3.10 22.27 
1486 3.10 22.27 
1495 3.10 22.29 
1485 3.10 22.28 
1391 3.10 22.54 
1396 3.10 22.59 
1394 3.10 22.57 
1388 3.10 22.53 
1394 3.10 22.53 

.92 24.436 43.62 477 19.0 20.99 14.74 11.64 70.23 79.0 1775 .039 .120 .000049 3.56 3.73 

.93 24.439 43.57 476 19.0 20.98 14.73 11.67 70.20 79.3 1775 .041 .126 .000047 3.65 3.73 

.93 24.426 43.55 476 19.0 20.97 14.72 11.66 70.19 79.2 1775 .045 .117 .000047 3.66 3.73 

.92 24.443 43.61 477 19.0 20.99 14.74 11.66 70.21 79.1 1775 .042 .090 .000047 3.63 3.74 

.93 24.452 43.59 477 19.0 20.99 14.73 11.70 70.20 79.4 1775 .047 .117 .000053 3.67 3.75 

.95 25.388 43.51 476 18.9 20.95 14.71 11.62 70.20 79.0 1775 .039 .107 .000050 3.66 3.74 

.85 25.362 43.50 476 18.9 20.94 14.70 11.63 70.19 79.1 1775 .037 .092 .000048 3.60 3.74 

.95 25.396 43.56 476 19.0 20.96 14.72 11.62 70.26 78.9 1775 .039 .096 .000047 3.63 3.73 

.85 25.390 43.58 476 19.0 20.97 14.73 11.62 70.25 79.9 1775 .035 .110 .000048 3.63 3.73 

.95 25.385 43.55 476 19.0 20.96 14.72 11.61 70.22 79.9 1775 .037 .097 .000047 3.62 3.72 

.75 26.505 43.61 477 19.0 20.99 14.74 11.39 70.20 77.3 

.76 26.507 43.61 477 19.0 21.00 14.74 11.45 70.20 77.7 

.75 26.511 43.59 477 18.9 20.99 14.73 11.41 70.19 77.4 

.75 26.506 43.56 477 18.9 21.00 14.72 11.41 70.11 77.5 

.75 26.563 43.62 477 19.0 21.01 14.74 11.43 70.15 77.6 

.67 27.401 43.59 479 18.9 21.03 14.73 11.14 70.07 75.6 

.67 27.381 43.52 478 18.9 21.02 14.71 11.12 69.97 75.6 

.67 27.401 43.55 479 18.9 21.03 14.72 11.14 70.00 75.7 

.67 27.361 43.51 479 18.9 21.02 14.70 11.10 69.96 75.5 

.66 27.386 43.53 478 18.9 21.02 14.71 11.07 70.00 75.2 

.57 27.918 42.95 478 18.8 20.90 14.51 10.49 69.47 72.3 

.57 27.947 42.94 478 18.8 20.99 14.51 10.50 69.47 72.3 

.57 27.943 42.95 478 19.8 20.90 14.52 10.50 69.47 72.3 

.57 27.969 42.99 479 18.8 20.90 14.53 10.50 69.53 72.2 

.57 27.956 42.99 478 18.8 20.90 14.53 10.50 69.52 72.3 

.so 28.147 42.16 477 18.7 20.69 14.25 9.90 68.99 69.5 

.51 28.197 42.29 477 18.7 20.70 14.29 9.95 69.05 69.6 

.so 28.181 42.23 477 18.7 20.71 14.27 9.93 69.93 69.6 

.50 28.134 42.09 477 18.7 20.68 14.22 9.99 69.76 69.4 

.50 28.136 42.09 477 18.7 20.67 14.23 9.92 69.81 69.7 

1775 .039 .100 .000044 3.66 3.73 
1775 .045 .137 .000044 3.66 3.73 
1775 .056 .149 .000045 3.66 3.75 
1775 .043 .107 .000047 3.65 3.74 
1775 .040 .101 .000047 3.66 3.74 
1775 .039 .127 .000045 3.61 3.75 
1775 .060 .194 .000047 3.62 3.73 
1775 .047 .114 .000044 3.59 3.75 
1775 .044 .130 .000042 3.64 3.75 
1775 .042 .139 .000041 3.59 3.74 
1775 .049 .132 .000061 3.63 3.76 
1775 .059 .170 .000059 3.61 3.79 
1775 .045 .151 .000056 3.63 3.79 
1775 .046 .109 .000051 3.61 3.90 
1775 .042 .109 .000049 3.64 3.77 
1775 .053 .174 .000067 3.60 3.90 
1775 .055 .160 .000069 3.37 3.79 
1775 .052 .171 .000066 3.59 3.91 
1775 .046 .132 .000066 3.62 3.90 
1775 .051 .136 .000064 3.62 3.91 

TEST RUH HO. 100-J96-018-3.1 7 JUL 82 

Figure 122. (Sheet 2 .of 3) 



N 
0 
0 

READIDISC- :SUBME - aSTATICaVELOCa TOTALITORQUEaVOL-~CUR - aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEADa HEAD a aTAGEaREHTaPOWERaPOWERaPOWERaEFF. aEFF •• SPEEDtRMS 1 MAXa RMS 1MIH a NAX 

1 GPM 1 FEET a FEET a FEETa FEET 1 FT•LBaVOLTaAMPSa HP 1 HP 1 HP 1 1 1 1 1 RPM alPS 1 IPS, PSI tFEETaFEET 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

1313 3.10 
1315 3.10 
1310 3.10 
1311 3.10 
1314 3.10 
1182 3.10 
1179 3.10 
1175 3.10 
1174 3.10 
1169 3.10 
1083 3.10 
1085 3.10 
1083 3.10 
1085 3.10 
1082 3.10 

980 3.10 
980 3.10 
977 3.10 
980 3.10 
980 3.10 
822 3.10 
820 3.10 
821 3.10 
820 3.10 
818 3.10 

22.60 
22.60 
22.57 
22.64 
22.61 
22.47 
22.51 
22.49 
22.52 
22.50 
22.85 
22.83 
22.83 
22.80 
22.84 
23.60 
23.67 
23.67 
23.58 
23.65 
25.30 
25.38 
25.33 
25.40 
25.39 

.45 28.154 41.21 

.45 28.148 41.23 

.45 28.118 41.13 

.45 28.187 41.36 

.45 28.161 41.20 

.36 27.938 39.64 

.36 27.977 39.70 

.36 27.949 39.68 

.36 27.983 39.66 

.35 27.962 39.64 

.30 28.261 39.56 

.31 28.236 39.51 

.30 28.240 39.51 

. 31 28.212 39.48 

.30 28.250 39.52 

.25 28.955 39.80 

.25 29.020 39.87 

.25 29.019 39.85 

.25 28.935 39.79 

.25 29.001 39.81 

.18 30.575 40.92 

.17 30.654 41.01 

.17 30.608 41.00 

.17 30.681 41.04 

.17 30.669 41.06 

TEST RUH HO. 100-J96-018-3.1 7 JUL 82 

478 18.6 20.64 13.93 9.35 67 . 48 67.1 
478 18.6 20.65 13.93 9.36 67.48 67.2 
478 18 . 6 20.62 13.90 9.31 67.41 67.0 
478 18.6 20.66 13.98 9.34 67.67 66.8 
478 18.6 20 . 63 13.92 9.35 67.50 67.2 
478 18.4 20.38 13.40 8.35 65.73 62.3 
478 18.4 20.39 13.42 8.34 65.81 62.2 
478 18.4 20.39 13.41 8.30 65.76 61.9 
478 18.4 20.40 13.40 8.30 65.72 61.9 
478 18.4 20.38 13.40 8.27 65.74 61.7 
479 18.3 20.41 13.37 7.74 65.52 57.9 
479 18.3 20.38 13.35 7.75 65.51 58.0 
479 18.3 20.38 13.35 7.74 65.50 57.9 
479 18.3 20.37 13.34 7.74 65.51 58.0 
479 18.3 20.37 13.35 7.73 65.57 57.9 
478 18.4 20.41 13.45 7.17 65.92 53.3 
478 18.4 20.42 13.47 7.19 65.99 53.4 
478 18.4 20.42 13.47 7.17 65.95 53.2 
478 18.4 20.42 13.45 7.17 65.86 53.3 
478 18.4 20.43 13.45 7.19 65.87 53.4 
477 18.6 20.54 13.83 6.36 67.34 46.0 
477 18.6 20.56 13.86 6.35 67.42 45.9 
477 18.6 20.57 13.86 6.35 67.36 45.9 
477 18.6 20.58 13.87 6.36 67.40 45.9 
477 18.6 20.58 13.88 6.34 67.42 45.7 

Figure 122. (Sheet 3 of 3) 

1775 .058 .160 .000084 3.55 3.80 
1775 .056 .155 .000084 3.55 3.82 
1775 .057 .146 .000082 3.56 3.82 
1775 .057 .154 .000083 3.58 3.82 
1775 .054 .140 .000081 3.55 3.83 
1775 .081 .236 .000117 3.46 3.89 
1775 .078 .227 .000122 3.48 3.92 
1775 .074 .284 .000126 3.44 3.91 
1775 .088 .415 .000123 3.43 3.92 
1775 .086 .273 .000125 3.40 3.92 
1775 .092 .316 .000127 2.94 4.02 
1775 .094 .301 .000131 3.18 3.97 
1775 .096 .307 .000127 3.42 4.00 
1775 .089 .261 .000126 3.27 3.95 
1775 .097 .332 .000130 3.28 4.02 
1775 .095 .323 .000137 2.40 4.25 
1775 .093 .301 .000127 3.02 4.20 
1775 .091 .281 .000120 3.05 4.18 
1775 .097 .303 .000133 3.00 4.24 
1775 .094 .286 .000129 2.80 4.25 
1775 .108 .293 .000137 2.10 4.46 
1775 .119 .302 .000144 .99 4.41 
1775 .111 .342 .000145 1.32 4.43 
1775 .106 .249 .000141 2.70 4.53 
1775 .122 .346 .000136 1.~4 4.40 



READaDISC-aSUBME-aSTATICIVELOCI TOTALaTORQUEaVOL-ICUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV • HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD 1 HEAD1 HEAD 1 aTAGEaREHTaPOWER1POWERaPOWERaEFF. aEFF.aSPEEDaRMS 1 MAX1 RMS aMIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM 1 FEET 1 FEET 1 FEET1 FEET 1 FT•LBaVOLTaAMPSa HP 1 HP 1 HP 1 I 1 I 1 RPM alPS 1 IPSa PSI aFEETaFEET 

2871 3.10 1.37 
2871 3.10 1.40 
2870 3.10 1.37 
2878 3.10 1.11 
2880 3.10 1.05 
2593 3.10 7.42 
2589 3.10 7 . 44 
2592 3.10 7.44 
2591 3.10 7.43 
2593 3.10 7 .47 
2393 3.10 11.01 
2401 3.10 11.00 
2391 3.10 11.05 
2397 3.10 11.02 
2394 3.10 11.05 
2248 3.10 13.47 
2246 3.10 13.48 
2241 3.10 13.47 
2252 3.10 13.48 
2246 3.10 13.48 
2090 3 . 10 15.98 
2089 3. 10 15.92 
2092 3.10 15.94 
2089 3.10 15.96 
2093 3.10 15.93 
2005 3.10 17.22 
2005 3.10 17.17 
2008 3.10 17.21 
2001 3.10 17.19 
2005 3.10 17.19 

2.14 8.608 35.60 478 18.0 19.98 12.03 6.25 60.21 51.9 
2.14 8.646 35.65 478 18.0 19.99 12.05 6.28 60.28 52.1 
2.14 8.614 35.60 478 18.0 19.98 12.03 6.25 60.23 51.9 
2.15 8.358 35.45 478 18.0 19.96 11.98 6.08 60.03 50.8 
2.15 8.303 35.37 478 18.0 19.94 11.95 6.05 59.94 50.6 
1.74 14.265 39.52 477 18.5 20.54 13.36 9.35 65.02 70.0 
1.74 14 . 283 39.60 477 18.5 20.55 13.38 9.35 65.14 69.9 
1.74 14.289 39.62 477 18.5 20.53 13.39 9.36 65.20 69.9 
1.74 14.271 39.61 477 18.5 20.54 13.39 9.35 65.18 69.8 
1.74 14.314 39.61 477 18.5 20.54 13.39 9.38 65.18 70.1 
1.49 17.597 41.60 477 18.7 20.72 14.06 10.64 67.84 75.7 
1.50 17.605 41.64 477 18.7 20.73 14.07 10.69 67.89 75.9 
1.48 17.637 41.66 476 18.7 20.72 14.08 10.66 67.96 75.7 
1.49 17.616 41.67 476 18.7 20.71 14.08 10.68 67.99 75.8 
1.49 17.638 41.63 476 18.7 20.71 14.07 10.67 67.95 75.9 
1.31 19.889 42.77 477 18.9 20.93 14.46 11.30 69.06 78.2 
1 . 31 19.894 42.80 476 18.9 20.92 14.46 11.30 69.14 78.1 
1.30 19.878 42.80 476 18.9 20.92 14.47 11.26 69.14 77.9 
1.32 19.900 42.78 477 18.9 20.93 14.46 11.33 69.08 78.4 
1.31 19.891 42.77 477 18.9 20.93 14.45 11.30 69.05 78.2 
1.13 22.215 43.55 476 19.1 21.05 14.72 11.74 69.93 79.8 
1.13 22.157 43.52 475 19.1 21.03 14.71 11.70 69.92 79.6 
1.14 22.179 43.49 475 19.1 21.03 14.70 11.73 69.89 79.8 
1.13 22.199 43.56 475 19.1 21.04 14.72 11.73 69.98 79.7 
1.14 22.173 43.51 475 19.1 21.03 14.70 11.73 69.93 79.8 
1.04 23.363 43.67 475 19.1 21.00 14.76 11.84 70.29 80.2 
1.04 23.321 43.64 475 19.0 20.98 14.75 11.82 70.31 80.1 
1.05 23.355 43.68 475 19.0 20.97 14.76 11.85 70.38 80.3 
1.04 23.329 43.67 475 19.1 20.99 14.76 11.80 70.30 80.0 
1.04 23 . 340 43.66 475 19.0 20.98 14.76 11.83 70.32 80.2 

1775 .033 .092 .000053 3.41 3.77 
1775 .032 .091 .000058 3.27 3.76 
1775 .035 .090 .000060 3.56 3.75 
1775 .031 .074 .000059 3.64 3.74 
1775 .032 .078 .000058 3.64 3.74 
1775 .035 .086 .000054 3.50 3.77 
1775 .037 .096 .000055 2.69 3.75 
1775 .040 .106 .000059 3.63 3.76 
1775 .037 .089 .000061 3.68 3.75 
1775 .040 .097 .000060 3.62 3.76 
1775 .044 .119 .000049 3.47 3.76 
1775 .042 .102 .000050 3.67 3.76 
1775 .035 .090 .000055 3.68 3.77 
1775 .041 .108 .000051 3.56 3.76 
1775 .040 .104 .000052 3.69 3.76 
1775 .038 .093 .000048 3.12 3.79 
1775 .041 .118 .000043 3.53 3.76 
1775 .038 .Q94 .000043 3.65 3.77 
1775 .038 .104 .000049 3.68 3.76 
1775 .040 .100 .000046 3.56 3.77 
1775 .036 .097 .000055 3.69 3.76 
1775 .033 .093 .000048 3.67 3.76 
1775 .038 .088 .000049 3.67 3.75 
1775 .038 .096 .000047 3.68 3.76 
1775 .040 .099 .000049 3.64 3.77 
1775 .039 .115 . 000051 3.49 3.75 
1775 .040 .110 .000047 3.66 3.76 
1775 .033 .085 .000048 3.69 3.75 
1775 .037 .118 .000047 3.64 3.75 
1775 .038 .107 .000045 3.60 3.75 

TEST RUH HO. 100-J97-018-3.1 8 JUL 82 

Figure 123. Research data; pump 1, Test J-97, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



N 
0 
N 

REAO.OISC-:SUBME- .STATIC•VELQC, TOTAL.TORQUE:VOL - .CUR - .MOTOR:SHAFT.WATER.MOTOR.PUMP.SHAFT,VELOCITV , HOISE .PRESSURE 
HO.aHARGE.RGEHCEt HEAD • · HEAD, HEAD , cTAGEtREHTrPOWER.POWERaPOWER rEFF •• EFF •• SPEEO.RMS • MAXa RMS aMIH a MAX 

1 GPM 1 FEET 1 FEET 1 FEETa FEET a FT•LBaVOLT1AMPSa HP a HP 1 HP 1 l 1 1 1 RPM alPS 1 IPSt PSI aFEET1FEET 

7 
7 
7 
7 
7 
9 
8 
a 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1998 3.10 
1897 3.10 
1a89 3.10 
1a90 3.10 
1890 3.10 
1a02 3.10 
1804 3.10 
1905 3.10 
1805 3.10 
1aoo 3.10 
1703 3.10 
1707 3.10 
1706 3.10 
1700 3.10 
1703 3.10 
1601 3.10 
1597 3.10 
1599 3.10 
1597 3.10 
1599 3.10 
1496 3.10 
1494 3.10 
1496 3.10 
1493 3.10 
1494 3.10 
1399 3.10 
1395 3.10 
1395 3.10 
1396 3.10 
1397 3.10 

18. 67 
18.67 
1a.66 
18.67 
18.69 
19.78 
19.76 
19.76 
19.79 
19.75 
20.93 
20.93 
20.95 
20.94 
20 . 96 
21.94 
21.a9 
21.91 
21.91 
21.91 
22.46 
22.47 
22.44 
22.42 
22.45 
22.78 
22.77 
22.74 
22.70 
22.73 

.93 24.705 43.73 

.93 24.711 43.73 

. 93 24.687 43.67 

.93 24.700 43.73 

.93 24.721 43.64 

.84 25.732 43.72 

.84 25.714 43.69 

.85 25.713 43.71 

.as 25.737 43.72 

.84 25.695 43.64 

.75 26.791 43.70 

.76 26.789 43.71 

.76 26.811 43.69 

.75 26.789 43.69 

.75 26.821 43.71 

.66 27.70a 43.63 

.66 27.657 43.55 

.66 27.675 43.55 

.66 27.675 43.57 

. 66 27.676 43.54 

.58 28.144 42.98 

.58 2a.152 42.99 

.58 28.120 42.93 

.58 28.099 42.92 

.58 28.129 42.96 

.51 28.390 42.17 

.so 28.379 42.18 

.51 28.346 42.08 

.51 2a.311 42.05 

.51 28.345 42.11 

TEST RUH HO. 100-J97-018-3.1 8 JUL 82 

474 19.1 20.99 14.78 11 . 86 70.43 80.2 
474 19.0 20.98 14.78 11.85 70.46 80.2 
474 19.0 20.97 14.76 11.79 70.39 79.9 
474 19.0 20.97 14.7a 11.80 70.48 79.9 
474 19.0 20.95 14.75 11.91 70.40 80.1 
476 19.0 21.06 14.77 11.72 70.17 79.4 
476 19. 0 21.04 14.77 11.73 70.19 79.4 
475 19.0 21.00 14.77 11.73 70.35 79.4 
476 19.0 21.04 14.77 11.74 70.23 79.5 
476 19.1 21.04 14.75 11.69 70.09 79.3 
477 19.1 21.17 14.77 11.54 69.77 78.1 
477 19.1 21.16 14.77 11.56 69.81 78.2 
477 19.1 21.16 14.77 11.56 69.80 78.3 
477 19.1 21.15 14.77 11.51 69.81 78.0 
477 19. 1 21.15 14.77 11.55 69.84 78.2 
477 19.0 21.10 14.75 11.21 69.88 76.0 
477 19.0 21.09 14.72 11.17 69.ao 75.9 
477 19.0 21.09 14.72 11.19 69. 79 76.0 
477 19.0 21.08 14.73 11.18 69.84 75.9 
477 19.0 21.0a 14.72 11.19 69.79 76.0 
477 18. 9 20.90 14.52 10.64 69.49 73.3 
476 18.9 20.89 14.53 10.63 69.55 73.2 
476 19.9 20.89 14.51 10.63 69.46 73.3 
476 18.9 20.89 14.50 10.61 69.44 73.1 
476 18.9 20.90 14.52 10.62 69.47 73.2 
476 1a.8 20.78 14.25 10.04 68.59 70.4 
476 18.8 20.79 14.25 10.01 68.58 70.2 
476 18.8 20.77 14.22 10.00 68.48 70.3 
476 1a.e 20.76 14.21 9.99 68.45 70.3 
476 18.8 20.76 14.23 10.01 68.54 70.4 

Figure 123. (Sheet 2 of 3) 

1775 .039 .095 .000044 3.62 3.77 
1775 .037 .10J .000046 3.67 3.76 
1775 .040 .109 .000049 3.69 3.77 
1775 .036 .097 .000042 3.71 3.79 
1775 .032 .094 .000041 3.69 3.79 
1775 .039 .095 .000047 3.71 3.76 
1775 .043 .124 .000048 3.69 3.75 
1775 .039 .100 .000041 3.69 3.75 
1775 .038 .0~ .000049 3.64 3.76 
1775 .037 .092 .000046 3.64 3.75 
1775 .034 .096 . 000044 3.68 3.77 
1775 .035 .101 .000043 3.68 3.77 
1775 .035 .086 .000046 3.70 3.77 
1775 .040 .100 .000045 3.6a 3.78 
1775 .036 .101 .000043 3.70 3.7a 
1775 .037 .089 .000050 3.68 3.78 
1775 .039 .098 .00004a 3.67 3.79 
1775 .040 .103 .00004a 3.6a 3.79 
1775 .040 .099 .000051 3.67 3.90 
1775 .040 .093 .000048 3.6a 3.79 
1775 .040 .110 .00005a 3.67 3.80 
1775 .042 .115 .000053 3.63 3.83 
1775 .041 .125 .000054 3.66 3.79 
1775 .042 .122 .000057 3.50 3.79 
1775 .041 .110 .000060 3.64 3.7a 
1775 .052 .153 .000074 3.65 3.a3 
1775 .048 .131 .000070 3.62 3.a2 
1775 .045 .147 .000070 3.57 3.a4 
1775 .048 .161 .000073 3.5a 3.a1 
1775 .048 .156 .000072 3.62 3.92 



N 
0 
VJ 

READrDISC-rSUBME-rSTATICrVELOCI TOTAlrTORQUE1VOL-~CUR-aMOTORaSHAFTaWATER1MOTORaPUMP1SHAFT1VELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCE1 HEAD 1 HEADa HEAD 1 aTAGEaREHTrPOWERaPOWERaPOWER1EFF. 1EFF.1SPEED1RMS 1 ~AXa RMS 1MIH 1 MAX 

a GPM a FEET 1 FEET 1 FEETa FEET a FT•LBaVOLT1AMPS1 HP 1 HP 1 HP 1 l 1 l 1 RP~ alPS 1 IPSa PSI aFEETaFEET 

13 1295 3.10 22.73 
13 1303 3.10 22.76 
13 1298 3.10 22.74 
13 1297 3.10 22.74 
13 1300 3.10 22.78 
14 1198 3.10 22.69 
14 1197 3.10 22.70 
14 1202 3.10 22.70 
14 1199 3.10 22.72 
14 1202 3.10 22.77 
15 1105 3.10 23.00 
15 1107 3.10 23.03 
15 1106 3.10 23.05 
15 1106 3.10 23.05 
15 1104 3.10 23.05 
16 999 3.10 23.84 
16 1002 3.10 23.82 
16 999 3.10 23.83 
16 998 3.10 23.82 
16 998 3.10 23.86 
17 898 3.10 24.68 
17 899 3.10 24.66 
17 902 3.10 24.67 
17 900 3.10 24.65 
17 899 3.10 24.70 

.43 28.269 40.78 476 18.6 20.51 13.78 9.25 67.20 67.1 

.44 28.310 40.90 476 18.6 20.53 13.82 9.33 67.32 67.5 

.44 28.285 40.80 476 18.6 20.53 13.79 9.28 67.17 67.3 

.44 28.278 40.79 476 18.6 20.53 13.78 9.27 67.16 67.2 

.44 28.324 40.98 476 18.6 20.57 13.85 9.31 67.33 67.2 

.37 28.165 39.72 475 18.4 20.35 13.42 8.53 65.97 63.5 

.37 28.172 39.74 475 18.4 20.35 13.43 8.53 66.00 63.5 

.37 28.178 39.69 475 18.4 20.35 13.41 8.56 65.91 63.8 

.37 28.199 39.76 476 18.4 20.37 13.44 8.55 65.97 63.6 

.38 28.250 39.85 476 18.5 20.38 13.47 8.59 66.07 63.8 

.32 28.418 39.49 476 18.4 20.35 13.35 7.94 65.60 59.5 

.32 28.448 39.52 476 18.4 20.33 13.36 7.96 65.71 59.6 

.32 28.470 39.59 476 18.4 20.36 13.38 7.96 65.72 59.5 

.32 28.474 39.54 

.32 28.473 39.54 

.26 29.199 39.85 

.26 29.181 39.79 

.26 29.190 39.84 

.26 29.184 39.81 

.26 29.221 39.86 

.21 29.993 40.32 

.21 29.971 40.30 

.21 29.981 40.30 

476 18.4 20.35 13.36 7.96 65.66 59.6 
476 18.4 20.36 13.36 7.95 65.64 59.5 
477 18. 6 20.53 13.47 7.37 65.60 54.7 
477 18.6 20.53 13.45 7.39 65.50 55.0 
477 18.6 20.54 13.46 7.37 65.54 54.8 
477 18.6 20.54 13.46 7.36 65.51 54.7 
477 18.6 20.54 13.47 7.37 65.58 54.7 
477 18.6 20.62 13.63 6.81 66.09 50.0 
476 18.6 20.59 13.62 6.82 66.14 50.0 
477 18.6 20.60 13.62 6.84 66.10 50.2 

1775 .056 .198 .000093 3.59 3.87 
1775 .058 .180 .000089 3.60 3.86 
1775 .059 .163 .000100 3.64 3.87 
1775 .060 .176 .000091 3.60 3.91 
1775 .059 .183 .000093 3.62 3.86 
1775 .072 .247 .000122 3.53 3.91 
1775 .075 .239 .000132 3.56 3.93 
1775 .079 .256 .000126 3.53 3.98 
1775 .076 .242 .000127 3.50 3.97 
1775 .075 .265 .000123 3.55 3.92 
1775 . 087 .264 .000136 3.35 4.04 
1775 .089 .324 .000134 1.94 4.04 
1775 .087 .291 .000127 3.44 4.03 
1775 .088 .238 .000138 3.47 4.07 
1775 .087 .313 .000130 3.45 4.14 
1775 .093 .281 .000141 2.71 4.35 
1775 .099 .283 .000141 2.17 4.31 
1775 .095 .269 .000133 3.17 4.28 
1775 .093 .319 .000133 1.25 4.25 
1775 .101 .284 .000137 1.43 4.25 
1775 .098 .279 .000149 2.63 4.43 
1775 .108 .274 .000144 1.24 4.47 
1775 .109 .288 .000151 2.16 4.54 

.21 29.962 40.32 477 18.6 20.60 13.63 6.82 66.15 50.0 1775 .104 .276 .000137 .15 4.40 

.21 30.015 40.40 477 18.6 20.62 13.65 6.82 66.22 49.9 1775 .104 .462 .000145 2.84 4.48 

TEST RUH HO. 100-J97-018-3.1 8 JUL 82 

Figure 123. (Sheet 3 of 3) 
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Figure 124. Base sump flow pattern for pump 1 SVS, type 56 pump bell, 
1/2 5/2 submergence 3.1 ft (2.4D), discharge 1,900 gpm, (Q/g D ) = 0.40 , 

base sump type 18 
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Pumps Run Sump Submergence 
100 J95 018 2.5 

Date 06 Jul 82, Time 0830, Air Temp 76° F, Water Temp 78° F, Barometric 
Pressure 29.84 in. Hg. 

01 IFV 1/16 in. diam, CW at 8 to 6 o'clock, IBWV, 1/16 in. diam CCW at 
6 o'clock. No surface vortices. 

02 NSCE (No Significant Change Except) vortices becoming smaller and 
occurring less frequently. 

03 Same as #2, except water surface more calm. 

04 NSCE, IBWV gone. IFV is now smaller, approximately 1/32 in. diam. 

05 NSC. 

06 NSCE IFV getting smaller, occurring less frequently, and mostly at 
6 o'clock. 

07 NSCE, IFV appearing less frequently (approximately 30-sec intervals). 

Date 06 Jul 82, Time 1010, Air Temp 84° F, Water Temp 78° F, Barometric 
Pressure 29.84 in. Hg. 

09 IFV gone. Water surface becoming more calm. 

10 NSCE, flashing appearing on tip of blade, possible cavitation. 

11 NSC. 

12 NSCE flashing on impeller blade becoming larger. 

13 Same as 812. 

14 Same as #13. 

15 NSCE flashing becoming much larger. No vortices. 

16 Same as HIS. 

17 NSCE air spray from bell reaching approximately 4 in. below bell. 

Date 06 Jul 82 , Time 1110, Air Temp 88° F, Water Temp 79° F, Barometric 
Pressure 29.86 in. Hg. 

Figure 125. Visual observation notes, run J-95 

205 



Pumps Run Sump Submergence 
100 J97 018 

Date 08 Jul 82, Time 0800, Air Temp 75° F, Water Temp 79° F, Barometric 
P' essure 29.92 in. Hg. 

01 IFV CW /CCW, mostly CW, 
IBWV CCW at 6 o'clock. 
surface. All vortices 

at 3 to 6 o'clock, approximately 1/16 in. diam 
Water surface has no vortices but just enough 

approximately 1/16 in. diam. 

02 NSCE (No Significant Change Except) IFV occurring 7 to 11 o'clock and 
all vortices becoming smaller. 

03 IBWV gone. 
mostly at 4 
recognizable 

04 NSC. 

The IFV now CW, approximately 1/32 in. diam and occurring 
to 5 o'clock. Water surface more calm with no vortices or 
circular rotational patterns. 

OS NSCE IFV becoming smaller, now approximately 1/64 in. diam. 

06 NSC. 

07 IFV gone. All vortices gone. Surface relatively still. 

Date 08 Jul 82, Time 0900, Air Temp 80° F, Water Temp 79° F, Barometric 
Pressure 29.92 in. Hg. 

08 NSCE flashing appearing on tip of pump impeller blade, possible 
cavitation. 

09-12 NSCE flashing on impeller blade becoming larger. 

13-16 Flashing on blade becoming much larger. 

17 NSCE spray expulsion from pump bell reaching approximately 4 in. below 
bell intake. 

Date 08 Jul 82, Time 1000, Air Temp 84° F, Water Temp 80° F, Barometric 
Pressure 29.93 in. Hg. 

Figure 126. Visual observation notes, run J-97 
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Figure 129. Performance characteristic curves; pump 2, Test J-99, sump 18, submergence 3.1 ft 
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N 
...... 
...... 

TEST RUH HO. 020-J98-018-3.1 16 JUL 82 All MEASUREMEHTS BETWEEH DISCHARGE OF 1500 1 2500 GPM 

PUMP 1 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE 

I 
eGPM 

I 
I MINIMUM VALUE I eGPM : : 

VELOCITY ! l 
! 

TOTAL HEAD l 
! 

PUMP HOISE I 
I 
I 

SHAFT POWER I 
I 
I 

PUMP EFFICIENCY I 
I 
I 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I eGPM MINIMUM VALUE I eGPM : I 
I 

VELOCITY .0000 IPS•GPM 3.1651 IPS•GPM . 135357 IPS !1500 GPM . 091679 IPS :1990 
! 

GPM 

TOTAL HEAO 20 .91 FT•GPM 45.10 FT•GPM 25.69360 FT 1500 GPM 14.01910 FT l2500 I GPM 

PUMP HOISE .00584 PSI•GPM .00000 PSI•GPM .0000791 PSI 1500 GPM .0000594 PSI !2500 GPM 

SHAFT POWER 13.282 HP•GPM 3.917 HP•GPM 14 . 41260 HP 1880 GPM 13.36250 HP !2500 GPM 

PUMP EFFICIEHCY .00 I • GPM 360.31 I • GPM 75.49070 I 1960 GPM 65.97230 I !2500 GPM 

PUMP 3 
I I 

eGPM PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I eGPM MINIMUM VALUE I 

: I 
I 

VELOCITY ! l 
l 

TOTAL HEAD : 
I 

PUMP HOISE : 
I 

I 

SHAFT POWER I 
I 

I 
PUMP EFFICIEHCY I 

I 

Figure 131. Statistical comparison pump 2, Test J-98, sump 18, submergence 3.1 ft 



N .... 
N 

TEST RUH HO. 020-J99-018-3.1 19 JUL 82 ALL MEASUREMEHTS BETWEEN DISCHARGE OF 1500 ' 2500 GPM 

PUMP 1 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ttGPM MIHIMUM VALUE I ttGPM : : 
VELOCITY : : 

! ! 
I I 

TOTAL HEAD I I 
I I 

I I 

PUMP HOISE I I 
I I 

SHAFT POWER 
I I 
I I 
I I 

PUI'tP EFFICIEHCY I I 
I I 
I I 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXII'tUM VALUE I ttGPM MIHIMUM VALUE I •GPM I I 
I I 

VELOCITY 5.1307 IPS•GPM .0000 IPS•GPI't . 143749 IPS :1500 
! 

GPM .099~36 IPS :1930 
! GPM 

I 

:2500 TOTAL HEAD .00 FT•GPM 190.05 FT•GPM 25.57970 FT :t5oo GPM 13.76660 FT GPM 
i ! 

PUMP HOISE .00000 PSI•GPM .00919 PSI•GPI't .0000674 PSI 
I 

:15oo GPM .0000440 PSI 
I 

:1830 GPM 

SHAFT POWER 2 . 567 HP•GPM 29.469 HP•GPM 14.38000 HP !1870 GPM 13.20010 HP !2500 GPM 

PUI'tP EFFICIEHCY .00 l • GPM 789 . 36 l • GPM 75.27090 I !1970 GPM 65.13370 I !2500 GPI't 

PUMP 3 
I I 

PARAI'tETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ttGPM l'tiHII'tUM VALUE I ttGPM I I 
I I 

VELOCITY : : 
! ! 

TOTAL HEAD : : 
! ! 

PUMP HOISE I I 
I I 
I I 

SHAFT POWER I I 
I I 
I I 

PUI'tP EFFICIEHCY I I 
I I 
I I 

Figure 132. Statistical comparison pump 2, Test J-99, sump 18, submergence 3.1 ft 



TEST RUH HO. 020-K06-018-3.1 28 JUL 82 ALL MEASUREMENTS BETWEEN DISCHARGE OF 1500 & 2500 GPM 

PUMP 1 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE 

I I 
I tHJPM MIHIMUM VALUE I tHJPM 
~ : 

VELOCITY ! : 
! 

TOTAL HEAD ! 

PUMP HOISE 

SHAFT POWER 

PUMP EFFICIENCY 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I tHJPM MIHIMUM VALUE I tHJPM 
~ I 

I 

VELOCITY 2.4676 IPS•GPM 3. 0937 IPS•GPM .137491 IPS !1500 GPM . 085018 IPS :1920 GPM 
; ! 

TOTAL HEAD 120.18 FT•GPM 1.45 FT•GPM 25.74320 FT 1500 GPM 14.17730 FT :2500 GPM 
_; I 

PUMP HOISE .00000 PSI•GPM .00779 PSI•GPM .0000677 PSI 1500 GPM .0000452 PSI ! 1920 GPM 

SHAFT POWER 2.067 HP•GPM 48.348 HP•GPM 14.33380 HP 1910 GPM 13.3 .. 420 HP !2500 GPM 

PUMP EFFICIENCY 505.92 1 • GPM .67 1 • GPM 76.61770 1 1960 GPM 66.91520 1 !2500 GPM 

PUMP 3 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I tHJPM MINIMUM VALUE I tHJPM 
I I 

' 
VELOCITY ! ; 

; ! 
TOTAL HEAD : 

I ; 

PUMP HOISE : 
! 
I 

SHAFT POWER I 
I 

. I 
PUMP EFFICIENCY I 

I 

Figure 133. Statistical comparison pump 2, Test K-06, sump 18, submergence 3.1 ft 
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Figure 134. Performance characteristic curves; pump 2, sump 18, submergence 3.1 ft 



REAOrDISC-rSUBME-rSTATICrVELOCr TOTALrTORQUErVOL-rCUR-rMOTORrSHAFTrWATERrMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGErRGEHCEr HEAD 1 HEADr HEAD 1 rTAGEaREHTrPOWER.POWER.POWERaEFF. aEFF.sSPEED.RMS 1 MAX1 RMS rMIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

• GPM • FEET • FEET 1 FEETr FEET 1 FT•LB.VOLTrAMPSa HP 1 HP 1 HP a X a l a RPM alPS 1 IPSa PSI tFEETaFEET 

2811 3.10 
2818 3.10 
2815 3.10 
2813 3.10 
2820 3.10 
2625 3.10 
2621 3.10 
2625 3.10 
2623 3.10 
2622 3.10 
2408 3.10 
2412 3.10 
2411 3.10 
2406 3.10 
2407 3.10 
2250 3.10 
2244 3 . 10 

.45 

.41 

.34 

.39 

.41 
4.77 
4.78 
4.71 
4.78 
4 . 80 
9.02 
9 . 02 
9.02 
9.01 
9 . 03 

11.78 
11.73 

2247 3 . 10 11 . 79 
2243 3.10 11.77 
2243 3 . 10 11.80 
2107 3.10 13.75 
2107 3 .10 13.75 
2108 3.10 13.75 
2106 3.10 13.77 
2101 3.10 13.80 
1993 3.10 15 . 38 
1998 3.10 15.37 
2 001 3 . 10 15.36 
1995 3.10 15.39 
1996 3.10 15.35 

2.05 7.606 34.99 479 17.4 19.36 11.83 5.41 61.09 45.7 
2.06 7.577 34.99 478 17.4 19.35 11.83 5.40 61.13 45.6 
2.06 7.501 34.86 479 17.4 19.33 11.78 5.34 60.94 45.3 
2.05 7.543 34.92 479 17.4 19.36 11.80 5.36 60.97 45.5 
2.06 7.581 34.98 479 17.4 19.37 11.82 5.40 61.05 45.7 
1.79 11.660 38.02 479 17.8 19.79 12.85 7.74 64.93 60.2 
1.78 11.664 37.99 479 17.8 19.78 12.84 7.73 64.92 60.2 
1.79 11.599 37.94 479 17.8 19.75 12.82 7.70 64.91 60.0 
1.79 11.670 37.98 479 17.8 19.78 12.83 
1.78 11.683 38.04 479 17.8 19.78 12.86 
1.50 15.631 40.52 479 18.1 20.18 13.70 
1.51 15.636 40.53 479 18.1 20.16 13.70 
1.51 15.627 40.60 479 18.2 20.18 13.72 
1.50 15.618 40.53 479 18.1 20.17 13.70 

7.74 64.89 60.3 
7.74 64.98 60.2 
9.52 67.88 69.5 
9.53 67.96 69.6 
9.52 68.00 69.4 
9.50 67.92 69.3 

1.50 15.636 40.59 479 18.2 20.19 13.72 9.52 67.96 69.4 
1.31 18.194 41.85 478 18.3 20.32 14.14 10.35 69.62 73.2 
1.31 18.144 41.86 478 18.3 20.34 14.15 10.29 69.58 72.8 
1.31 18. 204 41.89 
1.31 18.177 41.84 
1.31 18.212 41.83 
1.15 20 . 009 42.35 
1 .15 20.009 42 .32 
1 . 15 2 0 . 011 42.31 
1.15 20.024 42.37 
1 . 15 20.046 42.35 
1.03 21.511 42.53 
1.04 21.506 42.57 
1.04 21.508 42.60 
1.03 21.529 42.60 
1 . 03 21.489 42.52 

478 18.3 20.33 14.16 10.34 69.63 73.1 
478 18.3 20.33 14.14 10.31 69.56 72.9 
478 18.3 20.31 14.14 10.33 69.59 73.1 
480 18.4 20.45 14.31 10.66 69.99 74.5 
48 0 18.4 20.45 14.30 10 . 66 69.94 74.5 
479 18.4 20.42 14.30 10.66 70.03 74.6 
479 18.4 20.44 14.32 10.66 70.07 74.5 
479 18.4 20 . 42 14.31 10.65 70.08 74.4 
479 18.4 20 . 41 14 . 37 10 . 84 70.41 75.4 
479 18.4 20.42 14.39 10.86 70.44 75.5 
479 18.4 20.44 14.40 10.88 70.43 75.6 
479 18.4 20.44 14.40 10.86 70.44 75 . 4 
479 18.4 20.42 14.37 10.84 70.38 75.4 

1775 .032 .103 .000066 3.42 3.72 
1775 .035 .106 .000068 3.01 3.72 
1775 .031 .098 .000060 3.60 3.75 
1775 .038 .123 .000072 3.32 3.73 
1775 .037 .099 .000069 3.60 3.73 
1775 .029 .088 .000058 3.45 3.69 
1775 .036 .112 .000060 3.29 3.68 
1775 .033 .084 .000059 3.51 3.67 
1775 .035 .10~ .000054 3.45 3.68 
1775 .041 .102 .000058 3.61 3.70 
1775 .044 .125 .000061 3.28 3.70 
1775 .030 .099 .000060 3.40 3.68 
1775 .035 .100 .000061 3.61 3.70 
1775 .032 .092 .000063 3.60 3.70 
1775 .030 .076 .000058 3.54 3.69 
1775 .044 .116 .000058 3.33 3.68 
1775 .037 . 107 .000066 3.60 3.69 
1775 .032 .087 .000060 3.36 3.71 
1775 .046 .130 .000061 3.49 3.69 
1775 .031 .084 .000060 3.60 3.70 
1775 .030 .100 .000070 3 . 49 3.67 
1775 . 032 .103 .000060 3.58 3.66 
1775 .031 .086 .000058 3.50 3.68 
1775 .035 .092 .000060 3.41 3.67 
1775 .038 .098 .000062 3.50 3.68 
1775 .027 . 083 .000062 3.44 3.67 
1775 .028 .087 .000068 3.45 3.66 
1775 .030 .100 .000066 3.49 3.67 
1775 .031 .079 .000065 3.55 3.65 
1775 .028 .102 .000062 3.55 3.65 

TEST RUH HO. 020-J98-018- 3.1 16 JUL 82 

Figure 135. Research data; pump 2, Test J-98, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READIDlSC-~SUBME-aSTATICIVELOCI TOTALITORQUErVOL-rCUR-aMOTORaSHAFTaWATERIMOTORaPUMPaSHAFTaVELOCITV • HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD: HEAD1 HEAD 1 tTAGErREHTaPOWERaPOWERaPOW£R1EFF. rEFF.aSPEEDaRMS a MAX• RMS 1MIH a MAX 

1 GPM 1 FEET 1 FEET 1 FEET1 FEET 1 FT•LBtVOLTaAMPSa HP 1 HP 1 HP 1 I 1 I 1 RPM alPS a IPSa PSI aFEETaFEET 

7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1900 3.10 16.59 
1903 3.10 16.57 
1898 3.10 16.57 
1905 3.10 16.56 
1901 3.10 16.58 
1801 3.10 17.75 
1803 3.10 17.74 
1800 3.10 17.74 
1796 3.10 17.70 
1798 3.10 17.76 
1720 3.10 18.54 
1721 3.10 18.51 
1718 3.10 18.54 
1715 3.10 18.51 
1719 3.10 18.52 
1609 3.10 19.38 
1607 3.10 19.43 
1607 3.10 19.40 
1608 3.10 19.42 
1607 3.10 19.40 
1510 3.10 19.95 
1506 3.10 19.97 
1505 3.10 19.94 
1507 3.10 19.99 
1511 3.10 20.00 
1403 3.10 20.36 
1404 3.10 20.35 
1402 3.10 20.35 
1404 3.10 20.32 
1404 3.10 20.35 

.94 22.628 42.70 479 18.4 20.44 14.43 10.87 70.61 75.3 

.94 22.615 42.67 480 18.4 20.46 14.42 10.88 70.50 75.4 

.93 22.606 42.63 480 18.4 20.46 14.41 10.85 70.41 75.3 

.94 22.603 42.62 479 18.4 20.43 14.40 10.89 70.48 75.6 

.94 22.624 42.63 479 18.4 20.44 14.41 10.87 70.48 75.5 

.84 23.695 42.59 480 18.4 20.48 14.40 10.79 70.28 74.9 

.84 23.689 42.60 481 18.4 20.50 14.40 10.80 70.23 75.0 

.84 23.688 42.59 481 18.4 20.51 14.39 10.78 70.19 74.9 

.84 23.644 42.52 480 18.4 20.46 14.37 10.73 70.24 74.7 

.84 23.702 42.63 480 18.4 20.49 14.41 10.77 70.31 74.8 

.77 24.410 42.41 482 18.3 20.48 14.33 10.62 69.98 74.1 

.77 24.386 42.35 482 18.3 20.49 14.31 10.61 69.85 74.1 

.77 24.409 42.38 481 18.3 20.48 14.32 10.60 69.95 74.0 

.76 24.379 42.26 481 18.3 20.45 14.28 10.57 69.85 74.0 

.77 24.393 42.28 481 18.3 20.42 14.29 10.60 69.98 74.2 

.67 25.155 41.72 481 18.2 20.38 14.10 10.23 69.19 72.6 

.67 25.201 41.80 482 18.2 20.39 14.13 10.24 69.28 72.5 

.67 25.174 41.77 482 18.2 20.39 14.12 10.23 69.24 72.5 

.67 25.190 41.81 482 18.2 20.39 14.13 10.24 69.30 72.4 

.67 25.173 41.78 482 18.2 20.39 14.12 10.23 69.24 72.4 

.59 25.644 40.98 482 18.1 20.29 13.85 9.79 68.26 70.7 

.59 25.667 41.00 482 18.1 20.28 13.86 9.77 68.33 70.5 

.59 25.631 40.93 482 18.1 20.29 13.83 9.75 68.17 70.5 

.59 25.684 40.98 483 18.1 20.30 13.85 9.78 68.22 70.6 

.59 25.698 41.00 482 18.1 20.30 13.86 9.82 68.28 70.8 

.51 25.978 40.00 

.51 25 . 969 39.94 

.51 25.966 39.95 

.51 25.936 39.86 

. 51 25.962 39.94 

483 18.0 20.18 13.52 
482 18.0 20.16 13.50 
483 18.0 20.16 13.50 
482 18.0 20.14 13.47 
482 18.0 20.13 13.50 

9.21 67.00 68.1 
9.22 66.98 68.3 
9.20 66.99 68.2 
9.21 66.88 68.3 
9.22 67.07 68.3 

TEST RUH HO. 020-J98-018-3.1 16 JUL 82 

Figure 135. (Sheet 2 of 3) 

1775 .032 .086 .000066 3.54 3.67 
1775 .031 .090 .000059 3.57 3.68 
1775 .031 .106 .000.83 3.56 3.67 
1775 .029 .106 .000060 3.49 3.65 
1775 .029 .082 .000064 3.57 3.67 
1775 .028 .071 .000071 3.58 3.68 
1775 .033 .094 .000066 3.58 3.68 
1775 .034 .105 .000066 3.55 3.69 
1775 .030 .11~ .000068 3.55 3.68 
1775 .033 .091 .000066 3.56 3.68 
1775 .033 .112 .000068 3.52 3.64 
1775 .032 .082 .000070 3.56 3.64 
1775 .034 .112 .000064 3.51 3.64 
1775 .032 .096 .000069 3.52 3.65 
1775 .037 .100 .000070 3.43 3.64 
1775 .038 .107 .000073 3.56 3.66 
1775 .034 .087 .000070 3.57 3.67 
1775 .044 .148 .000066 3.57 3.68 
1775 .045 .119 .000065 3.50 3.67 
1775 .039 .118 .000068 3.56 3.68 
1775 .048 .136 .000078 3.54 3.67 
1775 .045 .126 .000079 3.51 3.67 
1775 .043 .110 .000079 3.54 3.67 
1775 .044 .124 .000074 3.55 ~.70 
1775 .045 .148 .000081 3.57 3.69 
1775 .059 . 167 .000088 3.53 3.70 
1775 .058 .158 .000090 3.53 3.69 
1775 .059 .173 .000092 3.54 3.68 
1775 .057 .164 .000088 3.49 3.67 
1775 .059 .194 .000091 3.51 3.68 

• 



READaDISC-aSUBME-cSTATICaVELOCc TOTALrTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCJTV a HOJSE aPRESSURE 
HO.aHARGE1RGEHCEa HEAD 1 HEAD1 HEAD a 1TAGE1REHT1POWERaPOWERaPOWER1EFF. 1EFF.1SPEEDaRMS 1 MAXa RMS 1MIH 1 MAX 

1 GPM 1 FEET 1 FEET a FEETr FEET 1 FT•LB1VOLT1AMPS1 HP 1 HP 1 HP 1 1 1 1 a RPM alPS 1 IPSa PSI rFEET1FEET 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

1302 3.10 
1296 3.10 
1301 3.10 
1299 3.10 
1298 3.10 
1209 3.10 
1209 3.10 
1203 3.10 
1210 3.10 
1206 3.10 
1111 3.10 
1111 3.10 
1111 3 . 10 
1107 3.10 
1110 3.10 
1003 3.10 
1002 3.10 
1000 3.10 
1003 3.10 
1006 3.10 
919 3 . 10 
920 3.10 
923 3.10 
924 3.10 
918 3.10 

20.38 
20.33 
20 . 36 
20.40 
20.38 
20.45 
20.49 
20.41 
20.44 
20.43 
21.02 
20.98 
21.02 
21.04 
21.01 
22.00 
21.97 
21.99 
22.02 
21.99 
22.91 
22 . 94 
22.97 
22.91 
22.98 

.44 25.920 38.75 482 17.8 19.97 13.10 

.44 25.873 38.69 483 17.8 19.99 13.08 

.44 25.902 38.73 483 17.8 19.98 13.09 

. 44 25.942 38.81 483 17.8 20.01 13.12 

.44 25.919 38.79 483 17.8 19.99 13.11 

.38 25.930 38.02 483 17.8 19.92 12.85 

.38 25.970 38.04 483 17.8 19.91 12.86 

.38 25 . 893 37.97 483 17.7 19.92 12.83 

8.53 65.56 65.1 
8.48 65.43 64.8 
8.52 65.50 65.1 
8.52 65.55 64.9 
8.51 65.58 64.9 
7. 92 64.51 61.7 
7 . 94 64 . 57 61. 7 
7 . 88 64 • 41 61. 4 

.38 25.921 38.04 483 17.8 19.91 12.86 7.93 64.57 61.7 

.38 25.910 37.96 483 17.7 19.90 12.83 7.90 64.46 61.6 

.32 26.449 38.06 483 17.8 19.89 12.86 7.43 64.67 57.7 

.32 26.400 37.93 483 17.7 19.88 12.82 7.41 64.49 57.8 

.32 26.447 38.02 482 17.8 19.89 12.85 7.43 64.60 57.8 

.32 26 . 464 38.03 483 17.7 19.89 12.85 7.41 64.62 57.6 

.32 26.430 38.04 482 17.8 19.89 12.86 7.42 64.65 57.7 

.26 27.365 38.59 484 17.8 20 . 0~ 13.04 6.94 65.23 53.2 

. 26 27.335 38.60 483 17.8 19.97 13.05 6.92 65.32 53.1 

.26 27 . 348 38.60 483 17.8 19.98 13.05 6.91 65.30 53.0 

. 26 27.386 38.68 483 17.8 19.99 13.07 6.94 65.39 53.1 

.26 27.354 38.64 483 17.8 19.98 13.06 6.95 65.37 53.3 

.22 28.235 39.30 484 17.9 20.09 13.28 6.56 66.12 49.4 

.22 28.260 39.24 483 17.9 20.07 13.26 6.58 66.09 49.6 

.22 28.291 39.29 483 17.9 20.07 13.28 6.60 66.14 49.7 

. 22 28.240 39.26 483 17.9 20.08 13.27 6.60 66.08 49.7 

.22 28.307 39.33 483 17.9 20.07 13.29 6.57 66.21 49.4 

TEST RUH HO. 020-J98-018- 3.1 16 JUL 82 

Figure 135. (Sheet 3 of 3) 

1775 .078 .265 .000109 3.47 3.73 
1775 .085 .260 .000109 3.47 3.74 
1775 .078 .248 .000111 3.49 3.73 
1775 .081 .240 .000104 3.49 3.73 
1775 .084 .221 .000105 3.46 3.74 
1775 .095 .276 .000115 3.36 3.75 
1775 .096 .308 .000111 3.45 3.79 
1775 .086 .221 .000119 3.36 3.81 
1775 .090 .261 .000115 3.43 3.78 
1775 .098 .259 .000117 3.45 3.76 
1775 .094 .304 .000117 3.40 3.86 
1775 .091 .228 .000120 3.31 3.79 
1775 .103 .298 .000126 3.31 3.79 
1775 .102 .314 .000124 3.31 3.81 
1775 .107 .306 .000125 3.35 3.80 
1775 .114 .360 .000126 3.10 3.96 
1775 .111 .309 . 000124 3.06 4.00 
1775 .114 .392 .000129 3.00 4.01 
1775 .118 .366 .000122 3.06 3.91 
1775 .122 .314 .000133 3.07 4.04 
1775 .122 .471 .000140 2.93 4.15 
1775 .125 .379 .000141 2.92 4.19 
1775 .126 .363 .000150 2.83 4.26 
1775 .124 .345 .000150 2.82 4.27 
1775 .127 .379 .000135 2.90 4.12 '. 



REAOaOISC-aSUBME-rSTATICaVELOCa TOTAlaTORQUEaVOL-rCUR-:MOTORrSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD 1 HEADa HEAD 1 aTAGEaREHTrPOWERaPOWER1POWERaEFF. rEFF.aSPEEDaRMS 1 MAXa RMS aMIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

a GPM 1 FEET a FEET 1 FEETa FEET 1 FT•LBrVOLT1AMPS: HP 1 HP 1 HP 1 1 1 1 a RPM alPS 1 IPSa PSI aFEETaFEET 

2793 3.10 
2797 3.10 
2792 3.10 
2798 3.10 
2797 3.10 
2611 3.10 
2616 3.10 
2611 3.10 
2612 3.10 
2614 3.10 
2410 3.10 
2410 3.10 
2411 3.10 
2410 3.10 
2410 3.10 
2256 3.10 
2251 3.10 
2255 3.10 
2257 3.10 
2256 3.10 
2101 3.10 
2107 3.10 
2098 3.10 
2102 3.10 
2101 3.10 
1996 3.10 
2007 3.10 
1996 3.10 
2000 3.10 
1997 3.10 

.36 

.35 

.29 

.33 

.33 
4.66 
4.67 
4.64 
4.67 
4.65 
8.77 
8.76 
8.78 
8.77 
8.76 

11.40 
11.40 
11.35 
11.39 
11.40 
13.69 
13.72 
13.74 
13.72 
13.69 
15.22 
15.20 
15.24 
15.25 
15.24 

2.02 7.485 35.00 472 15.8 17.28 11.83 5.28 68.44 44.7 
2.03 7.482 34.96 472 15.8 17.28 11.81 5.29 68.39 44.8 
2.02 7.420 35.01 472 15.8 17.26 1~.83 5.24 68.55 44.3 
2.03 7.466 35.06 471 15.8 17.25 11.85 5.28 68.71 44.6 
2.03 7.463 35.00 472 15.7 17.25 11.83 5.28 68.58 44.6 
1.77 11.532 37.90 470 16.1 17.53 12.81 7.61 73.08 59.4 
1.78 11.547 37.90 470 16.1 17.52 12.81 7.64 73.12 59.6 
1.77 11.510 37.84 470 16.1 17.54 12.79 7.60 72.93 59.4 
1.77 11.542 37.83 470 16.1 17.54 12.79 7.62 72.87 59.6 
1.77 11.528 37.84 470 16.1 17.53 12.79 7.62 72.95 59.6 
1.51 15.385 40.35 474 16.4 18.06 13.64 9.37 75.53 68.7 
1.51 15.375 40.36 474 16.4 18.05 13.64 9.37 75.59 68.7 
1.51 15.393 40.35 473 16.4 18.02 13.64 9.38 75.69 68.8 
1.51 15.379 40.29 473 16.4 17.99 13.62 9.37 75.71 68.8 
1.51 15.375 40.37 474 16.4 18.01 13.64 9.37 75.75 68.7 
1.32 17.822 41.51 473 16.6 18.22 14.03 10.16 77.02 72.4 
1.31 17.821 41.52 473 16.6 18.20 14.03 10.14 77.10 72.3 
1.32 17.776 41.47 
1.32 17.817 41.58 
1.32 17.829 41.58 
1.15 19.934 42.20 
1.15 19.971 42.24 
1.14 19.991 42.25 
1.15 19.966 42.20 
1.15 19.940 42.19 
1.03 21.358 42.45 
1.05 21.353 42.41 
1.03 21.376 42.50 
1.04 21.388 42.49 
1.03 21.376 42.47 

472 16.6 18.16 14.02 10.14 77.17 72.3 
473 16.6 18.20 14.05 10.17 77.22 72.3 
473 16.6 18.20 14.05 10.17 77.22 72.4 
472 16.6 18.22 14.26 10.59 78.26 74.2 
472 16.7 18.29 14.28 10.64 78.06 74.5 
472 16. 7 18.27 14.28 10.60 78.17 74.3 
472 16.7 18.26 14.26 10.61 78.12 74.4 
472 16.7 18.25 14.26 10.59 78.11 74.3 
473 16.5 18.14 14.35 10.78 79.09 75.1 
473 16.5 18.16 14.33 10.84 78.93 75.6 
473 16.6 18.17 14.36 10.79 79.04 75.1 
473 16.5 18.15 14.36 10.82 79.12 75.3 
472 16.5 18.15 14.35 10.79 79.09 75.2 

1775 .034 .10~ .000051 3.54 3.74 
1775 .032 .092 .000052 3.54 3.75 
1775 .031 .094 .000052 3.48 3.74 
1775 .034 .120 .000055 3.61 3.74 
1775 .035 .101 .000054 3.31 3.74 
1775 .026 .083 .000049 3.48 3.73 
1775 .035 .100 .000049 2.71 3.73 
1775 .041 .101 .000050 3.61 3.74 
1775 .031 .089 .000048 3.45 3.74 
1775 .028 .079 .000049 3.52 3.73 
1775 .041 .136 .000047 3.60 3.73 
1775 .037 .101 .000043 3.53 3.73 
1775 .033 .096 .000048 3.62 3.74 
1775 .043 .123 .000046 3.59 3.73 
1775 .038 .117 .000047 3.54 3.73 
1775 .036 .099 .000048 3.48 3.72 
1775 .036 .112 .000045 2.85 3.70 
1775 .032 .098 .000042 3.56 3.69 
1775 .041 .109 .000049 3.52 3.69 
1775 .033 .094 .000051 3.53 3.71 
1775 .046 .112 .000042 3.56 3.66 
1775 .036 .127 .000046 3.56 3.68 
1775 .029 .082 .000052 3.50 3.70 
1775 .041 .129 .000052 3.50 3.70 
1775 .032 .084 .000044 3.56 3.69 
1775 .031 .103 .000057 3.54 3.69 
1775 .037 .103 .000049 3.46 3.69 
1775 .034 .095 .000054 3.59 3.70 
1775 .034 .111 .000055 3.59 3.69 
1775 .030 .088 .000063 3.59 3.69 

TEST RUH HO. 020-J99-018-3.1 19 JUL 82 

Figure 136. Research data; pump 2, Test J-99, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READaDISC-,SUBME-,STATICtVELOC, TOTALaTORQUEtVOL-,CUR-aMOTORtSHAFTtWATERaMOTORtPUMPtSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEtRGEHCEa HEAD 1 HEADa HEAD 1 aTAGEaREHTaPOWERtPOWERaPOWERaEFF. tEFF.tSPEEDaRMS a MAXa RMS aMIH 1 MAX 

a GPM a FEET a FEET a FEETa FEET a FT•LBaVOLTaAMPSI HP a HP 1 HP 1 % a % a RPM alPS a IPSa PSI aFEETaFEET 

7 1899 3.10 16.46 
7 1902 3.10 16.45 
7 1901 3.10 16.46 
7 1899 3.10 16.45 
7 1898 3.10 16.45 
8 1798 3.10 17.61 
8 1795 3.10 17.59 
8 1794 3.10 17.62 
8 1796 3.10 17.62 
8 1798 3.10 17.59 
9 1706 3.10 18.46 
9 1702 3.10 18.46 
9 1706 3.10 18.47 
9 1709 3.10 18.46 
9 1703 3.10 18.45 

10 1604 3.10 19.30 
10 1605 3.10 19.30 
10 1606 3.10 19.31 
10 1605 3.10 19.31 
10 1606 3.10 19.30 
11 1502 3.10 19.90 
11 1499 3.10 19.87 
11 1502 3.10 19.87 
11 1503 3.10 19.90 
11 1501 3.10 19.89 
12 1388 3.10 20.25 
12 1391 3.10 20.28 
12 1393 3.10 20.23 
12 1390 3.10 20.20 
12 1392 3.10 20.29 

.94 22.503 42.64 473 16.6 18.22 14.41 10.80 79.08 75.0 1775 .029 .087 .000046 3.54 3.64 

.94 22.488 42.58 473 16.6 18.22 14.39 10.81 78.98 75.1 1775 .031 .094 .000043 3.48 3.64 

.94 22.507 42.58 473 16.6 18.21 14.39 10.82 79.02 75.2 1775 .035 .107 .000043 3.52 3.63 

.94 22.487 42.49 472 16.6 18.18 14.36 10.79 78.99 75.2 1775 .031 .101 .000044 3.48 3.64 

.93 22.485 42.47 473 16.6 18.18 14.35 10.79 78.94 75.2 1775 .032 .104 .000041 3.52 3.66 

.84 23.553 42.51 473 16.2 17.79 14.37 10.71 80.78 74.5 1775 .032 .096 .000043 3.52 3.62 

.84 23.531 42.50 472 16.2 17.79 14.36 10.68 80.71 74.4 1775 .034 .100 .000041 3.52 3.62 

.83 23.561 42.55 472 16.2 17.79 14.38 10.68 80.82 74.3 1775 .037 .115 .000046 3.48 3.62 

.84 23.560 42.54 473 16.2 17.79 14.38 10.70 80.81 74.4 1775 .046 .135 .000048 3.42 3.62 

.84 23.535 42.47 472 16.2 17.79 14.35 10.70 80.66 74.6 1775 .033 .086 .000042 3.52 3.62 

.75 24.323 42.27 473 16.2 17.79 14.29 10.49 80.32 73.4 1775 .035 .091 .000046 3.53 3.63 

.75 24.317 42.30 473 16.2 17.76 14.30 10.46 80.51 73.2 1775 .036 .107 .000047 3.53 3.64 

.75 24.334 42.29 472 16.2 17.76 14.29 10.49 80.46 73.4 1775 .035 .117 .000048 3.52 3.64 

.76 24.321 42.29 473 16.2 17.80 14.29 10.51 80.30 73.5 1775 .039 .112 .000048 3.52 3.64 

.75 24.312 42.34 473 16.2 17.82 14.31 10.47 80.29 73.2 1775 .035 .121 .000047 3.52 3.64 

.67 25.071 41.85 474 16.1 17.75 14.14 10.17 79.68 71.9 1775 .041 .131 .000058 3.53 3.63 

.67 25.075 41.83 473 16.2 17.78 14.14 10.18 79.53 72.0 1775 .042 .127 .000056 3.49 3.63 

.67 25.079 41.81 474 16.2 17.82 14.13 10.18 79.29 72.1 1775 .037 .107 .000063 3.48 3.62 

.67 25.077 41.83 473 16.1 17.74 14.14 10.17 79.67 72.0 1775 .042 .149 .000060 3.41 3.63 

.67 25.075 41.83 474 16.2 17.79 14.14 10.18 79.49 72.0 1775 .039 .139 .000061 3.48 3.63 

.59 25.593 41.07 471 16.1 17.60 13.88 9.72 78.86 70.0 1775 .045 .160 .000070 3.48 3.62 

.58 25.556 40.96 471 16.1 17.59 13.84 9.69 78.69 70.0 1775 .046 .129 .000063 3.49 3.64 

.59 25.557 40.99 471 16.2 17.67 13.85 9.71 78.38 70.1 1775 .046 .133 .000066 3.49 3.66 

.59 25.589 41.03 471 16.2 17.66 13.87 9.72 78.52 70.1 1775 .044 .133 .000067 3.52 3.64 

.58 25.575 40.99 472 16.1 17.62 13.85 9.70 78.64 70.1 1775 .044 .141 .000066 3.52 3.66 

.so 25.849 39.87 471 15.9 17.43 13.48 9.07 77.31 67.3 1775 .063 .159 .000082 3.49 3.68 

.so 25.883 39.91 472 16.0 17.48 13.49 9.10 77.17 67.5 1775 .059 .183 .000080 3.49 3.69 

.50 25.842 39.86 471 16.0 17.49 13.47 9.10 77.04 67.6 1775 .062 .205 .000082 3.51 3.73 

.50 25.808 39.83 471 15.9 17.43 13.46 9.07 77.24 67.4 1775 .062 .175 .000082 3.48 3.67 

.50 25.900 39.99 472 16.0 17.53 13.51 9.11 77.10 67.4 1775 .063 .162 .000079 3.49 3.68 

TEST RUH HO. 020-J99-018-3.1 19 JUL 82 

Figure 136. (Sheet 2 . of 3) 



N 
N 
0 

READaDISC - aSUBME-aSTATICIVELOCI TOTALITORQUEaVOL-cCUR-aMOTORaSHAFT1WATERIMOTORaPUMP1SHAFTaVELOCITV 1 HOISE aPRESSURE 
H0.1HARGEaRGEHCEa HEAD 1 HEAD1 HEAD : aTAGEaREHTaPOWERaPOWER1POWER1EFF. 1EFF.1SPEED1RMS 1 MAX1 RMS aMIH 1 MAX 

1 GPM a FEET a FEET 1 FEETa FEET a FT•LBaVOLTaAMPSc HP a HP 1 HP a X a X 1 RPM alPS a IPSa PSI aFEETaFEET 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

1308 3 . 10 
1307 3.10 
1312 3.10 
1308 3.10 
1306 3.10 
1212 3.10 
1208 3.10 
1207 3.10 
1209 3.10 
1208 3.10 
1105 3.10 
1108 3.10 
1107 3.10 
1108 3.10 
1108 3.10 
1002 3.10 
1003 3.10 
1005 3.10 
1005 3.10 
1006 3.10 
908 3.10 
909 3.10 
907 3.10 
909 3.10 
905 3.10 

20.31 
20.30 
20.30 
20.28 
20.27 
20.31 
20.26 
20.31 
20.26 
20.21 
20.81 
20.81 
20.83 
20.82 
20.82 
21.78 
21.86 
21.83 
21.77 
21.82 
22.87 
22.89 
22.90 
22.89 
22.91 

.44 25.857 39.01 

.44 25.844 39.02 

.45 25.852 39.02 

.44 25.828 38.98 

.44 25.813 38.95 

.38 25.797 38.05 

.38 25.741 37.97 

.38 25.787 38 . 02 

.38 25.739 38.02 

.38 25.693 37.95 

.32 26.233 37.96 

.32 26.234 37.92 

.32 26.252 37.97 

.32 26.242 37.97 

.32 26.246 37.94 

.26 27.146 38.45 

.26 27.228 38.52 

.26 27.197 38.46 

.26 27.138 38.44 

.26 27.184 38.48 

.21 28.188 39.20 

.21 28.207 39.22 

.21 28.222 39.21 

.21 28.211 39.15 

.21 28.228 39.15 

TEST RUH HO. 020-J99-018-3.1 19 JUL 82 

474 15.9 17.55 13.18 8.55 75.11 64.9 
473 16.0 17.54 13.19 8.54 75.17 64.8 
474 15.9 17.52 13.19 8.57 75.26 65.0 
474 15.9 17.54 13.18 8.54 75.13 64.8 
474 15.9 17.46 13.16 8.52 75.40 64.7 
474 15.8 17.37 12.86 7.91 74.03 61.5 
474 15.8 17.42 12.83 7.86 73.69 61.3 
473 15.8 17.38 12.85 
473 15.8 17.35 12.85 
473 15.8 17 . 34 12.83 
473 15.8 17.37 12.83 
474 15.8 17.38 12.82 

7. 87 73.94 61.3 
7. 87 74. 06 61. 2 
7 . 84 73. 96 61. 2 
7.33 73.84 57.1 
7.35 73.75 57.3 

473 15.8 17.38 12.83 7.34 73.85 57.2 
474 15.8 17.36 12.83 7.35 73.93 57.3 
473 15.7 17.27 12.82 7.35 74.27 57.3 
472 15.8 17.27 12.99 6.88 75.23 52.9 
472 15.7 17.25 13.02 6.90 75.44 53.0 
472 15.8 17.27 13.00 6.91 75.26 53.2 
471 15.8 17.29 12.99 6.89 75.16 53.0 
471 15.8 17.25 13.01 6.92 75.40 53.2 
474 16.0 17.57 13.25 6.47 75.38 48.9 
474 16.0 17.58 13.26 6.48 75.39 48.9 
474 16.0 17.58 13.25 6.47 75.37 48.8 
475 16.0 17.58 13.23 6.48 75.25 49.0 
474 16.0 17.59 13.23 6.46 75.24 48.8 

Figure 136. (Sheet 3 of 3) 

1775 .077 .233 .000088 3.42 3.68 
1775 .076 .287 .000093 3.41 3.70 
1775 .076 .214 .000091 3.42 3.70 
1775 .081 .277 .000095 3.42 3.68 
1775 .081 .235 .000090 3.41 3.66 
1775 .095 .296 .000120 3.38 3.70 
1775 .094 .281 .000113 3.35 3.73 
1775 .093 .269 .000113 3.34 3.70 
1775 .090 .241 .000105 3.32 3.74 
1775 .091 .317 .000113 3.38 3.74 
1775 .100 .293 .000114 3.32 3.78 
1775 .097 .251 .000119 3.29 3.80 
1775 .109 .340 .000121 3.23 3.80 
1775 .099 .313 .000122 3.30 3.77 
1775 .105 .379 .000121 3.19 3.81 
1775 .110 .328 .000118 3 . 06 3.96 
1775 .113 .328 .000125 3.06 3.91 
1775 .119 .333 .000134 3.06 3.90 
1775 .108 .350 .000131 3.02 3.87 
1775 .115 .400 .000136 3.06 4.35 
1775 .125 .420 .000132 2.74 4.10 
1775 .120 .400 .000148 2.71 4.21 
1775 .128 .370 .000139 2.62 4.15 
1775 .126 .430 .000141 2.64 4.14 
1775 .129 .360 .000132 2.~0 4.18 



N 
N 
...... 

READaDISC-cSUBME-:STATlCtVELOCa TOTALaTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERIMOTORIPU~PaSHAFTaVELOClTV a HOJSE 1PRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEAD1 HEAD a aTAGEaREHT1POWERaPOWER1POWERaEFF. aEFF.aSPEEDaRMS 1 ~AXa RMS 1MIH a MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM 1 FEET a FEET a FEETa FEET a FT•LBaVOLTaAMPSa HP a HP a HP a % 1 % a RPM alPS a IPSa PSI aFEETaFEET 

2832 3.10 
2837 3.10 
2835 3.10 
2838 3.10 
2835 3.10 
2641 3.10 
2646 3.10 
2644 3.10 
26"5 3.10 
2643 3.10 
2444 3.10 
2441 3.10 
2446 3.10 
2440 3.10 
2440 3.10 
2298 3.10 
2296 3.10 
2296 3.10 
2297 3.10 
2302 3.10 
2190 3.10 
,191 3.10 
2187 3.10 
2193 3.10 
2191 3.10 
2098 3.10 
2096 3.10 
2100 3.10 
2092 3 . 10 
2098 3.10 

.44 

.38 

.41 

.39 

.38 
4.63 
4.65 
4.65 
4.64 
4.64 
8.53 
8.53 
8.54 
8.52 
8 . 51 

11.07 
11.09 
11.11 
11.08 
11.13 
12.83 
12 . 84 
12.83 
12.86 
12.88 
14.26 
14.26 
14.25 
14.26 
14.29 

2.08 7.624 34.66 
2.09 7.575 34.61 
2.09 7.596 34.71 
2.09 7.582 34.51 
2.09 7.568 34.54 
1.81 11.541 37.71 
1.82 11.567 37.74 
1.81 11.567 37.71 
1.81 11.563 37.78 
1.81 11.558 37 . 70 
1.55 15.183 40.19 
1.55 15 . 178 40.12 
1.55 15.197 40.14 
1.54 15.167 40.10 
1.54 15.161 40.07 
1.37 17.542 41.35 

470 15.8 17.30 11.71 5.46 67.70 "6.6 
470 15.8 17.29 11.70 5.43 67.63 46.5 
470 15.9 17.30 11.73 5.44 67.83 46." 
470 15.8 17.30 11.66 5.44 67.44 46.6 
470 15.8 17.29 11.67 5.42 67.49 46.5 
471 16.2 17.7" 12.75 7.71 71.87 60.5 
471 16.2 17.76 12.76 7.7" 71.82 60.7 
471 16.2 17.74 12.74 7.73 71.85 60.7 
471 16.2 17.75 12.77 7.73 71.93 60.5 
471 16.2 17.73 12.74 7.72 71.88 60.6 
470 16.5 18.03 13.58 9.38 75.32 69.1 
471 16.5 18.03 13.56 9.37 75.20 69.1 
470 16.5 18.03 13.56 9.40 75.23 69.3 
470 16.5 18.03 13.55 9.35 75.16 69.0 
470 16.5 18.02 13.54 9.35 75.17 69.1 
470 16.7 18.20 13.99 10.19 76.80 72.9 

1.37 17.564 
1. 37 17.585 
1. 37 17.549 
1. 37 17.606 
1 . 24 19.184 
1.25 19.194 
1.24 19.172 
1.25 19.210 
1. 25 19.226 
1.14 20.504 
1.14 20.501 
1.14 20.497 
1. 14 20.504 
1.14 20.537 

41.36 470 16.7 18.19 13.98 10.20 76.92 72.9 
41.40 470 16.7 18.21 13.99 10.21 76.92 72.9 
41.31 470 16.7 19.19 13.96 10.19 76 . 75 73.0 
41 . 38 470 16.7 18.18 13.99 10.25 76.91 73.3 
41 .91 470 16.7 19.23 14.17 10.62 77.71 75.0 
41.97 470 16.7 18.23 14.18 10.63 77.90 74.9 
41.93 470 16.7 18.24 14.17 10.60 77.70 74.9 
41.98 470 16.7 18.26 14.19 10.65 77.71 75.1 
42.02 470 16.7 18.25 14.20 10.65 77.82 75.0 
42.21 470 16.7 18.26 14.27 10.87 79.15 76.2 
42.16 471 16.7 18.27 14.25 10.86 77.99 76.2 
42.19 470 16.7 18.27 14.26 10.88 79.04 76.3 
42.20 470 16.7 18.24 14.26 10.94 79.17 76.0 
42.26 470 16.7 19.27 14.28 10.89 79.19 76.3 

1775 .030 .093 .000056 3.53 3.66 
1775 .031 .107 .000055 3.29 3.69 
1775 .028 .116 .000056 3.56 3.66 
1775 .031 .091 .000054 3.10 3.66 
1775 .030 .093 .000059 3.50 3.67 
1775 .032 .101 .000051 2.97 3.63 
1775 .033 .092 .000055 3.3" 3.65 
1775 .033 .090 .000055 3.51 3.64 
1775 .030 .090 .000059 3.54 3.65 
1775 .035 .095 .000061 3.43 3.65 
1775 .037 .102 .000048 3.55 3.63 
1775 .054 .191 .000046 3.43 3.63 
1775 .038 .115 .000050 3.41 3.63 
1775 .040 .101 .000052 3.52 3.65 
1775 .039 .109 .000049 3.32 3.64 
1775 .045 .133 .000051 3.49 3.65 
1775 .031 .090 .000050 3.53 3.64 
1775 .037 .119 .0000"6 3.57 3.64 
1775 .032 .099 .000052 3.52 3.63 
1775 .030 .093 .000046 3.53 3.63 
1775 .030 .102 .000047 3.57 3.67 
1775 .029 .096 .000050 3.47 3.64 
1775 .037 .113 .000047 3.25 3.65 
1775 .039 .119 .000049 3.30 3.63 
1775 .045 .118 .000053 3.56 3.63 
1775 .040 .111 .000049 3.54 3.63 
1775 .036 .099 .000050 3.55 3.65 
1775 .046 .134 .000050 3.54 3.63 
1775 .039 .121 .000050 3.55 3.62 
1775 .027 .077 .000051 3.56 3.63 

TEST RUH HO. 020-K06-018-3.1 28 JUL 82 

Figure 137. Research data; pump 2, Test K-06, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READIDISC-ISUBME-~STATIC~VELOCI TOTALITORQUEtVOL-~CUR-~MOTOR1SHAFTeWATERaMOTOR1PUMPaSHAFT1VELOCITV c HOISE 1PRESSURE 
H0.1HARGEaRGEHCE1 HEAD 1 HEAD1 HEAD 1 1TAGEaREHTcPOWER1POWER1POWERaEFF. aEFF.aSPEE01RMS a MAXa RMS 1MIH 1 MAX 

7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1 GPM 1 FEET 1 FEET a FEETa FEET 1 FT•LB1VOLT1AMPS1 HP 1 HP 1 HP 1 X 1 X 1 RPM alPS a IPSa PSI cFEET1FEET 

2000 3.10 
1998 3.10 
2000 3.10 
1999 3.10 
1997 3.10 
1889 3.10 
1887 3.10 
1887 3.10 
1885 3.10 
1888 3.10 
1807 3.10 
1807 3.10 
1808 3.10 
1808 3.10 
1806 3.10 

15.54 
15.57 
15.58 
15.58 
15.60 
16.89 
16.95 
16.94 
16.94 
16.97 
17.70 
17.71 
17.75 
17.72 
17.75 

1707 3.10 18.61 
1710 3.10 18.60 
1710 3.10 18.58 
1710 3.10 18.63 
1709 3.10 18.60 
1606 3.10 19.40 
1604 3.10 19.40 
1600 3.10 19.37 
1600 3.10 19.42 
1598 3.10 19.39 
1494 3.10 20.11 
1490 3.10 20.07 
1489 3.10 20.07 
1490 3.10 20.09 
1491 3.10 20.10 

1.04 21.682 42.34 
1.04 21.707 42.38 
1.04 21.724 42.42 
1.04 21.720 42.36 
1.03 21.734 42.37 

.93 22.923 42.40 

.92 22.978 42.45 

.92 22.971 42.42 

.92 22.963 42.36 

.92 22.996 42.43 

.85 23.652 42.31 

.85 23.658 42.32 

.85 23.699 42.40 

.85 23.669 42.35 

.85 23.699 42.38 

471 16.7 18.29 14.31 10.96 78.25 76.6 
471 16.7 18.28 14.32 10.97 78.35 76.6 
471 16.7 18.30 14.34 10.98 78.35 76.6 
470 16.7 18.28 14.32 10.98 78.34 76.7 
470 16.7 18.27 14.32 10.97 78.36 76.6 
470 16.7 18.24 14.33 10.95 78.56 76.4 
470 16.7 18.24 14.35 10.96 78.66 76.4 
470 16.7 18.2~ 14.34 10.96 78.60 76.4 
470 16.7 18.23 14.32 10.94 78.55 76.4 
470 16.7 18.21 14.34 10.98 78.77 76.5 
471 16.7 18.20 14.30 10.80 78.58 75.5 
471 16.6 18.19 14.30 10.81 78.62 75.6 
471 16.7 18.22 14.33 10.83 78.67 75.6 
471 16.7 18.20 14.31 10.82 78.64 75.6 
471 16.7 18.29 14.32 10.82 78.33 75.6 

.76 24.472 42.10 470 16.7 18.24 14.23 10.56 77.98 74.2 

.76 24.462 42.11 471 16.7 18.27 14.23 10.58 77.91 74.3 

.76 24.442 42.06 471 16.7 18.25 14.22 10.57 77.90 74.3 

.76 24.493 42.17 471 16.7 18.27 14.25 10.59 78.02 74.3 

.76 24.461 42.15 470 16.7 18.26 14.24 10.57 78.03 74.2 

.67 25.171 41.61 473 16.6 18.26 14.06 10.22 77.01 72.7 

.67 25.171 41.57 473 16.6 18.24 14.05 10.21 77.01 72.7 

.66 25.133 41.51 473 16.6 18.22 14.03 10.16 76. 99 72.5 

.66 25.188 41.60 473 16.6 18.24 14.06 10.19 77.07 72.5 

.66 25.158 41.59 473 16.6 18.23 14.06 10.17 77.11 72 . 3 

.58 25.793 40.68 473 16.5 18.15 13.75 9.74 75.76 70.8 

.58 25.748 40.57 474 16.5 18.13 13.71 9.70 75.63 70.8 

.58 25.746 40.60 473 16.5 18.11 13.72 9.69 75.75 70.6 

.sa 25.769 40.62 474 16.5 18.14 13.73 9.71 75.67 10.1 

.58 25.783 40.63 473 16.5 18.15 13.73 9.72 75.67 70.8 

1775 .034 .0~1 .000045 3.47 3.62 
1775 .027 .094 .000047 3.51 3.64 
1775 .029 .088 .000050 3.56 3.65 
1775 .026 .063 .000042 3.51 3.65 
1775 .033 .092 .000046 3.55 3.67 
1775 .030 .086 .000045 3.51 3.62 
1775 .028 .090 .000043 3.54 3.65 
1775 .034 .084 .000042 3.55 3.65 
1775 .029 .064 .000047 3.58 3.65 
1775 .034 .095 .000045 3.58 3.65 
1775 .034 .091 .000051 3.47 3.63 
1775 .031 .096 .000051 3.55 3.64 
1775 .030 .089 .000048 3.56 3.63 
1775 .032 .092 .000048 3.55 3.63 
1775 .033 .095 .000048 3.52 3 . 63 
1775 .032 .108 .000053 3.51 3.62 
1775 .037 .106 .000054 3.51 3.62 
1775 .036 .107 .000052 3.27 3.62 
1775 .036 .107 .000054 3.53 3.63 
1775 .031 .082 .000055 3.45 3.62 
1775 .036 .120 .000061 3.41 3.64 
1775 .036 .112 .000057 3.54 3.63 
1775 .037 .095 .000058 3.53 3.63 
1775 .048 .119 .000059 3.53 3.62 
1775 .037 .106 .000059 3.50 3.61 
1775 .044 .142 .000068 3.49 3.63 
1775 .043 .131 .000069 3.47 3.62 
1775 .043 .133 .000069 3.43 3.62 
1775 .044 .149 .000068 3.48 3.60 
1775 .044 .144 .000067 3.40 3.60 

TEST RUH HO. 020-K06-018-3.1 28 JUL 82 

Figure 137. (Sheet 2 of 3) 



READcDISC-cSUBME-cSTATICcVELOCc TOTAlaTORQUEaVOL-1CUR-.MOTORISHAFT1WATER1MOTORaPUMP1SHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD 1 HEADa HEAD 1 aTAGEaREHTaPOWERaPOWERaPOWERaEFF. aEFF.aSPEEOaRMS 1 MAXa RMS aMIH 1 MAX 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

a GPM • FEET • FEET 1 FEETa FEET 1 FT•LB1VOLTaAMPS1 HP 1 HP 1 HP 1 I 1 I 1 RPM alPS 1 IPSa PSI aFEETaFEET 

1440 3.10 20.19 
1439 3.10 20.14 
1442 3.10 20.18 
1440 3 . 10 20.15 
1439 3.10 20.16 
1357 3.10 20.34 
1356 3.10 20.30 
1359 3 . 10 20.30 
1355 3.10 20.30 
1358 3.10 20.25 
1229 3.10 20.27 
1228 3.10 20 . 27 
1225 3.10 20.28 
1224 3.10 20 . 25 
1227 3.10 20.26 
1069 3.10 21.28 
1070 3.10 21.24 
1063 3.10 21.26 
1065 3.10 21.31 
1066 3.10 21.28 
919 3.10 22.92 
923 3.10 22 . 89 
921 3.10 22.89 
919 3.10 22 . 95 
921 3.10 22.91 

.54 25.834 39.98 

.54 25.780 39.97 

.54 25.823 40.04 

.54 25.788 39.97 

. 54 25.805 39.96 

.48 25.919 39.34 

.48 25.884 39.28 

.48 25.887 39.28 

.48 25.885 39.24 

.48 25 . 835 39.19 

.39 25.769 38.05 

.39 25.760 38.03 

475 16.4 18.08 13.51 9.41 74.74 69.6 
475 16.4 18.09 13.51 9.38 74.68 69.4 
475 16.4 18.08 13.53 9.41 74.87 69.5 
475 16.4 18.07 13.51 9.39 74.76 69.5 
475 16.4 18.06 13.50 9.39 74.76 69.5 
476 16.3 18.01 13.30 8.89 73.84 66.9 
476 16.3 18.01 13.27 8.87 73.71 66.9 
476 16.3 18.02 13.28 8.89 73.67 67.0 
476 16.3 18.00 13.26 8.87 73.67 66.8 
475 16.3 17.97 13.24 8.87 73.69 67.0 
476 16.1 17.84 12.86 8.00 72.09 62.2 
476 16.1 17.83 12.85 8.00 72.08 62.2 

.39 25.770 38.06 476 16.1 17.84 12.86 7.98 72.08 62.1 

.39 25.742 37.97 477 16.1 17.86 12.83 7.97 71.85 62.1 

.39 25.755 38.01 476 16.1 17.84 12.85 7.99 72.03 62.2 

.30 26.685 38.22 476 16.2 17.86 12.92 7.21 72.32 55.8 

.30 26.638 38.19 476 16.2 17.85 12.91 7.20 72.30 55.8 

.29 26.659 38.26 476 16.2 17.84 12.93 7.16 72.46 55.4 

.29 26.713 38.32 476 16.2 17.88 12.95 7.19 72.42 55.6 

.30 26.680 38.29 476 16.2 17.88 12.94 7.19 72.38 55.6 

.22 28.241 39.26 478 16.3 18.07 13.27 6.56 73.41 49.4 

.22 28.215 39.13 478 16.3 18.05 13.23 6.58 73.26 49.8 

.22 28.216 39.17 478 16.3 18.08 13.24 6.57 73.23 49.6 

1775 .049 .118 .000077 3.49 3.63 
1775 .049 .139 .000074 3.49 3.63 
1775 .055 .187 .000076 3.45 3.63 
1775 .053 .175 .000078 3.36 3.65 
1775 .052 .156 .000076 3.46 3.65 
1775 .067 .179 .000093 3.45 3.67 
1775 .076 .226 .000090 3.42 3.65 
1775 .073 .215 .000100 3.43 3.67 
1775 .069 .24~ .000093 3.43 3.66 
1775 .065 .196 .000092 3.42 3.68 
1775 .086 .272 .000117 3.37 3.75 
1775 .092 .240 .000109 3.32 3.75 
1775 .096 .283 .000117 3.40 3 . 77 
1775 .091 .288 .000116 3.32 3.74 
1775 .090 .256 .000118 3.35 3.70 
1775 .106 .270 .000134 3.24 3.95 
1775 .098 .283 .000121 3.17 3.97 
1775 .110 .308 .000133 3.22 3.94 
1775 .110 .365 .000132 3.14 3.86 
1775 .110 .326 .000136 3.22 3.84 
1775 .122 .455 .000144 2.69 4.27 
1775 .123 . 275 .000151 2.74 4.29 
1775 .128 .308 .000139 2.71 4.23 

.22 28.271 39.29 478 16.3 18.09 13.28 6.57 73.42 49.5 1775 .121 .454 .000144 2.78 4.11 

.22 28.230 39.23 478 16.3 18.08 13.26 6.57 73.31 49.6 1775 .116 .362 .000140 2.76 4.15 

TEST RUH HO. 020-KOS-018-3.1 28 JUL 82 
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Figure 138. Base sump flow pattern for pump 2, SVS type 56, pump bell 

submergence 3.1 ft (2.4D), discharge 1,900 gpm, Q/g1/ 2n5/ 2 = 0.40 , 
base sump type 18 
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Pumps Run Sump Submergence 
020 J99 018 2.5 

Date 19 Jul 82, Time 0830, Air Temp 80° F, Water Temp 78° F, Barometric 
Pressure 29.90 in. Hg. 

01 ISV, CW, 1/4 in. diam, Stage A at 4 to 6 o'clock. IBWV, CW, 1/16 in. 
diamat 7 o'clock. IFV, CW, 1/16 in. diamat 5 to 6 o'clock, 3 in. 
from pump CP (Center Point). 

02 NCS (No Significant Change). 

03 NSCE (NSC Except) all vortices becoming smaller and occurring less 
often. 

04 

05-08 

09 

10 

FV gone. ISV now only circular motion. CW at 5 o'clock and CCW at 
7 o'clock. IBWV at 7 o'clock CW now 1/32 in. diam. 

NSCE IBWV occurring less often and becoming smaller (reading 08 size 
approximately 1/64 in. diam). 

NSC. 

Circular surface motion at 4 o'clock and CCW at 7 o'clock. IFV, 
CW 1/64 in. diamat 6 o'clock, CW. IBWV, CW, 1/64 in. diamat 
7 o'clock. 

Date 19 Jul 82, Time 1000, Air Temp 84° F, Water Temp 78° F, Barometric 
Pressure 29.89 in. Hg. 

11 FV and IBWV gone. Surface circular motion CW at 5 o'clock and CCW at 
7 o'clock. 

12 NSC. No visibility data available for cavitation. Space under pump 2 
limited. 

13-16 

17 

NSC. 

NSCE spray expulsion of tiny air bubbles from pump bell intakes 
reaching about 3 in. below pump bell. Surface circulation is still 
the same except slower. 

Figure 139. Visual observation notes, run J-99 
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<tO 
r 100 TEST RUH HO. 003-1<04-018-3.1 27 JUL 82 u BASE CURVES ~FFICIEHCY ---------z T~TAL HEAD ------------ HAFT POWIR -·-·-· 
w V LOCITY --·--·--- PUMP HOIS -----

~"' r,., 
u I- 80 

30 ~z 
0 LL~ < lLO:: 
w"' ww 
It- ~ 60 UJ 
_J UJ 20 (L 

<~ ::E 
:J 

~ (L 
0 <tO ~~ 
I-

10 
17 

0: 
W"' 
~ffi 

0 0~ 
S,a o_O 

a.. 
N UJ 14 
N .5 ~ll) 

"' "' lLO:: 0 z 
·" 

<0 
ro I~ 
~u (]) v UJ 
~ ll) . 3 u, 11 
Oll) 
_J ~ .2 (;' 5 Wu w::x: • 

> ~ .1 (])~ 
. 

---. ... . 
4 

-~--__. _______ --- • 
~-

. 
~ 

O' 3 
. 0 z~ z 2 o..5 

PN ::En.. 1 
I I 

:J· 1 

__, __ --t--_,. 

a..Cs. 0 -- 600 1000 1400 1800 2200 2600 3000 

DISCHARGE RATE <GALLONS/MINUTE) 

Figure 141. Performance characteristic curves; pump 3, .Test K-04, sump 18, submergence 3.1 ft 



N 
N 
00 

40 

30 
D 
< 
w""' 
I~ 

lJJ 

_.J ~ 20 
<
t-
0 
t-

""' 0 

10 

0 

.5 

z 
)-0 .4 
t-U 

lJJ 
....... (J) .3 u, 
0(}) 
_.J ~ .2 
Wu 
> ~ .1 -

.0 

>u 
z 
w 

100 

....... ""' 
u~ 8o ..,....z 
LL~ 
u_o:: ww 
~ 60 

D... 
~ 
::J 
D... 40 

17 

11 

TEST RUH HO. 003-KOS-018-3.1 27 JUL 82 

S,o 

v 

• 

PN 

1000 1400 

- --

1800 

BASE CURVES ---
TOTAL HEAD -----------
VELOCITY -··--·--· 

----.. .. ·-r--· -- . 

2200 

DISCHARGE RATE <GALLONS/MINUTE) 

EFT I C 1 EHCY -----
SHAfT POWER --------· 
PUMP HOJSE ---

• 

2600 

Figure 142. Performance characteristic curves; pump 3, Test K-05, sump 18, submergence 3.1 ft 
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N 
N 
1.0 

• 

TEST RUH HO. 003-K03-018-3.1 26 JUL 82 ALL MEASUREMENTS BETWEEH DISCHARGE OF 1500 1 2500 GPM 

PUMP 1 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MA)(IMUM VALUE 

I I 
I eGPM MIHIMUM VALUE I eGPM : : 

VELOCITY ! : 
! 

TOTAL HEAD ' : 
I 

PUMP HOISE 
I 
I • 

SHAFT POWER I 
I 
I 

PUMP EFFICIEHCY I 
I 

• 

PUMP 2 
AREA ABOVE BASE CURVE 

I I 

PARAMETER AREA BELOW BASE CURVE MA)(JMUM VALUE I eGPM MIHJMUM VALUE I eGPM : I 
I 

VELOCITY ! : 
! 

TOTAL HEAD : 
! 
I 

PUMP HOISE I 
I 

SHAFT POWER 
I 
I 
I 

PUMP EFFIClEHCY 
I 
I 
I 

PUMP 3 
I I 

eGPM PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MA)(JMUM VALUE I eGPM MIHJMUM VALUE I 

: I 
I 

VELOCITY . 5264 IPS•GPIII 2.4366 JPS•GPM .120320 IPS l15oo I GPM .091320 IPS :1730 
! GPM 

TOTAL HEAD 89 . 25 FT•GPM . 00 FT~PM 27.53380 FT :1500 
I GPM 15.52510 FT ·:2500 

I GPIII 

PUMP HOlSE .00000 PSI•GPM .01044 PSI•GPM .0000573 PSI !15oo GPM .0000447 PSI !2010 GPM 

SHAFT POWER 12.086 HP•GPM 3.704 HP~PM 15.03240 HP ! 1910 GPM 14.10130 HP !2500 GPM 

PUMP EFFICIEHCY 180.89 I • GPM .00 I • GPM 77.99100 I :1990 
I 

GPM 69.31870 I !2500 GPM 

Figure 143. Statistical comparison, pump 3, Test . K-03, sump 18, submergence 3.1 ft 



N 
c.,...) 

0 

TEST RUH HO. 003-K04-018-3.1 27 JUL 82 ALL MEASUREMENTS BETWEEN DISCHARGE OF 1500 & 2500 GPM 

, 

PUMP 1 • 

I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ~PM MINIMUM VALUE I ~PM : : 
VELOCITY ! : 

I 
i 

I 

TOTAL HEAD I 
I 

I 

PUMP HOISE I 
I 

SHAFT POWER 
I 
I 
I 

PUMP EFFICIEHCV I 
I 
I 

PUMP 2 
I I 

PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ~PM MINIMUM VALUE I ~PM : I 
I 

VELOCITY : i 
! ! 
I : TOTAL HEAD I 
I ! 
I I 

PUMP NOISE I I 
I I 

SHAFT POWER I I 
I I 
I I 

PUMP EFFICIENCY I I 
I I 
I I 

PUMP 3 
I I 

~PM PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE MAXIMUM VALUE I ~PM MINIMUM VALUE I 
I I 
I I 

VELOCITY 6.3474 IPS•GPM .4554 IPS•GPM .124847 IPS :1580 : GPM .091297 IPS i2500 : GPM 

TOTAL HEAD .00 FT•GPM 158.89 FT•GPM 27.29270 FT :1500 
I GPM 15.25860 FT :2500 

! 
GPM 

PUMP HOISE .00722 PSI•GPM .00000 PSI•GPM .0000724 PSI !15oo GPM .0000625 PSI 
I 

:1770 GPM 

SHAFT POWER .123 HP•GPM 21.512 HP•GPM 14.97180 HP !t920 GPM 14.09650 HP !2500 GPM 

PUMP EFFICIENCY .00 X • GPM 493.45 X • GPM 77.16780 % !2050 GPM 68.28180 % !2500 GPM 

Figure 144. Statistical comparison, pump 3, Test K-04, sump 18, submergence 3.1 ft 



TEST RUH HO. 003-K05-018-3.1 27 JUL 82 

PUMP 1 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE 

VELOCITY 

TOTAL HEAD 

PUMP HOISE 

SHAFT POWER 

PUMP EFFICIENCY 

PUMP 2 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE 

VELOCITY 

TOTAL HEAD 

PUMP HOISE 

SHAFT POWER 

PUMP EFFICIEHCY 

PUMP 3 
PARAMETER AREA ABOVE BASE CURVE AREA BELOW BASE CURVE 

VELOCITY .0000 IPS•GPM 5.8852 IPS•GPM 

TOTAL HEAD .04 FT•GPM 73.18 FT•GPM 

PUMP HOISE .00503 PSI•GPM .00000 PSI•GPM 

SHAFT POWER .000 HP•GPI't 23.690 HP•GPM 

PUMP EFFICIEHCY 18.45 1 • GPM 180.05 1 • GPM 

ALL MEASUREMENTS BETWEEH DISCHARGE OF 1500 a 2500 GPM 

MAXIMUM VALUE 

MAXIMUM VALUE 

MAXIMUM VALUE 

.123290 IPS 

27.32130 FT 

.0000749 PSI 

14.97220 HP 

77.59650 1 

I 
I eGPM : 
! 

I 
I ~PM : 
: 
I 

: 
I 

I 
I eGPM : 
:1500 ! GPM 

:1500 
! GPM 
I 

:15oo GPM 
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Figure 145. Statistical comparison, pump 3, Test -K-05, sump 18, submergence 3.1 ft 
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READaDISC-aSU8ME-aSTATICaVELOCa TOTAlaTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEADa HEAD a cTAGEaREHTaPOWERaPOWERaPOWERaEFF. aEFF.aSPEEDaRMS a MAMa RMS 1MIH a MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

a GPM a FEET 1 FEET 1 fEETa fEET 1 FT•L8aVOLT1AMPSa HP a HP 1 HP a 1 1 1 1 RPM alPS a IPSa PSI 1fEETaFEET 

2857 3.10 1.25 
2854 3.10 1.23 
2853 3.10 1.20 
2851 3.10 1.24 
2855 3.10 1.23 
2602 3.10 6.74 
2603 3.10 6.76 
2604 3.10 6.78 
2609 3.10 6.73 
2606 3.10 6.79 
2403 3.10 10.55 
2404 3.10 10.54 
2406 3.10 10.51 
2406 3.10 10.54 
2407 3.10 10.55 
2253 3.10 13.15 
2253 3.10 13.14 
2256 3.10 13.11 
2255 3.10 13.18 
2256 3.10 13.13 
2096 3.10 15.62 
2101 3.10 15.59 
2101 3.10 15.60 
2100 3.10 15.59 
2098 3.10 15.60 
2004 3.10 16.98 
2000 3.10 16.97 
2006 3.10 16.97 
2004 3.10 16.96 
2008 3.10 16.96 

2.12 8.475 37.32 480 18.2 20.31 12.61 6.12 62.09 48.5 
2.11 8.449 37.19 480 18.2 20.29 12.57 6.10 61.96 48.5 
2.11 8.416 37.26 480 18.2 20.29 12.59 6.07 62.06 48.2 
2.11 8.449 37.37 480 18.2 20.32 12.63 6.09 62.14 48.2 
2.11 8.453 37.27 480 18.2 20.29 12.60 6.10 62.08 48.4 
1.76 13.598 40.62 480 18.7 20.84 13.73 8.95 65.87 65.2 
1.76 13.624 40.65 480 18:7 20.84 13.74 8.96 65.92 65.2 
1. 76 13.638 40.67 480 18.7 20.84 13.75 8.98 65.95 65.3 
1.77 13.598 40.67 480 18.7 20.82 13.75 8.97 66.00 65.2 
1.76 13.654 40.69 480 18.7 20.82 13.75 8.99 66.05 65.4 
1.50 17.147 42.62 481 19.0 21.21 14.40 10.41 67.91 72.3 
1.50 17.146 42.62 482 19.0 21.22 14.41 10.42 67.88 72.3 
1.50 17.118 42.59 481 19.0 21.22 14.39 10.41 67.83 72.3 
1.50 17.147 42.57 481 19.0 21.20 14.39 10.43 67.87 72.5 
1.50 17.159 42.56 481 19.0 21.22 14.38 10.44 67.78 72.6 
1.32 19.575 43.60 482 19.1 21.39 14.74 11.15 68.88 75.7 
1.32 19.564 43.57 482 19.1 21.41 14.72 11.14 68.78 75.7 
1.32 19.533 43.60 482 19.1 21.40 14.74 11.14 68.87 75.6 
1.32 19.605 43.61 483 19.1 21.44 14.74 11.17 68.74 75.8 
1.32 19.550 43.56 482 19.1 21.39 14.72 11.15 68.84 75.7 
1.14 21.860 44.23 481 19.2 21.47 14.95 11.58 69.64 77.5 
1.14 21.835 44.23 482 19.2 21.50 14.95 11.60 69.53 77.6 
1.15 21.846 44.26 481 19.2 21.47 14.96 11.61 69.67 77.6 
1.14 21.834 44.26 481 19.2 21.50 14.96 11.59 69.58 77.5 
1.14 21.845 44.26 481 19.2 21.47 14.96 11.59 69.69 77.5 
1.04 23.128 44.45 483 19.2 21.54 15.02 11.72 69.73 78.0 
1.04 23.112 44.45 483 19.2 21.55 15.02 11.69 69.71 77.8 
1.04 23.119 44.39 483 19.2 21.55 15.00 11.72 69.61 78.1 
1.04 23.101 44.38 483 19.2 21.52 15.00 11.70 69.70 78.0 
1.05 23.111 44.40 483 19.2 21.55 15.01 11.73 69.63 78.2 

1775 .031 .083 .000054 3.50 3.66 
1775 .027 .087 .000054 3.25 3.68 
1775 .028 .077 .000055 3.53 3.66 
1775 .031 .087 .000050 3.57 3.67 
1775 .027 .068 .000050 3.11 3.68 
1775 .036 .090 .000056 3.47 3.68 
1775 .030 .093 .000054 3.38 3.68 
1775 .029 .085 .000049 3.55 3.68 
1775 .032 .082 .000052 3.54 3.68 
1775 .036 .104 .000056 3.59 3.68 
1775 .034 .097 .000053 3.60 3.69 
1775 .035 .110 .000055 3.59 3.68 
1775 .030 .082 .000050 3.59 3.69 
1775 .035 .130 .000050 3.58 3.67 
1775 .031 .088 .000051 3.20 3.68 
1775 .042 .122 .000045 3.59 3.70 
1775 .030 .082 .000050 3.60 3.69 
1775 .036 .133 .000051 3.61 3.69 
1775 .039 .100 .000045 3.61 3.68 
1775 .035 .091 .000053 3.58 3.67 
1775 .036 .098 .000050 3.53 3.68 
1775 .031 .090 .000044 3.45 3.68 
1775 .032 .100 .000046 3.60 3.68 
1775 .034 .094 .000045 3.59 3.68 
1775 .043 .105 .000047 3.61 3.69 
1775 .032 .102 .000041 3.61 3.69 
1775 .035 .092 .000045 3.56 3.68 
1775 .031 .098 .000045 3.58 3.69 
1775 .029 .100 .000044 3.58 3.68 
1775 .029 .085 .000044 3.39 3.68 

TEST RUH HO. 003-K03-018-3.1 26 JUL 82 

Figure 147. Research data; pump 3, Test K-03, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READtDISC - .SUBME-.STATICtVELOCa TOTAltTORQUEtVOL-.CUR-.MOTORtSHAFTtWATERtMOTORtPUMPtSHAFTtVELOCITY • HOISE 1PRESSURE 
HO.tHARGE1RGEHCE1 HEAD 1 HEAOt HEAD 1 tTAGEaREHTaPOWERtPOWERtPOWERtEFF. tEFF.tSPEEDtRMS 1 MAXt RMS tMIH 1 MAX 

7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1 GPM 1 FEET 1 FEET 1 FEETa FEET 1 FT•LBtVOLTcAMPSa HP 1 HP 1 HP t I 1 I t RPM tiPS 1 IPSt PSI aFEETtFEET 

1894 3.10 18.35 
1893 3.10 18.33 
1893 3.10 18.35 
1895 3.10 18.37 
1893 3.10 18.35 
1797 3.10 19.52 
1798 3.10 19.55 
1796 3.10 19.55 
1796 3.10 19.56 
179~ 3.10 19.56 
1705 3.10 20.40 
1705 3.10 20.43 
1710 3.10 20.42 
1705 3.10 20.44 
1705 3.10 20.45 
16~7 3.10 20.92 
16~9 3.10 20.93 
1649 3.10 20.94 
1649 3.10 20.90 
1649 3.10 20.96 
1609 3.10 21.20 
1605 3.10 21.22 
1610 3.10 21.23 
1607 3.10 21.20 
1607 3.10 21.20 
1499 3.10 21.82 
1502 3.10 21.83 
1504 3.10 21.86 
1502 3.10 21.83 
1504 3.10 21.82 

.93 24.385 

.93 24.361 

.93 24.380 

.93 24.408 

.93 24.384 

.84 25.464 

.84 25.490 

.84 25.491 

.84 25.500 

.84 25.495 

.75 26.26~ 

44.48 483 19.2 21.55 15.03 11.68 69.76 77.7 
44.45 483 19.2 21.57 15.02 11.66 69.6~ 77.6 
44.49 483 19.2 21.59 15.04 11.67 69.6~ 77.6 
4~.52 483 19.2 21.54 15.05 11.70 69.85 77.7 
44.48 ~83 19.2 21.57 15.03 11.67 69.70 77.6 
44.29 483 19.2 21.56 14.97 11.57 69.44 77.3 
44.33 483 19.2 21.57 14.98 11.59 69.46 77.4 
44.31 484 19.2 21.58 14.98 11.57 69.40 77.3 
44.34 484 19.2 21.57 1~.98 11.58 69.48 77.3 
44.34 483 19.2 21.55 14.98 11.57 69.53 77.2 
44.18 485 19.2 21.61 14.93 11.32 69.10 75.8 

.75 26.284 44.16 485 19.2 21.63 14.93 11.33 69.01 75.9 

.76 26.282 44.15 485 19.2 21.59 14.92 11.36 69.12 76.2 

.75 26.303 44.17 485 19.2 21.59 14.93 11.34 69.14 76.0 

.75 26.305 44.14 485 19.2 21.59 14.92 11.34 69.10 76.0 

.70 26.723 44.00 485 19.2 21.58 14.87 11.13 68.91 74.8 

.71 26.743 44.00 485 19.2 21.57 14.87 11.15 68.93 75.0 

.71 26.745 44.05 485 19.2 21.56 14.89 11.15 69.04 74.9 

.71 26.707 43.98 485 19.1 21.57 14.86 11.13 68.92 74.9 

.71 26.766 44.07 485 19.2 21.59 14.89 11.16 68.97 74.9 

.67 26.977 43.82 485 19.1 21.54 14 . 81 10.98 68.75 74.1 

.67 26.989 43.85 

.67 27.010 43.86 

.67 26.970 43.84 

486 19.1 21.55 14.82 10.95 68.75 73.9 
485 19.1 21.56 14.82 10.99 68.76 74.2 
486 19.1 21.55 14.82 10.96 68.75 74.0 

.67 26.971 43.84 486 19 .1 21.59 14.82 10.96 68.63 74.0 

.58 27 . 511 43.28 486 19.0 21.46 14.63 10.~2 68.16 71.2 

.59 27.520 43.23 486 19.0 21.47 14.61 10.45 68.04 71.5 

.59 27.548 43.30 486 19.0 21.47 14.63 10.~7 68.17 71.6 

.59 27.524 43.28 486 19.0 21.48 14.63 10.45 68.12 71.5 

.59 27.510 43.24 486 19.0 21.45 1~.61 10.46 68.12 71.6 

1775 .033 .091 .000058 3.56 3.70 
1775 .027 .091 .0000~4 3.~9 3.69 
1775 .021 .085 .oooo~7 3.58 3.69 
1775 .027 .091 .0000~8 3.60 3.69 
1775 .033 .090 .0000~7 3.60 3.69 
1775 .027 .096 .000052 3.63 3.71 
1775 .039 .119 .0000~9 3.59 3.72 
1775 .029 .093 .000050 3.65 3.72 
1775 .031 .091 .000052 3.6~ 3.71 
1775 .026 .079 .000052 3.59 3.71 
1775 .032 .085 .0000~5 3.57 3.71 
1775 .030 .088 .0000~7 3.58 3.69 
1775 .028 .082 .0000~6 3.57 3.69 
1775 .032 .087 .000050 3.61 3.68 
1775 .031 .100 .000048 3.61 3.68 
1775 .033 .087 .000057 3.60 3.70 
1775 .035 .130 .000048 3.60 3.70 
1775 .036 .091 .000050 3.60 3.70 
1775 . 03~ .103 .000054 3.61 3.70 
1775 .035 .106 .0000~9 3.61 3.70 
1775 .038 .113 .000055 3.62 3.70 
1775 .038 .122 .00005~ 3.61 3.70 
1775 .0~1 .116 .0000~5 3.61 3.68 
1775 .036 .112 .0000~9 3.60 3.69 
1775 .031 .106 .000050 3.60 3.69 
1775 .037 .107 .000058 3.57 3.68 
1775 .036 .096 .000054 3.58 3.69 
1775 .036 .109 .000057 3.58 3.70 
1775 .039 .123 .000057 3.59 3.70 
1775 .040 .132 .000058 3.58 3.69 

TEST RUH HO. 003-K03-018-3.1 26 JUL 82 

Figure 147. (Sheet 2 of 3) 



READIDISC-ISUBME-~STATJC.VELOCa TOTAlaTORQUEaVOL-rCUR-aMOTORaSHAFT1WATERaMOTOR1PUMP1SHAFT1VELOCITY 1 HOISE 1PRESSURE 
H0.1HARGE1RGEHCEa HEAD 1 HEAD1 HEAD 1 1TAGEaREHT1POWER1POWER1POWER1EFF. 1EFF.aSPEED1RMS 1 MAX1 RMS 1MIH 1 MAX 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

a GPM 1 FEET 1 FEET 1 FEETa FEET 1 FT•LB1VOLT1AMPS1 HP 1 HP 1 HP 1 l 1 l 1 RPM alPS 1 IPSa PSI 1FEETrFEET 

1354 3.10 22.55 
1357 3.10 22.59 
1357 3.10 22.60 
1350 3.10 22.62 
1356 3.10 22.61 
1146 3.10 22.82 
1147 3.10 22.82 
1146 3.10 22.80 
1147 3.10 22.80 
1144 3.10 22.78 

921 3.10 24.47 
919 3.10 24.48 
920 3.10 24.51 
923 3.10 24.52 
923 3.10 24.49 
837 3.10 25.63 
833 3.10 25.70 
834 3.10 25.67 
832 3.10 25.70 
834 3.10 25.73 
740 3.10 27.11 
738 3.10 27.10 
738 3.10 27.16 
734 3.10 27.10 
736 3.10 27.08 

.48 28.128 42.58 

.48 28.169 42.66 

.48 28.183 42.71 

.47 28.197 42.76 

.48 28.187 42.67 

.34 28.261 40.53 

.34 28.271 40.60 

.34 28.241 40.51 

.34 28.246 40.56 

.34 28.227 40.44 

.22 29.798 41.31 

.22 29.800 41.28 

.22 29.835 41.36 

485 18.9 21.33 14.39 9.63 67.45 66.9 
485 18.9 21.35 14.42 9.66 67.53 67.0 
487 19.0 21.41 14.43 9.67 67.41 67.0 
486 19.0 21.40 14.45 9.62 67.52 66.6 
486 19.0 21.38 14.42 9.67 67.45 67.0 
485 18.6 21.01 13.70 8.18 65.20 59.7 
485 18.6 20.99 13.72 8.20 65.38 59.8 
485 18.6 20.99 13.69 8.18 65.23 59.7 
485 18.6 20.97 13.71 8.19 65.37 59.7 
485 18.6 20.97 13.67 8.17 65.19 59.7 
486 18.7 21.13 13.96 6.94 66.07 49.7 
486 18.7 21.13 13.95 6.93 66.02 49.6 
486 18.8 21.18 13.98 6.94 65.98 49.6 

.22 29.841 41.35 486 18.7 21.16 13.97 6.96 66.04 49.8 

.22 29.819 41.32 487 18.7 21.18 13.96 6.96 65.93 49.8 

.18 30.911 42.15 486 18.9 21.29 14.25 6.54 66.91 45.9 

.18 30.984 42.24 486 18.9 21.28 14.27 6.52 67.08 45.7 

.18 30.957 42.24 486 18.9 21.29 14.27 6.53 67.04 45.7 

.18 30.982 42.15 486 18.9 21.27 14.24 6.52 66.98 45.8 

.18 31.014 42.26 486 18.9 21.31 14.28 6.54 67.00 45.8 

.14 32.355 43.44 486 19.0 21.51 14.68 6.05 68.26 41.2 

.14 32.346 43.40 487 19.1 21.52 14.67 6.04 68.14 41.1 

.14 32.405 43.57 487 19.1 21.55 14.73 6.05 68.32 41.1 

.14 32.346 43.47 486 19.1 21.53 14.69 6.00 68.23 40.8 

.14 32.326 43.46 486 19.1 21.53 14.69 6.02 68.21 41.0 

1775 .049 .127 .000071 3.59 3.73 
1775 .052 .175 .000068 3.53 3.71 
1775 .051 .192 .000067 3.58 3.71 
1775 .055 .147 .000066 3.54 3.69 
1775 .054 .171 .000070 3.57 3.72 
1775 .087 .259 .000106 3.49 3.75 
1775 .089 .230 .000106 3.53 3.77 
1775 .088 .305 .000102 3.50 3.78 
1775 .081 .277 .000104 3.47 3.76 
1775 .085 .226 .000112 3.54 3.78 
1775 .099 .356 .000121 3.26 3.97 
1775 .110 .380 .000119 3.25 3.88 
1775 .101 .284 .000107 3.19 4.24 
1775 .108 .330 .000125 3.18 4.04 
1775 .104 .306 .000124 3.08 4.14 
1775 .090 .371 .000120 1.84 3.63 
1775 .084 .265 .000110 1.90 3.21 
1775 .088 .235 .000110 1.93 3.09 
1775 .097 .282 .000108 1.81 2.68 
1775 .089 .243 .000119 1.83 3.27 
1775 .092 .324 .000110 1.05 3.20 
1775 .094 .281 .000115 .91 1.95 
1775 .089 .234 .000110 .88 3.52 
1775 .092 .301 .000113 .14 2.17 
1775 .097 .308 .000109 .09 2.83 
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Figure 147. (Sheet 3 of 3) 



READaDISC-zSUBME-aSTATICaVELOCI TOTALITORQUEaVOL-1CUR-1MOTOR1SHAFTaWATERaMOTOR1PUMP1SHAFT1VELOCITV 1 HOISE aPRESSURE 
H0.1HARGEaRGEHCE1 HEAD 1 HEAD1 HEAD 1 tTAGEaREHTrPOWERaPOWER1POWERaEFF. aEFF.1SPEED1RMS 1 MAXa RMS aMIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
~ 

4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM 1 FEET 1 FEET a FEET1 FEET 1 FT•LB1VOLTrAMPS1 HP 1 HP 1 HP 1 % 1 X 1 RPM alPS 1 IPSa PSI tFEETaFEET 

2861 3.10 
2865 3.10 
2857 3.10 
285~ 3.10 
2861 3.10 
2649 3.10 
26~3 3.10 
26~~ 3.10 
2651 3.10 
2648 3.10 
2502 3.10 
2502 3.10 
2502 3.10 
2500 3.10 
2497 3.10 
2345 3.10 
2346 3.10 
2347 3.10 
2350 3.10 
2344 3.10 
2206 3.10 
2208 3.10 
2202 3.10 
2202 3.10 

.80 

.81 

.86 

.87 

.77 
5.58 
5.6~ 

5.59 
5.62 
5.64 
8.51 
8.52 
8.50 
8.54 
8.52 

11.38 
11.42 
11.36 
11.35 
11.~2 

13.80 
13.80 
13.82 
13.82 

2198 3.10 13.81 
2095 3.10 15.46 
2096 3.10 15.50 
209~ 3.10 15.~6 

2092 3.10 15.52 
2095 3.10 15.51 

2.12 
2.13 
2.12 
2.11 
2.12 

8.030 37.25 478 18.2 20.19 12.59 5.81 62.36 ~6.1 
8.042 37.31 478 18.2 20.22 12.61 
8.079 37.29 479 18.2 20.28 12.60 
8.087 37.32 479 18.3 20.32 12.61 
7.999 37.16 479 18.2 20.26 12.56 

5.82 62.35 ~6.2 
5.84 62.15 46.3 
5.83 62.07 46.3 
5. 78 61.98 46.1 

1.82 12.507 40.14 481 18.6 20.81 13.56 8.37 65.18 61.7 
1.81 12.556 40.16 481 18.6 20.81 13.57 8.39 65.24 61.8 
1.81 12.50~ ~0.14 480 18.6 20.76 13.57 8.36 65.36 61.6 
1.82 12.5~6 ~0.17 ~80 18.6 20.79 13.58 8.41 65.32 61.9 
1.82 12.565 40.17 ~80 18.6 20.75 13.58 8.41 65.~2 61.9 
1.62 15.242 ~1.77 481 18.8 21.04 14.12 9.64 67.11 68.3 
1.62 15.246 41.69 480 18.8 21.03 14.09 
1.62 15.229 41.67 480 18.8 21.00 14.08 
1.62 15.270 41.73 481 18.9 21.06 1~.10 

9.64 67.01 68.4 
9.63 67.05 68.~ 
9.65 66.96 68.~ 

1.62 15.243 41.7~ 481 18.8 21.03 1~.11 9.62 67.06 68.2 
1.43 17.912 43.04 482 19.0 21.28 14.55 10.62 68.36 73.0 
1.43 17.948 43.05 482 19.0 21.27 14.55 10.65 68.41 73.2 
1.43 17.889 42.99 482 19.0 21.28 14.53 10.62 68.27 73.1 
1. ~3 17.890 
1. 43 17.953 
1.26 20.167 
1. 26 20.165 
1. 26 20.180 
1. 26 20.182 

~3.03 481 19.0 21.27 14.54 10.63 68.39 73.1 
~3.12 481 19.0 21.26 1~.57 10.64 68.56 73.0 
43.89 480 19.1 21.33 1~.83 11.25 69.5~ 75.8 
~3.85 480 19.1 21.30 1~.82 11.26 69.57 75.9 
43.92 480 19.1 21.35 1~.8~ 11.23 69.53 75.7 
43.89 480 19.1 21.32 14.83 11.2~ 69.57 75.7 

1.25 20.172 ~3.83 480 19.1 21.31 14.81 11.21 69.51 75.7 
1.14 21.706 44.14 480 19.2 21.34 1~.92 11.49 69.91 77.0 
1.14 21.740 44.14 480 19.2 21.34 14.92 11.52 69.91 77.2 
1.14 21.706 44.13 480 19.2 21.35 14.91 11.49 69.85 77.1 
1.14 21.757 44.16 480 19.2 21.36 14.93 11.51 69.87 77.1 
1.14 21.750 ~4.20 480 19.2 21.37 14.94 11.52 69.90 77.1 

1775 .029 .091 .000076 3.61 3.7~ 
1775 .029 .075 :oooo79 3.53 3.7~ 
1775 .026 .079 .000075 3.~3 3.7~ 
1775 .032 .087 .000080 3.56 3.7~ 
1775 .030 .097 .000076 3.56 3.7~ 
1775 .0~0 .095 .000067 3.56 3.74 
1775 .036 .107 .000069 3.59 3.7~ 
1775 .030 .087 .000068 3.57 3.7~ 
1775 .033 .088 .000076 3.62 3.7~ 
1775 .035 .089 .000086 3.51 3.75 
1775 .031 .080 .000068 3.63 3.75 
1775 .035 .085 .000071 3.19 3.76 
1775 .040 .111 .000063 3.62 3.75 
1775 .031 .090 .000066 3.54 3.75 
1775 .029 .078 .000068 3.56 3.7~ 
1775 .037 .105 .000068 3.65 3.75 
1775 .038 .125 .000063 3.65 3.74 
1775 .031 .081 .000071 3.66 3.76 
1775 .035 .090 .000065 3.66 3.77 
1775 .03~ .098 .000066 3.67 3.75 
1775 .037 .093 .00006~ 3.58 3.75 
1775 .052 .15~ .000074 3.53 3.75 
1775 .0~5 .116 .000079 3.66 3.75 
1775 .0~3 .122 .000072 3.65 3.77 
1775 .0~2 .109 .000069 3.67 3.75 
1775 .030 .105 .000066 3.66 3.7~ 
1775 .035 .to~ .oooo67 3.66 3.75 
1775 .039 .111 .000062 3.67 3.75 
1775 .034 .106 .000069 3.67 3.76 
1775 .029 .074 .000069 3.67 3.75 

TEST RUH HO. 003-K04-018-3.1 27 JUL 82 

Figure 148. Research data; pump 3, Test K-04, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) 



READaDISC-aSUBME-aSTATICaVELOCa TOTALaTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOCJTV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEAOa HEAD a aTAGEaREHTaPOWERaPOWERaPOWER1EFF. aEFF.1SPEEOaRMS a MAX1 RMS 1MIH a MAX 

1 GPM a FEET 1 FEET 1 FEET1 FEET a FT•LBaVOLTaAMPSa HP a HP a HP 1 X a X a RPM alPS a IPSa PSI aFEETaFEET 

7 2010 3.10 16.60 
7 2011 3.10 16.58 
7 2005 3.10 16.61 
7 2009 3.10 16.57 
7 2002 3.10 16.60 
8 1897 3.10 17.94 
8 1898 3.10 17.92 
8 1898 3.10 17.99 
8 1903 3.10 17.99 
8 1901 3.10 18.01 
9 1789 3.10 19. 28 
9 1793 3.10 19.29 
9 1791 3.10 19.28 
9 1792 3.10 19.28 
9 1788 3.10 19.28 

10 1697 3.10 20.24 
10 1696 3.10 20.22 
10 1698 3.10 20.24 
10 1696 3.10 20.22 
10 1694 3.10 20.23 
11 1594 3.10 21.09 
11 1597 3.10 21.08 
11 1598 3.10 21.05 
11 1595 3.10 21.03 
11 1597 3.10 21.06 
12 1499 3.10 21.59 
12 1500 3.10 21.58 
12 1496 3.10 21.61 
12 1500 3.10 21.63 
12 1500 3.10 21.64 

1.05 22.754 44.29 480 19.2 21.35 14.97 11.56 70.11 77.3 1775 .053 .143 .000067 3.62 3.76 
1.05 22.732 44.24 481 19.2 21.38 14.95 11.56 69.92 77.3 1775 .037 .095 .000066 3.66 3.79 
1.04 22.753 44.26 480 19.2 21.37 14.96 11.53 70.00 77.1 1775 .038 .104 .000063 3.60 3.73 
1.05 22.721 44.24 480 19.2 21.38 14.95 11.54 69.93 77.2 1775 .036 .094 .000065 3.61 3.72 
1.04 22.744 44.26 481 19.2 21.42 14.96 11.51 69.82 77.0 1775 .031 .078 .000066 3.63 3.70 

.93 23.978 44.31 479 19.2 21.31 14.97 11.50 70.26 76.8 1775 .033 .090 .000069 3.64 3.75 

.93 23.960 44.30 479 19.2 21.31 14.97 11.50 70.27 76.8 1775 .042 .148 .000065 3.66 3.75 

.94 24.027 44.34 479 19.2 21.36 14.99 11.53 70.15 77.0 1775 .037 .095 .000064 3.67 3.75 

.94 24.030 44.26 480 19.2 21.36 14.96 11.56 70.04 77.3 1775 .032 .114 .000067 3.50 3.75 

.94 24.048 44.31 479 19.2 21.36 14.98 11.56 70.12 77.2 1775 .043 .126 .000074 3.64 3.75 

.83 25.210 44.17 481 19.2 21.40 14.93 11.40 69.77 76.4 1775 .032 .117 .000068 3.62 3.72 

.83 25.233 44.14 480 19.1 21.36 14.92 11.44 69.84 76.7 1775 .042 .148 .000058 3.56 3.73 

.83 25.214 44.13 480 19.1 21.35 14.92 11.42 69.87 76.5 1775 .033 .106 .000061 3.62 3.72 

.83 25.213 44.13 480 19.1 21.34 14.91 11.42 69.88 76.6 1775 .033 .097 .000055 3.63 3.72 

.83 25.214 44.13 480 19.1 21.32 14.91 11.40 69.94 76.4 1775 .030 .088 .000065 3.63 3.72 

.75 26.091 44.02 479 19.1 21.30 14.88 11.20 69.84 75.3 1775 .031 .078 .000064 3.66 3.72 

.75 26.069 44.01 480 19.1 21.33 14.87 11.18 69.73 75.2 1775 .039 .098 .000062 3.65 3.73 

.75 26.090 44.02 480 19.1 21.30 14.88 11.20 69.84 75.3 1775 .033 .086 .000066 3.63 3.72 

.75 26.073 44.03 480 19.1 21.30 14.88 11.18 69.88 75.1 1775 .043 .122 .000058 3.63 3.74 

.74 26.076 44.04 479 19.1 21.28 14.88 11.17 69.94 75.0 1775 .033 .100 .000065 3.64 3.72 

.66 26.849 43.67 482 19.1 21.39 14.76 10.82 69.01 73.3 1775 .042 .149 .000071 3.62 3.71 

.66 26.849 43.70 483 19.1 21.42 14.77 10.84 68.95 73.4 1775 .045 .135 .000069 3.62 3.71 

.66 26.819 43.67 483 19.1 21.40 14.76 10.83 68.98 73.4 1775 .031 .102 .000073 3.63 3.72 

.66 26.795 43.64 481 19.1 21.30 14.75 10.81 69.23 73.3 1775 .041 .124 .000069 3.64 3.75 

.66 26.828 43.66 481 19.1 21.31 14.76 10.83 69.23 73.4 1775 .043 .146 .000066 3.57 3.73 

.58 27.273 43.07 480 19.0 21.22 14.56 10.34 68.60 71.0 1775 .043 .121 .000077 3.58 3.73 

.58 27.267 43.07 480 19.0 21.19 14.56 10.34 68.71 71.1 1775 .034 .102 .000068 3.62 3.74 

.sa 27.293 43.08 480 19.0 21.22 14.56 10.32 68.62 70.9 1775 .037 .111 .oooo63 3.57 3.75 

.sa 27.321 43.11 4eo 19.0 21.19 14.57 10.36 68.77 11.1 1775 .038 .115 .oooo1o 3.63 3.75 

.58 27.331 43.12 480 19.0 21.23 14.57 10.36 68.64 71.1 1775 .043 .141 .000081 3.64 3.74 

TEST RUH HO. 003-K04-018-3.1 27 JUL 82 

Figure 148. (Sheet 2 of 3) 



N 
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00 

READaDISC-cSUBME-aSTATICaVELOCa TOTALaTORQUEaVOL-rCUR-aMOTORrSHAFTaWATERaMOTORaPUMPaSHAFTrVELOCITV a HOISE aPRESSURE 
HO.aHARGErRGEHCEa HEAD a HEADr HEAD a cTAGEaREHTcPOWERcPOWERaPOWERsEFF. aEFF.aSPEEDaRMS • MAMa RMS aMIH, MAX 

a GPM a FEET c FEET a FEETa FEET a FT•LBaVOLT1AMPS1 HP a HP a HP 1 l 1 l 1 RPM alPS • IPSa PSI 1FEETaFEET 

13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 

1405 3.10 
1404 3.10 
1406 3.10 
1406 3.10 
1405 3.10 
1307 3.10 
1304 3.10 
1300 3.10 
1298 3.10 
1304 3.10 
1201 3.10 
1198 3.10 
1198 3.10 
1204 3.10 
1203 3.10 
1047 3.10 
1050 3.10 
1051 3.10 
1045 3.10 
1048 3.10 
918 3.10 
917 3.10 
920 3.10 
918 3.10 
917 3.10 

22.14 
22.14 
22.19 
22.19 
22.12 
22.41 
22.39 
22.38 
22.39 
22.39 
22.37 
22.37 
22.34 
22.37 
22.40 
23.03 
23.08 
23.02 
23.03 
23.06 
24.23 
24.21 
24.17 
24.16 
24.20 

.51 27.761 42.79 482 19.0 21.19 14.46 9.86 68.23 68.2 

.51 27.753 42.81 481 19.0 21.20 14.47 9.85 68.26 68.1 

.51 27.805 

.51 27.802 

.51 27.736 

42.83 
42.82 
42.69 

.44 27.955 42.05 

.44 27.936 42.05 

.44 27.926 42.02 

.44 27.935 42.05 

482 19.0 21.22 14.48 9.88 68.21 68.3 
481 19.0 21.19 14.47 9.88 68.29 68.3 
481 18.9 21.17 14.43 9.85 68.14 68.3 
481 18.8 21.02 14.21 9.23 67.62 65.0 
481 18.8 21.02 14.21 
482 18.8 21.06 14.20 
482 18.8 21.05 14.21 
481 18.8 21.03 14.20 
480 18.7 20.81 13.79 
480 18.7 20.80 13.80 
481 18.7 20.81 13.78 
481 18.7 20.84 13.80 
480 18.7 20.83 13.81 

9.21 67.62 64.8 
9.17 67.44 64.6 
9.17 67.50 64.5 
9.21 67.49 64.9 
8. 45 66.26 61.3 
8. 43 66.34 61.1 
8. 43 66.21 61.2 
8. 47 66.23 61.4 
8. 48 66.28 61.4 
7.52 65.98 55.0 
7.56 66.16 55.1 
7.55 66.05 55.1 
7.51 66.08 54.8 
7.53 66.04 54.9 

.44 27.933 

.37 27.844 

.37 27.844 

.37 27.814 

.38 27.847 

.38 27.878 

.28 28.417 

.29 28.470 

.29 28.415 

.28 28.416 

.28 28.445 

.22 29.550 

.22 29.533 

.22 29.497 

.22 29.487 

.22 29.526 

42.00 
40.80 
40.82 
40.77 
40.84 
40.86 
40.49 480 18.6 20.74 13.68 
40.55 479 18.6 20.72 13.70 
40.51 480 18.6 20.73 13.69 
40.52 480 18.6 20.72 13.70 
40.57 480 18.6 20.76 13.71 
41.28 
41.22 
41.22 
41.20 
41.20 

481 18.8 20.95 13.95 6.86 66.58 49.1 
482 18.8 20.98 13.93 6.84 66.40 49.1 
481 18.8 20.97 13. 93 6.86 66.41 49.3 
481 18.8 20.93 13.92 6.84 66.53 49.1 
481 18.8 20.94 13.92 6.84 66.48 49.1 

TEST RUH HO. 003-K04-018-3.1 27 JUL 82 

Figure 148. (Sheet 3 of 3) 

1775 .047 .J30 .000075 3.63 3.76 
1775 .047 .141 .000081 3.61 3.74 
1775 .044 .141 .080078 3.62 3.75 
1775 .046 .115 .000080 3.61 3.74 
1775 .045 .170 .000076 3.64 3.75 
1775 .058 .175 .000088 3.58 3.74 
1775 .060 .165 .000088 3.59 3.75 
1775 .057 .151 .000090 3.60 3.76 
1775 .062 .189 .000092 3.59 3.76 
1775 .059 .153 .000095 3.61 3.77 
1775 .082 .263 .000113 3.57 3.85 
1775 .082 .240 .000109 3.61 3.84 
1775 .088 .243 .000104 3.59 3.83 
1775 .084 .259 .000113 3.57 3.83 
1775 .080 .262 .000112 3.58 3.83 
1775 .098 .299 .000124 3.46 3.85 
1775 .092 .259 .000126 3.48 3.84 
1775 .091 .332 .000116 3.49 4.00 
1775 .096 .320 .000123 3.49 3.88 
1775 .093 .287 .000124 3.44 3.87 
1775 .101 .278 .000126 3.29 3.92 
1775 .100 .362 .000119 3.26 3.95 
1775 .098 .351 .000125 3.33 4.22 
1775 .100 .365 .000116 3.28 4.83 
1775 .106 .451 .000120 3.28 4.32 



READaDISC-aSUBME-aSTATICaVELOCa TOTALaTORQUEaVOL-aCUR-aMOTORaSHAFTaWATERaMOTORaPUMPaSHAFTaVELOClTV a HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD a HEADa HEAD a aTAGEaREHTaPOWERaPOWERaPOWERaEFF. aEFF.aSPEEOaRMS, MAXa RMS aMIH 1 MAX 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 

1 GPM 1 FEET 1 FEET 1 FEETa FEET 1 FT•LBaVOLTaAMPSa HP • HP 1 HP 1 I 1 I 1 RPM alPS 1 IPSa PSI tFEET 1 FEET 

2854 3.10 
2852 3.10 
2853 3.10 
2855 3.10 
2850 3.10 
2654 3.10 
2650 3.10 
2653 3.10 
2643 3.10 
2649 3.10 
2517 3.10 
2515 3.10 
2514 3.10 
2514 3.10 
2518 3.10 
2404 3.10 
2400 3.10 
2396 3.10 
2402 3.10 
2397 3.10 
2305 3.10 
2298 3.10 
2300 3.10 
2305 3.10 
2302 3.10 
2195 3.10 
2193 3.10 
2194 3.10 
2192 3.10 
2194 3.10 

1. 00 
.95 
.98 
.96 
.97 

5.52 
5.54 
5.52 
5.57 
5.56 
8.36 
8.35 
8.36 
8.37 
8.37 

10.59 
10.60 
10.60 
10.59 
10.65 
12.19 
12.18 
12.23 
12.17 
12.21 
14.03 
14.00 
14.02 
14.04 
13.98 

2.11 8.217 37.10 482 18.4 20.57 12.54 5.93 60.95 47.3 
. 2.11 8.167 37.04 482 18.4 20.58 12.52 5.89 60.82 47.0 
2.11 8.195 37.09 482 18.4 20.57 12.54 5.91 60.94 47.2 
2.11 8.174 37.05 482 18.4 20.55 12.52 5.90 60.94 47.1 
2.11 8.183 37.09 482 18.4 20.57 12.53 5.90 60.92 47.0 
1.83 12.449 39.77 482 18.8 21.00 13.44 8.35 64.02 62.1 
1.82 12.468 39.91 482 18.8 21.05 13.49 8.35 64.08 61.9 
1.83 12.452 39.81 482 18.8 21.01 13.45 8.35 64.05 62.1 
1.81 12.482 39.88 482 18.8 21.00 13.48 8.34 64.18 61.9 
1.82 12.489 39.87 482 18.8 21.02 13.48 8.36 64.10 62.1 
1.64 15.105 41.50 482 19.0 21.28 14.03 9.61 65.92 68.5 
1.64 15.091 41.48 482 19.0 21.27 14.02 9.60 65.91 68.4 
1.64 15.099 41.55 482 19.0 21.29 14.04 9.60 65.96 68.3 
1.64 15.118 41.48 482 19.0 21.28 14.02 9.61 65.89 68.5 
1.64 15.117 41.48 482 19.0 21.27 14.02 9.62 65.91 68.7 
1.50 17.191 42.55 482 19.1 21.42 14.38 10.45 67.12 72.7 
1.49 17.201 42.56 482 19.2 21.44 14.38 10.44 67.09 72.6 
1.49 17.191 42.54 482 19.2 21.43 14.38 10.41 67.08 72.4 
1.50 17.191 42.57 482 19.2 21.43 14.39 10.44 67.14 72.5 
1.49 17.244 42.59 482 19.2 21.45 14.39 10.45 67.11 72.6 
1.38 18.676 43.32 482 19.2 21.54 14.64 10.88 67.99 74.3 
1.37 18.653 43.33 482 19.2 21.52 14.64 10.84 68.04 74.0 
1.37 18.703 43.31 482 19.2 21.52 14.64 10.87 68.00 74.3 
1.38 18.653 43.26 482 19.2 21.51 14.62 10.87 67.98 74.3 
1.38 18.685 43.30 482 19.2 21.51 14.63 10.88 68.02 74.3 
1.25 20.381 43.83 481 19.3 21.56 14.81 11.31 68.70 76.3 
1.25 20.356 43.86 481 19.3 21.58 14.82 11.28 68.69 76.1 
1.25 20.377 43.88 481 19.3 21.55 14.83 11.30 68.82 76.2 
1.25 20.387 43.86 481 19.3 21.56 14.82 11.30 68.76 76.2 
1.25 20.335 43.77 481 19.3 21.53 14.79 11.28 68.70 76.3 

1775 .031 .126 .000061 3.54 3.68 
1775 .031 .075 .000053 3.57 3.66 
1775 .034 .092 .000064 3.57 3.68 
1775 .030 .083 .000061 3.44 3.67 
1775 .028 .076 .000057 3.56 3.67 
1775 .037 .117 .000070 3.49 3.68 
1775 .032 .097 .000067 3.54 3.69 
1775 .032 .094 .000065 3.44 3.68 
1775 .031 .077 .000057 3.57 3.68 
1775 .032 .094 .000069 3.37 3.69 
1775 .040 .104 .000071 3.61 3.72 
1775 .032 .113 .000067 3.62 3.72 
1775 .035 .104 .000066 3.53 3.72 
1775 .026 .079 .000067 3.63 3.71 
1775 .028 .079 .000068 3.51 3.71 
1775 .027 .079 .000064 3.57 3.69 
1775 .028 .096 .000062 3.59 3.71 
1775 .032 .080 .'000061 3.56 3.71 
1775 .033 .097 .000058 3.63 3.71 
1775 .032 .115 .000064 3.65 3.71 
1775 .032 .079 .000061 3.62 3.69 
1775 .026 .074 .000058 3.61 3.69 
1775 .042 .115 .000067 3.59 3.71 
1775 .032 .099 .000062 3.59 3.71 
1775 .038 .094 .000062 3~~0 3.70 
1775 .038 .110 .000061 3.55 3.72 
1775 .032 .093 · .000062 3.62 3.72 
1775 .036 .097 .000067 3.61 3.72 
1775 .027 .086 .000058 3.61 3.71 
1775 .033 .100 .000057 3.64 3.71 

TEST RUH HO. 003-K05-018-3.1 27 JUL 82 

Figure 149. Research data; pump 3, Test K-05, sump 18, submergence 3.1 ft 
(Sheet 1 of 3) . 
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READaDISC- aSUBME - 1STATIC1VELOCa TOTALaTORQUE1VOL-~CUR-IMOTOR1SHAFTIWATER1MOTORIPUMP1SHAFTaVELOCJTY 1 HOISE aPRESSURE 
HO.aHARGEaRGEHCEa HEAD c HEADa HEAD 1 aTAGEaREHTaPOWERaPOWERaPOWERaEFF. 1EFF.aSPEEDaRMS 1 MAXa RMS aMIH a MAX 

7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

1 GPM 1 FEET a FEET 1 FEET1 FEET 1 FT•LBaVOLT1AMPS1 HP 1 HP 1 HP 1 X 1 X 1 RPM 1IPS 1 IPSa PSI aFEETrFEET 

2091 3.10 
2095 3.1(J 
2095 3.10 
2093 3.10 
2096 3.10 
1996 3.10 
1996 3.10 
1998 3.10 
1999 3.10 
1995 3.10 
1897 3.10 
1901 3.10 
1898 3.10 
1898 3.10 
1900 3.10 
1786 3.10 
1787 3.10 
1787 3.10 
1787 3.10 
1782 3.10 
1709 3.10 
1716 3.10 
1710 3.10 
1715 3.10 
1708 3.10 
1597 3.10 
1595 3.10 
1595 3.10 
1597 3.10 
1597 3.10 

15.56 
15.5~ 

15.56 
15.57 
15 . 52 
16.88 
16.90 
16.88 
16.88 
16.85 
18.11 
18.12 
18.11 
18.11 
18.11 
19.35 
19.35 
19.39 
19.35 
19.41 
20.18 
20.17 
20.18 
20.19 
20.18 
21.08 
21.08 
21.09 
21.11 
21.11 

1.13 21.802 44.18 
1.14 21.780 44.17 
1.14 21.798 4~.16 

1 . 14 21.813 ~4.24 

1.14 21.762 ~~.30 

1.03 23.017 44.28 
1.03 23.034 44.32 
1.04 23.02~ 44.30 
1.0~ 23.025 ~4.30 

1.03 22.991 ~4.33 

481 19.4 21.62 14 . 93 11.53 69.06 77.2 
481 19.4 21.60 1~.93 11.5~ 69.10 77.3 
480 19.3 21.57 14.92 11.55 69.21 77.4 
481 19.4 21.61 14.95 11.5~ 69.18 77.2 
481 19.4 21.62 14.97 11.53 69.24 77.0 
482 19.4 21.69 14.97 11.61 69.01 77.6 
482 19.~ 21.73 14.98 11.62 68.93 77.6 
482 19.4 21.72 1~.97 11.63 68.92 77.7 
482 19.~ 21.71 1~.97 11.6~ 68.97 77.7 
481 19.4 21.66 1~.98 11.60 69.15 77.~ 

.93 24.1~6 44.29 482 19.4 21.66 14.97 11.58 69.08 77.4 

.94 24.160 44.25 482 19.4 21.67 1~.95 11.61 69.01 77.6 

.93 24.150 44.25 482 19.4 21.67 1~.96 11.59 69.01 77.5 

.93 24.144 44.27 482 19.4 21.69 14.96 11.58 68.99 77.4 

.94 24.150 44.28 482 19.4 21.68 14.96 11.60 69.01 77.5 

.83 25.285 4~.16 482 19.3 21.63 14.93 11.42 69.00 76.5 

.83 25.280 44.18 481 19.3 21.61 14.93 11.42 69.10 76.5 

.83 25.319 44.15 482 19.3 21.63 14.92 11.44 68.98 76.7 

.83 25.286 44.13 481 19.3 21.62 14.91 11.43 68.98 76.6 

.82 25.339 44.16 481 19.3 21.61 14.93 11.41 69.06 76.5 

.76 26.038 44.11 482 19.3 21.66 14.91 11.25 68.84 75.5 

.76 26.037 44.09 482 19.3 21.65 14.90 11.29 68.82 75.8 

.76 26.044 44.10 482 19.3 21.62 14.90 11.26 68.94 75.5 

.76 26.056 44.08 481 19.3 21.60 14.90 11.30 68.97 75.8 

.76 26.038 44.08 481 19.3 21.61 14.90 11.24 68.95 75.5 

.66 26.848 43.68 483 19.3 21.63 14.76 10.84 68.23 73.4 

.66 26.843 43.66 483 19.3 21.64 14.76 10.82 68.20 73.3 

.66 26.856 43.61 483 19.3 21.60 14.74 10.83 68.22 73.5 

.66 26.880 43.69 483 19.3 21.62 14.77 10.86 68.30 73.5 

.66 26.874 43.73 483 19.3 21.62 14.78 10.85 68.37 73.4 

1775 .039 .108 .000062 3.62 3.72 
1775 .025 .082 .000060 3.6~ 3.73 
1775 .0~0 .092 .000060 3.63 3.72 
1775 .035 .105 .000067 3.~~ 3.72 
1775 .039 .10~ .000069 3.6~ 3.71 
1775 .029 .090 .00006~ 3.58 3.72 
1775 .035 .092 .000063 3.65 3.72 
1775 .030 .097 .000066 3.59 3.72 
1775 .033 .08~ .000068 3.62 3.72 
1775 .030 .092 .000066 3.64 3.72 
1775 .02~ .07~ .000069 3.62 3.70 
1775 .027 .077 .000066 3.61 3.69 
1775 .03~ .095 .000068 3.55 3.69 
1775 .028 .082 .000062 3.62 3.70 
1775 .026 .082 .000063 3.60 3.71 
1775 .039 .107 .000057 3.61 3.71 
1775 .031 .108 .000062 3.60 3.69 
1775 .03~ .112 .000060 3.~7 3.70 
1775 .032 .081 .000065 3.58 3.69 
1775 .030 .088 .000063 3.61 3.70 
1775 .033 .08~ .00006~ 3.62 3.70 
1775 .028 .078 .000066 3.61 3.71 
1775 .033 .089 .000063 3.62 3.69 
1775 .03~ .08~ .000066 3.60 3.71 
1775 .031 .098 .000066 3.56 3.69 
1775 .033 .106 .000071 3.62 3.72 
1775 .032 .113 .000073 3.63 3.72 

1 1775 .03~ .100 .000076 3.60 3.72 
1775 .039 .11~ .000070 3.63 3.72 
1775 .038 .122 .000070 3.61 3.71 
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READaDISC-aSU8ME-rSTATICaVELOCa TOTALaTORQUEaVOL-aCUR-aMOTORaSHAFTIWATERaMOTORaPUMPaSHAFTaVELOCITV a HOISE aPRESSURE 
HO.aHARGEaRGEHCE1 HEAD 1 HEAD1 HEAD 1 aTAGEaREHTaPOWERaPOWER1POWERaEFF. aEFF.aSPEE01RMS 1 MAMa RMS 1MIH 1 MAX 

a GPM 1 FEET 1 FEET a FEET1 FEET 1 FT•L81VOLT1AMPSa HP 1 HP 1 HP a 1 1 1 1 RPM alPS a IPSa PSI 1FEETaFEET 

13 1496 3.10 21.65 
13 1500 3.10 21.64 
13 1498 3.10 21.66 
13 1495 3.10 21.65 
13 1501 3.10 21.63 
14 1405 3.10 22.16 
14 1404 3.10 22.18 
14 1407 3.10 22.18 
14 1404 3.10 22.17 
14 1404 3.10 22.14 
15 1240 3.10 22.48 
15 1241 3.10 22.46 
15 1244 3 . 10 22.44 
15 1243 3.10 22.45 
15 1245 3.10 22.49 
16 1097 3.10 22.79 
16 1102 3.10 22.78 
16 1103 3.10 22.79 
16 1099 3.10 22.77 
16 1100 3.10 22.82 
17 928 3.10 24.29 
17 925 3.10 24.26 
17 923 3.10 24.26 
17 922 3.10 24.20 
17 926 3.10 24.22 

.58 27.334 43.14 482 19.2 21.52 14.58 10.34 67.76 70.9 1775 .038 .11~ .000070 3.60 3.71 

.58 27.332 43.17 482 19.2 21.52 14.59 10.36 67.81 71.0 1775 .039 .111 .000073 3.59 3.70 

.58 27.343 43.14 482 19.2 21.49 14.58 10.35 67.84 71.0 1775 .046 .155 .000074 3.60 3.72 

.58 27.331 43.13 482 19.2 21.51 14.58 10.33 67.75 70.9 1775 .041 .107 .000076 3.61 3.73 

.58 27.315 43.08 482 19.2 21.50 14.56 10.36 67.71 71.2 1775 .042 .133 .000078 3.60 3.71 

.51 27.773 42.81 481 19.1 21.39 14.47 9.86 67.65 68.2 1775 .043 .137 .000079 3.57 3.71 

.51 27.794 42.87 481 19.1 21.40 14.49 9.87 67.71 68.1 1775 .047 .140 .000088 3.60 3.72 

.51 27.797 42.87 482 19.1 21.40 14.49 9.89 67.69 68.2 1775 .046 .125 .000084 3.59 3.72 

.51 27.789 42.79 482 19.1 21.42 14.46 9.86 67.53 68.2 1775 .050 .130 .000080 3.60 3.72 

.51 27.760 42.70 482 19.1 21.39 14.43 9.86 67.49 68.3 1775 .050 .155 .000077 3.59 3.74 

.40 27.984 41.28 481 18.9 21.13 13.95 8.77 66.04 62.9 1775 .076 .213 .000101 3.58 3.77 

.40 27.965 41.29 481 18.9 21.13 13.95 8.77 66.02 62.9 1775 .072 .183 .000106 3.60 3.80 

.40 27.950 41.21 482 18.9 21.13 13.93 8.79 65.93 63.1 1775 .074 .236 .000101 3.59 3.79 

.40 27.958 41.25 482 18.9 21.14 13.94 8.79 65.96 63.0 1775 .070 .228 .000102 3.57 3.77 

.40 27.992 41.28 482 19.9 21.16 13.95 8.81 65.95 63.2 1775 .073 .238 .000108 3.59 3.76 

.31 28.208 40.37 492 19.7 20.94 13.64 7.82 65.15 57.3 1775 .085 .251 .000123 3.51 3.81 

.31 29.200 40.40 492 19.7 20.96 13.65 7.85 65.14 57.5 1775 .090 .238 .000109 3.52 3.80 

.32 28.201 40.38 491 18.7 20.94 13.65 7.87 65.17 57.6 1775 .087 .280 .000128 3.53 3.84 

.31 28.191 40.37 492 18.7 20.97 13.64 7.83 65.08 57.4 1775 .090 .374 .000114 3.51 3.84 

.31 28.237 40.40 491 18.7 20.94 13.65 7.85 65.21 57.5 1775 .085 .252 .000119 3.49 3.86 

.22 29.617 41.20 483 18.9 21.16 13.92 6.94 65.80 49.9 1775 .101 .300 .000124 3.25 3.95 

.22 29.585 41.20 483 19.8 21.15 13.92 6.92 65.85 49.7 1775 .098 .333 .000121 3.29 4.18 

.22 29.592 41.22 493 19.9 21.16 13.93 6.90 65.83 49.5 1775 .104 .283 .000124 3.24 3.98 

.22 29.524 41.10 493 18.8 21.14 13.89 6.88 65.72 49.5 1775 .096 .288 .000127 3.31 3.95 

.22 29.550 41.20 484 19.9 21.17 13.92 6.92 65.76 49.7 1775 .099 .284 .000134 3.~ .17 4~49 
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Figure 150. Base sump flow pattern for pump 3, SVS type 56, pump bell 

submergence 3.1 ft (2.4D), discharge 1,900 gpm, Q/g112n512 = 0.40 , 
base sump type 18 
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Pumps Run Sump Submergence 
003 K04 018 2.5 

Date 27 Jul 82, Time 0830, Air Temp 78° F, Water Temp 63° F, Barometric 
Pressure 29.97 in. Hg. 

01 

02-03 

04 

ISV, Stage A, CCW at 8 o'clock and CW at 5 o'clock, both approximately 
1/4 in. diam. IFV, CW, 1/8 in. diamat 5 to 7 o'clock and about 3 in. 
from CP (Center Point) of pump bell. IBWV 1/16 in. diam CCW at 
7 o'clock. 

NSCE (No Significant Change Except) all vortices becoming smaller and 
occurring less frequently. 

NSCE additional ISV's appearing in each BW to SW corner, CCW on right 
and CW on left (looking downstream) both Stage A. 

05 ISV's now only occurring at random positions downstream from pump 
column, all Stage A. IFV, CW mostly at 5 to 7 o'clock, 1/16 in. diam 
and approximately 3 to 4 in. from pump CP. IFV gone. 

06-08 

09-10 

NSCE all vortices becoming smaller and occurring less frequently. 

NSCE ISV's now occurring as surface dimples at random locations and 
directions. 

11 NSCE surface dimples changing to circular motion at 4 o'clock CW and 
at 8 o'clock CCW. 

Date 27 Jul 82, Time 1030, Air Temp 84° F, Water Temp 80° F, Barometric Pres
sure 29.96 in. Hg. 

12-14 NSCE surface circular rotation becoming slower and more calm. IFV CW 
now mostly at 6 o'clock and approximately 1/32 in. diam. 

15 NSCE IFV gone. 

16 Spray expulsion of tiny air bubbles from pump bell intake reaching 
approximately 3 in. below bell. 

Figure 151. Visual observation notes, test K-04 
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PART XI: VERTICAL DROP APPROACH FLOW 

206. The 0.8D vertical drop was tested in a type 4 sump design (Fig

ure 152) foL pump 1 only. The sump had straight sidewalls 19D long. The 

floor of the sump and approach was straight and level (before vertical drop 

installation), and the sump was 2D wide. The pump bell intake was located 

0.34D above the sump floor and 0.04D from the backwall. Comparison curves 
~ 

were developed for the pump 1, type 4 sump by procedures similar to those used 

to develop the subsequent signature curves for the type 18 sump for all three 

pumps (see Part X). The comparison curves for the type 4 sump were developed 

at a pump bell submergence of 2.5D. Curve fit was obtained using the least 

squares method for simple linear regression analysis. Figure 153 is an over

lay of Tests H5, H6, H7, and H8. All four tests were very closely repeated as 

can be observed in Figure 153 by the thin lines and lack of separations, i.e., 

each of the four sets of test curves fell almost on top of one another. Fig

ures 154-157 show each of the component tests plotted with the aggregate base 

curves. Arrows on the curve plots designate the types of vortices and at what 

operating r3nges they were observed. Reading numbers are shown just above the 

arrows. These may be referenced to the visual observation notes (Figures 158-

161). Statistical comparisons of each of the component ttst curves with the 

aggregate base curves are shown in Figures 162-165. The statistical compari

sons substantiate the good repeatability of the four component base tests. 

The flow pattern for the base tests for a discharge ratio R of 0.4 is shown in 

Figure 166. The flow patterns are important for analysis with subsequent ver

tical step flow patterns and for reference to the visual observation notes. 

The research data are given in Figures 167-170. Two additional tests (H9 and 

H10) were conducted with the base sump but at two lower submergences (1.47D 

and 0.47D). These two arbitrarily selected submergences were tested to pro

vide a basis for comparison of subsequent vertical drop sumps with correspond

ing submergences. The performance characteristics curves, visual observation 

notes, statistical comparisons, tabulated data, and flow patterns for Tests H9 

and H10 are shown in Figures 171-178 and 166. 

Vertical Drop Location 2D 

207. Three submergences (2.47D, 1.47D, and 0.47D) were tested with the 
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0.8D vertical drop located 2D upstream from the pump bell center line (Tests 

H02-H04). The performance characteristics curves, visual observation notes, 

statistical comparisons, tabulated data, and flow patterns are shown in Fig

ures 179-191. Instrumentation for noise was not operative during Tests H02 

and H03; however, related data were satisfactory for analysis without the 

noise data. The overall evaluation indicates that this sump (type 7) is 

adverse by a small degree for most of the varied range of discharges except at 

the lowest submergence (0.47D). The 0.47D tests (H04) results were much worse 

than the corresponding submergence with the type 4 sump (Test H10). The cause 

of the more adverse flow is believed to be due to the formation of a hydraulic 

jump downstream from the 0.8D drop that entrained a vast amount of air into 

the flow. 

Vertical Drop Location 1D 

208. Only two submergences (2.47D and 1.47D) were tested with the ver

tical drop located 1D upstream from the pump center line (Tests Hll and Hl2). 

The lower submergence (0.47D) was omitted due to the severe vibration of the 

pump and motor. The vibration increased significantly at the low submergence 

when the 0.8D drop was relocated less than 2D from the pump center line. The 

data package for the two upper submergences is given in Figures 192-200 con

sisting of pump performance curves, visual observation notes, statistical com

parisons, tabulated data, and flow patterns. A comparison of these results 

with those of the base curves showed a slight change in H-Q , an increase in 

P , and an increase in vibration. 
s 

Vertical Drop Locations SD, lOD, and 19D 

Location SD 

209. The submergences tested and the testing techniques and evaluation 

used with the 2D drop locations were also used with the SD located design 

(sump type 8, Tests Hl3-H15). The corresponding data package is presented in 

Figures 201-213 for performance curves, visual observation notes, statistical 

comparisons, tabulated data, and flow patterns. 

Location 10D 
210. Data results for the lOD drop location at submergences of 2.47D, 
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1.47D, and 0.47D are shown by Tests H16-H18 (sump type 9) in Figures 214-226 

for pump performance curves, visual observation notes, statistical compari

sons, tabulated data, and flow patterns. 

Location 19D 

211. No tests were conducted with the vertical drop located 19D up

stream from the pump center line. The effect of the vertical drop diminishes 

as its location from the center line of the pump increases. It is assumed 
... 

that no effect will exist at the 19D location and the base tests can be used 

as another point for plotting curves of pump location versus discharge ratio 

(see following section "Discussion of Vertical Drop Testing"). 

212. Results of testing at a single drop location (SD, lOD, or 19D) 

produced no clear conclusions when analyzed alone. 

trends were searched for with each additional test. 

son is made in the following section, "Discussion of 

Consistent patterns or 

A more complete compari

Vertical Drop Testing." 

Verification of Signature Curve Data 

213. Three additional tests (T03, T04, and TOS) were conducted at a 

submergence of 2.47D using the base type 4 sump. These test results were com

pared with one another and with base test data results (see paragraph 206) 

previously obtained, to determine the accuracy of repeatability. These test 

results (T03, T04, and TOS) are shown in Figures 227-238 for performance 

curves, visual observation notes, statistical comparisons, and tabulated data. 

The latest acquired performance curves were on the same graph as the pre

viously plotted base curves. The spread of these data was used as a guideline 

for evaluation of the previously tested vertical drop designs. A discussion 

of this evaluation is presented in the next paragraph. 

Discussion of Vertical Drop Testing 

Perspective 

214. The 0.8D vertical drop was part of the early testing using the 

generalized pump sump research facility. This testing series was instrumental 

in providing guidance for testing of pump location, SVS, scale effects, and 

other appurtenances. It became apparent during vertical drop testing that 

optimum sump evaluation techniques and accurate, reliable instrumentation are 
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essential to provide a satisfactory benefit/cost ratio for future testing. It 

is important that the reader recognize that the signature curves developed for 

the 0.8D vertical drop testing are different from those discussed in Part X of 

this report. Those curves presented in Part X are the most recent and include 

improvements in instrumentation and other development techniques. The 0.80 

vertical drop testing part of this report is arranged after the signature 

curve part in order to avoid repetition of the explanation of the develop

mental procedure. The procedure was identical except where noted. 

Summary and conclusions 

215. Single pump (pump 1) operation was used to test for the influence 

of an 0.8D vertical drop placed across the sump in the approach flow upstream 

from the pump. A progressive index of this testing is shown in Figure 239. 

The 0.8D vertical drop causes only minor deviations from the performance stan

dards established by the base sump design; when the drop is located at dis

tances equal to or greater than 20 from the center line of the pump, the flow 

is uniform in the lateral plane, and submergences are 1.470 or greater. The 

vortex drop-out evaluation technique as explained in Part V of this report is 

another means of showing the effects of the vertical drop with respect to lo

cation, submergence, and discharge ratio. These patterns are shown in Fig

ures 240-242 with respect to FV, BWV, and SV, respectively. A repeat of the 

base sump tests revealed some drift in the results of the earlier base sump 

tests, underscoring the need for more accurate data and an improved base sump. 

Other testing presented in this report, instrumentation improvements, and im

proved testing procedures were largely due to these needs recognized during 

the evaluation of the 0.8D vertical drop tests. Based on test results ob

tained, the O.SD drop should be located no closer than 20 from the center line 

of the pump for uniform flow and submergences greater than 1.470. For condi

tions outside these guidelines, a site-specific model study is recommended. 
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D = 15.5"7 
I 

D = 15.5" 7 
I 

I 

PLAN VIEW PLAN VIEW 

I 
I 
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0.40 0.40 

_.,-4 0.540 ...... 1-

SIDE VIEW 

fl. PRESSURE 

TRANSDUCER . 
SIDE VIEW 

TYPE 6 SUMP, X = 0 TYPE 4 SUMP 
TYPE 7 SUMP, X = 20 
TYPE 8 SUMP, X = 50 
TYPE 9 SUMP, X - 100 

Figure 152. Definition of sump types (not to scale) 
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Figure 153. Test run 100-H5678-004-2.6; performance characteristics curves; 
pump 1, Test H5678, sump 4, submergence 2.47D 
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Figure 155. Tes t run 100-H06-004-2.6; performance characteristics curves; 
pump 1, Test H06, sump 4, submergence 2.47D 
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Figure 158. Test run 100-HOS-004-2.6; visual observation notes; pump 1, 
Test H05, sump 4, submergence 2.47D 
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Figure 160. Test run 100-H07-004-2.6; visual observation notes; pump 1, 
Test H07, sump 4, submergence 2.47D 
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Figure 161. Test run 100-HOS-004-2.6; visual observation notes; pump 1, 
Test H08, sump 4, submergence 2.47D 
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Figure 162. Test run 100-HOS-004-2.6; statistical comparison; pump 1, 
Test HOS, sump 4, submergence 2.47D 
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Figure 163. Test run 100-R06-004-2.6; statistical comparison; pump 1, 
Test R06, sump 4, submergence 2.47D 

••• 
·=· n ·:·r L- .. . ·-· _, 

••• 
C:C' """:' , .. 

·-· ·-· . .. t:· 



N 
0\ 
0 

TOTAL Af;·EA 

t·1H- ~ .. • '··' -
' " I -

t·1 I t·i 'r' = 
t·1EA~i ·..-· = 

~·1H- '"' '-' -I • I I -

t·l I ~i ·.,.. = 
t·lEAt·i \ ' = 

TOTAL HF'EA 

rlH- .... . ..... -, ., I -

t·1 I t·i ·.,.- = 
t·1Eftti \' = 

"1H- '·.-' '··· -,. •··• I -

t·1 I t·i \' = 
t·1EAt1 \' = 

TOTAL APEA 

t•lH- '···' '··' -I ,··, I -

t·l IN ·.,· = 
NEAt·i \ ' -

t·1H- '·./ •.• -,··, I -

t·1 IN ._,.. = 
t·1E At-i ·.,· -

+++PUt·1P EFF I C. I EtK Y 
420o 80 ABS OLUTE APEA 

~-:- .- .-. 
I I • t:• •:• 

TE·ST CI_IP\·'E 

• ':·:' = . . . 
• • • 

·:· ,.,4 7 ,· , ·:· 
L.. - f • ·- ·-' .-. ·:. .-. ~ .:: .-. 
c ... ·=· t • .-_.c 

2466o43 

·s· I G~iATU F.:E CUR\·'E 
~-:- .-.1 .. i • . ,:. 

44 0 ::::6 
...,.1 .-•. -.. • ·:· t:· 

• ...... -•.. , -
'··' -~ ,.., .• -

-. ,·,.-.4 .· e .:. - ·=· . • t:· ·-· 

·=· 4 .- ,., ...,. .-. 
L.. t:· ... • ,· ·-=· 

••• ·~:HAFT HOF.::S:EPOI .• IE f;· 
.-.c .-. -. - I - OLIITr::-o ._, o -.:·.:. H :::::: _ c AF.'EA 

1 .. 1 ~ t:·. ( 

1.-. .-. . · .:. • . ,:. '=• 

TE:S T C UF.''·:'E 
':·:' = • • 
• • • :·: = . . . 

15o60 '·' -~ ,.· .. -
• • • 

S IGNATUF.'E 
1 ,:: 1 4 • ':·:' = 

-· 0 • .. 

1 .-, .-.-:-
.::.. . .::. ,· 
15o54 

• .. • -' .···, -
'· ·' -. \ -

1 •SE. 0. :::·~ -. ·.:. .-. -,. ..... -, .:. -· ·=· ' • t:•.::. 
.-•. -.·:a""":! 4 .-. .:.. .::. -· ,· • c 

CUF.:'·/E 
1600o0 0 
·=· ·::. ·=·...., ,;;; =· L-. ... • ' -' I • ' -' L-. 

+++ABS VELOCITY, IPS 
-O o51 AB: OLUTE AF.'EA 

. 1 e 1_1 0 _ , 

0 0 11 
Oo 14 

. '·.·' -.. -• 0 • 

• 
• 

·.·' -.... -
• ,···, = 

• • • 

-.,-,.-.4 1 .· c ~ ·=· • t:· 
.-.. -.. - . -:" .- -. 
,=._ :"' •=· t • t:•C 

·:· C' =· ·-=· .-.. ,-, 
..... ·-· L- -· • ::' :"" 

S I Gt·iATUF'E C UF:\·'E 
. 1 e 
1_1 0 ·-' 

(I 0 11 
Oo 14 

" ':·:' = . . . . • .... -.. ·. -
• .. • -.···, -

·=•t e .;. 4 ·:· L,.. _ , ._.. • L-

·=· ,::, 1 •::r ·=· 1"1 L- - - · • .._ -

••• 
4 .-. .:: .-.4 .:· .-_ . • c. 

••• 
,-. r -, .-, 
•:• _t • -.:•C 

••• 
::: . OE. 

TOTAL AP.EA 

t·lH- '···' '·-' -, .. , I -

t·1 I t·~ 'r' = 
t·1EAt·i . .,.. 

t·lH- •,.• I • -,· ·, I -

t·l I t·i \' = 
~1EAt·i ·,· = 

TOTAL AF.'EA 

t•1H- '·. ' ' ·' -, .. , I -

t·1 I t-i ·.,.. = 
t·1EAti \ ' = 

tl - .... . H ··· .. -,· ·, . -
~1 I t·i Y = 
t·lEAt·i '/ -

+++NOI SE LB/ IN++2 
-53 o29 ABSOLUTE AREA 

TE s:T CUF.:VE 
1., .-•• • 
- • ·=·'=· - 4~ II . .· • o I 

. c=4 
1_1 0 · -· • 

• • 
~ ,:·:, = 

• '··:' = . . . 
• • • 

.-. ·::. .-. ._, .. -.-. ..:.. -· ·=· .. • t:•.::. 
1E.OOo 00 

·=·491 ·::. r( ..... - . .. -

:5' I GNATUF.'E CUP'·.·'E 
Oo9.3 
Oo47 

- e . Uo _.t;. 

• .. • -. ,.·., -
'· ·' -' ,···. -

• ... -. •···• -

·:. •:e .-.-, .- -...... -· ·=· ; • '=• ~ 
163 1 0 1'3 

-, 1:'" -:" 1 c::- • :J c _t,. • _ • .._ 

+++TOTAL HEAit 
203 o75 ABS OLUTE APEA 

: .. ::, =·1 '- -· . .._ 
7 ·=·n I • L.. .. 

-, .- . C'" 1 
.:.. -.:· . ·-' 

. '··' -.. -. . . 
•• 

~ ,·\ = 

• • • 

16 00 . 00 

S I Gt-iATUF.'E CUF.:VE 
•• • :·: = . . . 1600o0 0 

7 0 1 (I .-. ·::. .-.-, .- .-. 
C .... •:• I • t •a::.. •• • :.: = . . . 

·=· ·:· :··:. '-. ·-·. ·-· -· 20:3 1 0 2 4 •• ' ,:·:, = 

• 

Figure 164. Test run 100-H07-004-2.6; statistical comparison; 
Test H07, sump 4, submergence 2.47D 
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Figure 165. Test run 100-HOS-004-2.6; statistical comparison, pump 1, 
Test HOS, sump 4, submergence 2.47D 
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TESTS H05-H08, T03-T05, SUBMERGENCE = 2.470 

-

TEST H09, SUBMERGENCE = 1.470 

TEST H1 0, SUBMERGENCE = 0.470 

Figure 166. Flow pattern for sump type 4; discharge 1,930 gpm (4.3 cfs); 

bell diam D - 1. 3 ft, Q/g
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Figure 167. Test run 
sump 

100-HOS-004-2.6; research data; pump, 
4, submergence 2.47D (Continued) 
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Figure 167. (Concluded) 
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Figure 168. Test run 
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Figure 168. (Concluded) 
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Figure 169. Test run 100-H07-004-2.6; research data; pump 1, Test H07, 
sump 4, submergence 2.47D (Continued) 
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Figure 169. (Concluded) 
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Figure 170. Test run 100-ROS-004-2.6; research data; pump 1, Test HOB, 
sump 4, submergence 2.47D (Continued) 
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Figure 170. (Concluded) 
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Figure 173. Test run 100-H09-004-1.3; visual observation notes; pump 1, 
Test H09, sump 4, submergence 1.47D 
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Figure 174. Test run 100-H10-004-0.0; visual observation notes; pump 1, 
Test H10, sump 4, submergence 0.47D 
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Figure 175. Test run 100-H09-004-1.3; statistical comparison; pump 1, Test H09: sump 4, 
submergence 1.47D 
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Figure 176. Test run 100-Hl0-004-0.0; statistical comparison; pump 1, Test RIO, sump 4, 
submergence 0.47D 
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Figure 177. Test run 100-R09-004-1.3; research data; pump 1, Test R09, sump 4, 
submergence 1.47D (Continued) 
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Figure 178. Test run 100-H10-004-0.0; research data; pump 1, Test H10, sump 4, 
submergence 0.47D (Continued) 
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Figure 178. (Concluded) 
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Figure 184. Test run 100- H04-007-0.0; visual observation notes; pump 1, 
Test H04, sump 7, submergence 0.47D 
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Figure 185. Test run 100-H02-007-2.6; statistical comparison; pump 1, 
Test H02, sump 7, submergence 2.47D 
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Figure 186. Test run 100-R03-007-1.3; statistical comparison; pump 1, 
Test H03, sump 7, submergence 2.47D 
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Figure 187. Test run 100-H04-007-0.0; statistical comparison; pump 1, 
Test H04, sump 7, submergence 0.47D 
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Figure 188. Test run 100-H02-007-2.6; research data; pump 1, Test H02, 
sump 7, submergence 2.47D (Continued) 
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Figure 189. Test run 100-R03-007-1.3; research data; pump 1, Test H03, 
sump 7, submergence 1.47D (Continued) 
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Figure 189. (Concluded) 
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Figure 190. Test run 100-H04-007-010; research data; pump 1, Test R04, 
sump 7, submergence 0.47D (Continued) 
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Figure 190. (Concluded) 
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Figure 191. Flow pattern for sump type 7, discharge 1,930 gpm (4.3 cfs), bell 

diam D = 1.3 ft, Q/g1/ 2n5/ 2 = 0.4 
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Figure 197. Test run 100-H12-006-1.3; statistical comparison; pump 1, 
Test H12, sump 6, submergence 1.47D 
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Figure 198. Test run 100-H11-006-2.6; research data; pump 1, Test H11, 
sump 6, submergence 2.47D (Continued) 
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Figure 198. (Concluded) 
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Figure 199. Test run 100-Hl2-006-1.3; research data; pump 1, Test Hl2, 
sump 6, submergence 1.47D (Co~tinued) 
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HYDRAULIC FLOW CONDITIONS 

Figure 200. Flow pattern for sump type 6, discharge 1,930 gpm (4.3 cfs); bell 

diam D = 1.3 ft, Q/g
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NSCE ISV CCW 3/ 4 IN DIA STAGE E AT 1 0 O' CLOCK , IS V CW AT 2 O'CLOCK 
1/2 IN DIA STAG£ E 

Nsc E T 1 •.• ,. ,:: ·-AS 'n' -_. r. • F' F' t: ·" F r ., ,., 
- :~ I - H - M • - " 1.:' 

(\; • J •. ::· 0 t ... ,'( -. BLA!JE , POSSIBLE 

NSCE IFV'S BECOM~NG SMALLER NOW 1 / 9 TO 1 / 4 IN DIA . THE AM OU NT OF 
AIR BUBBLES HAS R~MA I NED ABOUT lHE SAME FRUM STAR T OF TEST TU 
!HI= rOINT. 

N~ CE AMOUNT OF AIR BUBBLES DI~INlSHING AN~ FLASHING ON BLAUE 
1=-ECOMING LAF:G n :. 

NSC E I SWV ' S OCCURRING LESS OFTEN AND IBWV ' S NOW 1 / 16 I N DIA , IFV' S 
:~ o l<.· 1 : 1 ::: 1 o 1 ..- e ! u v 1 A , 

D ·~f E ~8 FEB 80 T! ME 1155 AIR TEMF 71 F WATER TEMF 57 F BAR PRESS. 29 . 85IN HG 

11-12 NSC E IBWV'S GO NE ON TEST RE ADI NG 41 2. 

13 
-- -·-·-·-----·-- -- -· .. -

NSCE ISWV S GONE • ALL ISV 'S GONE 
-· 0 CLOC~r STAGE E 8 IN FPDM CL 
? O' CLOCK 12 I N Ff~OH CL SHAFT. .. _ -- .~ ... - -

- - - -- - --- ... -
EXCEFT ISV CCW 3/4 IN DIA AT 

PUMP SHAFT AND lSV 31 4 I N DIA AT 

- ----- ~·-

14 NSCE THE I FV'S OCCURR ING AL L AROUN D BELL CP CO NE AT A TI ME>. 

----- ~~ --- - - -- ·---- --- ~·· - -- -·-· - ·---
NSCE lSV CCW 1/~ lN DIA AT 4 O' CLOCK 12 I N FRUM ~·UMP CL. 

.1. C.• NSCE I S•J S BE.COM I NG _SMAI:-.h_ER_ AND _O C~l,JRR I NG LES~_F~:ECWENJ_•_ - ---- -. 

17 THE SUB ME RGENCE LEVEL HA S BEEN VE RY DI FF I CUL T TO MA I NTAIN DURI NG 
THIS TE!?..I.._.l•UE TO THE HY[IRf!Uk-J:C_ J\.)tlf.:• .- NSC _ON- tl 7 _E~CEF'_T_ se_~_AY ----·-·
E~PULSIONS FROM PUMP BELL REACHING TC FLOOR . 

liATE 2e FE& 30 TIME 1250 ~lR 1EMF 71 F WAT~k TEMP 58 F B~R. PR~SS . 

29 . 80 IN HG 

Figure 204. Test run 100-H13-008-0.0; visual observation notes; 
pump 1, Test H13, sump 8, submergence 0.47D 
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Figure 205. Test run 100-H14-008-2.6; visual observation notes; 
pump 1, Test H14, sump 8, submergence 2.47D 
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Figure 206. Test run 100-H15-008-1.3; visual observation notes; 
pump 1, Test HIS, sump 8, submergence 1.47D 



VJ ..... 
.$!'-

PUMP EFFICIENCY 
TOTAL AREA ABSOLUTE AREA 17727.50 

TEST CURVE 
MAX Y = 73.39 , X = 1811.88 
MIN Y = 16.20 , X= 2987.62 
MEANY = 62.38 , X= 2331.57 

SIGNATURE CURVE 
MAX Y = 77.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEANY= 69.74 , X= 2529.77 

SHAFT HORSEPOWER 
TOTAL AREA -2291.91 ABSOLUTE AREA 2388.20 

TEST CURVE 
MAX y = 16.34 , X = 1634.16 
MIN y = 9.33 , X= 2987.62 
MEANY = 14.60 , X = 2159.90 

SIGNATURE CURVE 
MAX y = 16.14 , X= 1571.78 
MIN y = 12.27 , X= 2987.62 
MEAN Y = 15.51 , X = 2311.99 

ABS VELOCITY, IPS 
TOTAL AREA 304.03 ABSOLUTE AREA 306.92 

TEST CURVE 
MAX Y = 0.68 , X= 2987.62 
MIN Y = 0.17 , X = 1460.40 
MEAN Y = 0.27 , X = 2381.96 

SIGNATURE CURVE 
MAX Y = 0.21 , X = 1300.00 
MIN Y = 0.11 , X= 2987.62 
MEANY = 0.14 , X= 2419.83 

NOISE LB/SQ IN 
TOTAL AREA 1432.10 ABSOLUTE AREA 1511.68 

TEST CURVE 
MAX Y = 2.22 , X = 1300.00 
MIN Y = 0.20 , X= 2987.62 
MEANY = 1.52 , X= 2660.35 

SIGNATURE CURVE 
MAX Y = 1.02 , X= 1300.00 
MIN Y = 0.47 , X= 1629.70 
MEAN Y = 0.62 , X = 2638.57 

TOTAL HEAD 
TOTAL AREA -5835.64 ABSOLUTE AREA 5835.64 

TEST CURVE 
MAX y = 29.74 , X = 1393.56 
MIN y = 2.16 , X= 2987.62 
MEAN Y = 21.41 , X = 2034.05 

SIGNATURE CURVE 
MAX y = 30.36 , X= 1317.82 
MIN y = 7.10 , X= 2987.62 
MEANY = 23.91 , X = 2043.45 

Figure 207. Test run 100-Hl3-008-0.0; statistical comparison; pump 1, 
Test Hl3, sump 8, submergence 0.47D 
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PUMP EFFICIENCY 
TOTAL AREA -292.18 ABSOLUTE AREA 497.53 

TEST CURVE 
MAX Y = 77.60 , X= 2022.28 
MIN Y = 43.93 , X= 2987.62 
MEANY = 71.68 , X = 2453.02 

SIGNATURE CURVE 
MAX Y = 77.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEANY= 44.36 , X= 2460.73 

SHAFT HORSEPOWER 
TOTAL AREA -285.92 ABSOLUTE AREA 285.92 

TEST CURVE 
MAX y = 15.90 , X = 1692.08 
MIN y = 12.00 , X= 2987.62 
MEANY = 15.33 , X = 2309.39 

SIGNATURE CURVE 
MAX y = 16.14 , X = 1600.00 
MIN y - 12.27 , X= 2987.62 
MEAN Y = 15.51 , X = 2300.66 

TEST CURVE 
MAX Y = 0.16 , X= 2084.16 
MIN Y - 0.11 , X= 2987.62 
MEANY = 0.15 , X= 2526.95 

SIGNATURE CURVE 
MAX Y = 0.15 , X= 2158.42 
MIN Y- 0.11 , X= 2987.62 
MEANY= 0.14 , X= 2619.20 

NOISE LB/SQ IN 
TOTAL AREA -116.04 ABSOLUTE AREA 116.04 

TEST CURVE 
MAX Y = 0.87 , X= 2987.62 
MIN Y - 0.44 , X = 1935.64 
MEANY- 0.51 , X= 2576.77 

SIGNATURE CURVE 
MAX Y = 0.93 , X= 2987.62 
MIN Y = 0.47 , X= 1631.19 
MEANY = 0.56 , X = 2571.52 

TOTAL HEAD 
TOTAL AREA -411.29 ABSOLUTE AREA 411.29 

TEST CURVE 
MAX y = 28.69 , X = 1600.00 
MIN y = 6.89 , X= 2987.62 
MEANY = 23.06 , X= 2085.75 

SIGNATURE CURVE 
MAX y = 29.07 , X = 1600.00 
MIN y = 7.10 

' 
X= 2987.62 

MEAN Y = 23.39 ' X = 2081.24 

Figure 208. Test run 100-H14-008-2.6; statistical comparison; pump 1, 
Test H14, sump 8, submergence 2.47D 



IJ,J 
...... 
0\ 

PUMP EFFICIENCY 
TOTAL AREA 68.62 ABSOLUTE AREA 451.51 

TEST CURVE 
MAX Y = 77.85 , X= 2022.28 
MIN Y = 45.15 , X= 2987.62 
MEANY = 71.86 , X= 2449.10 

SIGNATURE CURVE 
MAX Y = 77.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEANY= 71.86 , X= 2460.73 

SHAFT HORSEPOWER 
TOTAL AREA -352.75 ABSOLUTE AREA 352.75 

TEST CURVE 
MAX y = 15.94 , X = 1600.00 
MIN y = 12.11 , X= 2987.62 
MEANY = 15.31 , X= 2266.11 

SIGNATURE CURVE 
MAX y = 16.14 , X = 1600.00 
MIN y = 12.27 , X= 2987.62 
MEANY = 15.54 , X ~ 2300~66 

ABS VELOCITY, IPS 
TOTAL AREA -11.20 ABSOLUTE AREA 20.84 

TEST CURVE 
MAX Y = 0.15 , X= 1600.00 
MIN Y = 0.12 , X= 2381.19 
MEANY - 0.14 , X= 2938.31 

SIGNATURE CURVE 
MAX Y - 0.15 , X= 2158.42 
MIN Y- 0.11 , X= 2987.62 
MEANY = 0.14 , X= 2619.20 

NOISE LB/SQ IN 
TOTAL AREA 18.96 ABSOLUTE AREA 43.40 

TEST CURVE 
MAX Y = 1.01 , X= 2987.62 
MIN Y = 0.54 , X= 2047.03 
MEANY= 0.61 , X= 2647.61 

SIGNATURE CURVE 
MAX Y = 0.93 , X= 2987.62 
MIN Y = 0.47 , X= 1631.19 
MEANY = 0.56 , X= 2571.52 

TOTAL HEAD 
TOTAL AREA -399.02 ABSOLUTE AREA 400.39 

TEST CURVE 
MAX y = 28.72 , X = 1600.00 
MIN y = 7.15 , X= 2987.62 
MEAN Y = 23.08 , X = 2083.31 

SIGNATURE CURVE 
MAX y = 29.07 , X = 1600.00 
MIN y = 7.10 X-' - 2987.62 
MEAN Y = 23 • 3 9 ' X = 2081.24 

Figure 209. Test run 100-HlS-008-2.6; statistical comparison; pump 1, 
Test HIS, sump 8, submergence 2.47D 



: -----HORSEPOWtR------ : 
G HW HS HV Hl : : HPM 

DIS- : SUBMER- :SlAliC : VELOCITY : lOTAL : 1 :INPUT 
READ : CHARGE : GENCE : HEAD : HEAD : HEAD : TORQUE : E : I :MOTOR 

NO .: GPM FT Fl FT FT : Fl/LB : VOLlS : AMPS : HP 

HPS 
SHAFT 

Hf-' 

HPW : EM : FP : W : 
WAlER : MOlOR : PUMP : SHA~l : 

: EFF : EFF : SPEED : 
HP : Z Z : RPM : 

PUMP 
: NOISE : PCFT> 

VELOCITY : PSI : PRESSURE 
IPS : *10-4 : FLUC1UATION 

RMS : !MAXI : RMS : MIN : MAX 
---- ------ ------- ------ -------- ----- ------ ----- -·--- --------------------- ----- ---- ----- ------------ ----- -----------

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
8 
8 
8 

2586 . 
2615 . 
"63" ... L. . 

2605. 
2613 . 
2 407 
2377 . 
2360 . 
2370. 
2375 
2355 . 
2353 . 
2359 . 
2366. 
2354 . 
;':' 287 
2261 . 
2241 . 
"'">39 ,;, " . 
"',., ,., 4 
lt-L..t.. • 

2154 
2 137. 
2123 . 
2 119 . 
2 12 4 . 
1972. 
1973 . 
1978 . 
1996 . 
2000 . 
1860 . 
1135'1 . 
1875 
1881 . 
1891 . 
18 19 . 
1827 . 
1832 . 
1830 . 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 
0 . 
0 . 
0 . 
0 . 
0. 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 
0 . 
0 . 
0 . 
0 . 
0 
0 . 
0 . 
0 . 
0 . 
0 . 
0 
0 . 
0 . 
0. 
0 . 
0 . 
0 

-0 . 3 
-·0 . 4 
-·0 . 4 
-() 5 
- 0 . 4 

2 . 3 

") 1 .... 
·:- 3 
L. • 

~) 4 
L. • 

3.3 
3 . 1 
3 . :~ 
3 . 4 
3 . 4 

10 4 
9 . 9 
9 .7 
9 . 6 
9 . 6 
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Figure 210. Test run 100-Rl3-008-0.0; research data; pump 1, Test R13, 
sump 8, submergence 0.47D (Continued) 
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Figure 210. (Concluded) 
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Figure 211. Test run 100-R14-008-2.6; research data; pump 1, Test R14, 
sump 8, submergence 2.47D (Continued) 
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Figure 211. (Concluded) 
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Figure 212. Test run 100-H15-008-1.3; research data; pump 1, Test HlS, 
sump 8, submergence 1.47D (Continued) 
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pump 1, Test H17, sump 9, submergence 1.47D 
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Figure 217. Test run 100-H16-009-2.6; visual observation 
pump 1, Test H16, sump 9, submergence 2.47D 
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+I_I :S: T 

PUMPS RUN SUMP SUBMERGENCE 
100 H17 009 1 ..... 

• ·=· 
-t 

DATE 14 MAR 80 TIME 1325 AIR TEMP 69 F WATER TEMP 60 F BAR. PRESS. 30.18IN HG 

01 IFV CCW 1/ 8 IN DJA, LOCATION VARYING BUT MOSTLY AT 11 O' CLOCK & WITHIN 
3 IN. OF PUMP CP. SBWV ' S AT 5:30 CCW & 6:30 CW BOTH 1/ 8 IN biA. I SV CW 
1 Hi IliA. AT 3 TO 5 o··· cLOCK :S:TAGE E, I S: ' .. ·' CCI.t.l AT :=: O'. CLOCK :S.TAGE E. t·lAt·fl 
OTHER SV' S TRYING TO FROM ON EACH S IDE 1 TO 5 & 7 TO 11 0 / CLOC~ BUT 
SURFACE TURBULENCE IS SEVERE ENOUGH TO BREAK THEM UP BEFORE THEY HAVE 
TIME TO FULLY DEVELOP. 

02-04 NSCE (NO SIGNIFICANT CHANGE EXCEPT>ALL VORTEXES GETTING SMALLER & WEAK~R. 

05 t·ECE IS\·" S HOI.o.l 1.··-"4 Iti D I A. IF'·/ N0'-'.1 1.···· u:. IN D I A. 

06-07 tfSCE S:E:l•.IV AT 6: 3 0 0 ··· CLOCK EECO,..l HiG I BI..J'·.·"" S . T Itfl FLASH ItiG APPEFtt;.: I t~G Dt·i 
TIP OF PROPELLER BLADE, POSSIBLE CAVITATION. 

08 NSCE IFV GONE. 

o·;. NSCE SV / S NOW 1/ 4 IN DIA & BECOMING STAGE D. SBWV·S NOW 1/ 16 IN DIA. 

10-11 NSCE SURFACE TURBULENCE BECOMING LESS SEVERE. FLASHING ON BLADE BECOMING 
t·1UCH LARGEJ;,~ . 

DATE 14 MAR 80 TIME 1425 AIR TEMP 68 F WATER TEMP 60 F BAR. PRESS . 8 0.1 6 IN HG 

1·:;·- 1·:: 
L;. ·• 

NSCE SBWV 'S BECOMING IBWv ·s , SMALLER t WEAKER. I SV·S BECOMING STAGE c , 
WEAKER, & OCCURRINb LE~S FREQUENT . 

. 14 NSCE IBWV 'S NOW l / 32 INDIA. WATER SURFACE RELATIVEL Y CALM. SV/S BECOMING 
STAGE E:. 

15 n:sc. 

16 NS:CE ISY ' S NOW STAGE A & IBWV / S GON~. 

17 t·E t 'E SPRAY EXPULSIONS FRDr·l BELL F.:EACH I tiG TO SUMP FLOOR. 

DATE 14 MAR 80 TIME 1450 AIR TEMP 68 F WATER TEMP 60 F BAR. PRESS. 3 0. :16IN HG 

Figure 218. Test run 100-H17-009-1.3; visual observation notes; 
pump 1, Test Hl7, sump 9, submergence 1.47D 
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Fi gure 21 9 . Test run 100-H18-009-0.0; visual observation notes; 
pump 1, Test H18, sump 9, submergence 0.47D 
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•••PUMP EFF 1 C I Et iC Y 
TOTAL AREA -503 . 87 Ft:E::.OLI.rTE ftPER 

11AX Y = 
MIN Y -
MEAN Y = 

TEST CUPVE 
77. 12 ' :~ = 
44.64 ' ~< = 

71. S3 ' :x: = 
• • • 

,.., n -. ·:) 2 o 
C. .. C.L • •-• 
-=•Q C•7 t" .-, 
L.. - ·-·. • ·C... 

-·44q .: 1 c. -· • ..-_. 

SIGNATURE CUPVE 
7-( ~1 ' v. = 2034.65 • • ,_ r·. ;· .. rtAX Y = 

f.:! ·MIN Y = .. 

.. 

MEAN Y = 
44.36 

71.86 
• \t = • • • , .. -, ,., -

2987.62 
. -.4 .- n ........ c. '=• . • (.~ 

•••SHAFT HORSEPOWER 
TOTAL APEA -164.70 ABSOLUTE APEA 

MAX Y = 
MIN Y = 
MEAN Y = 

MAX Y = 
MIN Y = 
MEAN Y = 

. . . . 

MAX Y z: 

MIN Y = 
MEAN Y = 

MAX Y = 
MIN Y = 
MEAN Y = 

TEST CUR\·'E 
1 ~ 4·-· ·-· · ... - ~ 
12. 1E· 

15.41 

X -~ -. . -
~ ,><, -

• .. • -. .·. -. . . 
• • • 

S: IGNATIJP.E 
u: .. 14 ' :~ = . 
12.27 

15.54 
' I -' ,: . -

•,.• -' ···. -

1- .r .-. ~(j ( r:·c. • .._ .. ~ 

.- . ·:• (I~ q ':( c. ._. - ( . ... · ·-

C UP'·:'E 
16 0(1.(1(1 

. -. ·:: (I ,., {:, h C.--- · --

•••ABS VELOCITY,IPS 
16.33 AF: OLUTE AP~A 

TEST CURVE 
0. 15 
(1. 13 

0. 15 

... -. )'. -
• • • . . -
• Y. -• • 

'J -' '' -• • • 
S I GtiATURE 

0. 1 S ' X = 
0 11 'x' -. ' .. -

0. 14 ' X = 

1 Q '47 c; .-. -·· ·· -C. 
-··~ ·:i ..., .: ~ c. ... ·-· ( • -=· '-

-.4 7{·:· ~·Q c. -L..• -1-

C IJR'v'E 
2 158 .42 
·=· ·:. lj '-:-" ;- ~ 
'- -· C• t • f:•L. 

- , 1 r -. r 1 c:: '=· 'j • c. ·~ 

••• 
'3 19. 3 5 

••• 
164.70 

••• 
1 .L .-, '? 

'=' • . :,. ·-· 

TuTAL RPEA 

MAX Y = 
MiN Y = 
f'1 r- AN Y = 

MAX Y ::: 
MIN Y = 
MEAN Y = 

•••tiD I SE Lf: ,-·· Itf••2 
-64.~9 AB: OLUTE APEA 

0. ·~5 
0. 4 ·~ 

0.5'? 

'x• -' ' ' -
•• 

' 

X = • • 
• • . " -,.. -

-=· t H·-:. 1 ~ 
"'- -""-' • I 

-=·-:o-n·~ ..,.:=:: 
L- I -- • • I -• 

• • • 
SIGNATUPE CUP'v'E 

0.9:::: 
0.47 

- C' .-

'-'. ·-''=• 

. . -. .~ -. . . 
• ·~=· = . . . 

• • 
~ .=·=. -

1 .L ·-:> 1 1'~ r.:• ·-· • -c 
.-, c- -, J e .-, 
.:.. ·-· , · • • _ 1 L. 

•••TOTAL HEAit 
TOTAL AREA - 344.62 ABSOLUTE APEA 

"'1 - ,.. . . 
, . :~ ·"'· y = 
MIN Y = 
f'lE::AN 'r' = 

,.1 - .. • . H.><, r = 
f'li N 'i = 
t1EAN Y = 

TE'S'T CUPVE 
·=·~· -.4 
'- ·-· . ' .... - -. 

I • 1_1 ( 

-.. -. 1 (I c. ..:- . • 

•• . •.· -.·. -
•.• -. ,.-., -

• • . •.· -.. -. .. 
1.:.oo. oo 

-~ •=t L • ~ .- .- , .::. .... -=· .. • '=·c. 
·:· ,-,.:. ·:· 4 G 
L.. - ·-·L.. • • • 

• • • 
SIGNATUP-E CURVE 

29.0;" 
7. 10 
2 ":• .-.q . ..... .. ·~. 

. . -• X -. . . 
• • 

• :-< = . . . 
v -. .. -. .. 

1600. 00 
., -.:, .-. ""':" .- .-. 
C. -· •:• I • t_:, C. 

2 o::: 1 • 24 

••• .-.c -.-
·:.· -· . .::. . 

. , 

••• 
344.62 

>. 
• 

Figure 220. Test run 100-Hl6-009-2.6; statistical comparison; 
pump 1, Test H16, sump 9, submergence 2.47D 
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. . 
•••PUMP EFFICIENCY 

TOTAL AREA -1445.57 ABSOLUTE AREA 

.. TEST CURVE 
MAX v - 76.89 - ' 

')(' 
•• - 2009.90 

. I'll f'f y = 42.14 ' 
•• ,"!<., - .-.q p,~ €~ 

.:. ... -· t • ''-

MEAN y - 71. 14 ' 
'x - 2442.28 • • -

• • • 
~- I GNATUPE CU~VE 

MAX y 77.31 ' I -=· o~4 f-. 5 - ' .... - "- - · -
MIN y - 44.36 ').,' ..... ~8~ .. -- ' . ' - .:. .. , • t.c 
MEAN y - 71.86 ' :>c: - 2460.73 -

•••SHAFT HORSEPOWER 
TOTAL AREA -356.64 ABSOLUTE AREA 

MAX Y = 
M I ti ... ,~ = 
MEAN Y = 

MAX Y = 
MIN Y = 
MEAN Y = 

• 

TOT~l:. AREA 

MAX Y == 
MIN Y = 
MEAN Y = 

. 
MAX Y = 
I'll N Y = 
MEAN Y = 

TEST CU~'VE 
15. :?.9 
12.09 

15. :3(1 
' ::-~ = 

• .. • -' .. ·.• -
• • • 

1686.14 
·=··:, 8..,. .- .--, ..... • • • t:>c. 

2280.47 

S I GtiATUPE CURVE 
16.14 , X = 16 00 . 0 0 
1 -. . -.... .:..c..-

15.54 

' . 
' 

•.- -,· . -. ' 
' 

" = ' ' 

- .. :, L• 7 .- -, 
.:. •• C• I • t •.:. 

2 :3 00.66 

•••ABS VELDCITY,IPS 
0.27 ABSOLUTE APEA 

TEST CURVE 
(1. 15 
I) . 13 

(1. 14 

\/ -' ~ ·. -
' I ,. ,>., = 

• • • 

lE. fi O. 00 
;:·78 ·~. 6 o 
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.. .. t • -· 

$ I GtiATUF\'E ( U~VE 
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Figure 221. Test run 100-H17-009-1.3; statistical comparison; 
pump 1, Test H17, sump 9, submergence 1.47D 



••~F'U~lF' Er F I C 1 EtiC'r' 
TOTAL AREA -1 8 93 . 3 0 AB~ DLUTE AREA 

. . 
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·.: MIN Y = .. .. 
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"' t . ,. 
~. 

/• 
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Figure 222. Test run 100-H18-009-0.0; statistical comparison; 
pump 1, Test H18, sump 9, submergence 0.47D 



~ :-----HORSEPOWER------: 
Q : tfW · ;· HS HV HT : : HPM Hf'S Hf'W : EM : Ef' : W 
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0 . 047 0 118 
0 . 054 0 . 159 
0 . 057 0 154 
0 . 056 0 . 152 
0 . 051 0 . 129 
0 . 057 0 . 191 
0 . 045 0 . 127 
0 . 051 0 . 140 
0 . 062 0 . 146 
0 . 052 0 . 144 
0 . 055 0 . 152 
0 . 059 0 . 158 
0 . 056 0 . 17 1 
0 . 055 0 . 141 
0 . 051 0 . 164 
0 . 055 0 . 135 
0 . 056 0 . 165 
0 . 049 0 . 134 
0 . 052 
0 . 055 
0 . 063 
0 . 051 
0 . 052 
0 . 056 
0 . 054 
0 . 064 
0 . 062 
0 . 051 
0 . 052 
0 . 055 
0 . 056 
0 . 070 
0 .071 
0 . 075 
0 . 071 
0 . 071 
0 . 113 
0 . 106 
0 . 101 
0 . 100 
0 . 110 
0 . 125 
0 128 
0. 128 
0 . 128 
0 . 116 

0 . 128 
0 145 
0 . 182 
0 147 
0 17 1 
0 . 152 
0 . 157 
0 . 164 
0 181 
0 . 139 
0 . 140 
0 184 
0 . 157 
0 . .,., 4 

. L.L. 

0 . 2 12 
0 . 2 18 
0 . 210 
0 .,~..-/· 

• L. L. 

0 . 329 
0 321 
0 336 
0 . 336 
0 . 323 
0 394 
0 . 478 
0 . 384 
0 . 439 
0 . 45 4 

0 . 48 
0 55 
0 . 55 
0 . 5 4 
0 5 4 
0 . 57 
0 . 59 
0 55 
0 c··7 

• "'J 

0 .64 
0 . 5 4 
0 .53 
0 . 56 
0 . 53 
0 

.,.., . ~ ... 
0 . 53 
0 56 
0 . 56 
0 53 
0 . 50 
0 . 62 
0 5 4 
0 55 
0 56 
0 . 56 
0 56 
0 69 
0 . 72 
0 71 
0 72 
0 76 
1. ~1 
1 . 18 
1 19 
1 29 
1 . 23 
1 93 
1 93 
1 . 93 
2 01 
1 90 
2 . 30 
2 23 
2 25 
2 20 
~ 29 

3 . 29 3 . 73 
3 58 3 74 
3 . 56 3 .73 
3 . 48 3 7 1 
:3 . 60 3 . 72 
3 . 52 3 . 73 
3 . 12 3 . 76 
3 . 60 3 7 4 
3 . 60 3 7 4 
3 57 3 . 7 4 
3 . 58 3 . 76 
3 . 06 3 . 7 5 
3 . 59 3 . 77 
3 . 60 3 .75 
3.62 3 . 77 
3 . 62 3 . 7 8 
3 51 3 . 77 
3 . 59 3 . 78 
3 56 3 .79 
3 . 61 3 77 
3 55 3 .78 
3 58 3 . 80 
3 . 56 3 . 7 9 
3 . 5 1 3 . 78 
3 46 3 8 1 
3 . 57 3 . 81 
3 . 55 3 . 8 4 
3 . 56 3 . 88 
3 49 3 . 8 8 
3 .53 3 84 
3 . 53 3 . 86 
3 25 4 . 16 
3 . 20 4 .27 
3 . 10 4 . 32 
3 . 19 4 . 21 
3 . 28 4 . 07 
2 .58 4 70 
2 . 35 4 . 66 
2 41 4 69 
2 64 4 . 80 
2 . 40 4 .68 
2 . 37 4 . 7 1 
., "7 4 8" L. . L. . ... 

2 42 4 . 78 
2 40 4 73 
~ 62 4 .95 
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: NOISE : P<FT> 

VELOCITY : PSI : PRESSURE 
IPS :*10-4:FLUCTUATION 

NO : GPH Fl FT FT Fl · Fl/LB :VOLTS : AMPS : HP HP HP : Z Z : RPM : RMS : IMAXI : RMS : MIN : MAX 
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1 
1 
1 
1 
1 
2 
2 ., .... 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
C' 
~~ 

5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
8 
B 
8 

2854. 
2861. 
2855 
2855 . 
2859 . 
2698. 
2704. 
2697. 
2698 . 
2701 . 
2~48 . 

2544 . 
2546 . 
.,.,. .. 0 
L. ~ ... , • 

2549 
2 400 
2398 
2400 . 
2398 
2 4 03 
2300 
2303 . 
2303 
2298 . 
2301 . 
2203 . 
::~197 . 
., ''0'3 
L . .1- "'" • 

2198 . 
2202 . 
2108 . 
2106 
210'5 . 
2107 . 
2105 . 
1992 . 
1990 
1990 . 
1991 

1 . 3 
1 . 3 
1 . 3 
1 . 3 
1 . 3 
1 3 
1 . 3 
1 . 3 
1 . 3 
1 3 
1.3 
l.3 
1.3 
1 3 
1.3 
1 . 3 
1 3 
1 . 3 
1. 3 
1 3 
1 3 
l . 3 
1 3 
1 . 3 
1 . 3 
1 3 
1.3 
1 . 3 
1 3 
1 .3 
]..3 

1.3 
1 . 3 
1 .3 
l . 3 
1.3 
l.3 
1 . 3 
1 . 3 

0.8 
0 . 8 
0 8 
0 . 8 
0 . 8 
4 . 3 
4 ") . .... 
4 ~. 

. L . 

4 ., . .... 
4 . 3 
7 .3 
7 . 3 
7 3 
'7 . 4 
7 4 

10 . 0 
10 0 
10.0 
10 . 0 
10 . 0 
11 . 7 
11 B 
11. 8 
11 . 8 
11 . 8 
13 . 5 
13 .5 
13 . 5 
13 ~ 
13 . 5 
1.5 . 0 
15 0 
15 0 
15 . 0 
15 . 0 
16 . 7 
16 7 
16 7 
16 I 

'2 1 
·~ 1 A.:. • 

2 1 
,.._, 1 ... . 
., 1 
f. 

1 . 9 
1 9 
1 . 9 
1 . 9 
1.9 
1 . 7 
l . 7 
1 7 
1 7 
1 . 7 
1 c: 

,,.} 

1 5 
1 c:; 

. ·' 

9 . 204 
9 . 206 
9 205 
9 . 234 
9 . 243 

12 469 
12 397 
12 . 42~ 
1 ., 4 ')10:' 

£ , • L. ~J 

12 461 
1 c .-. •o 

...J , .~ 07 

1C:' 3'" 1 
'") 0 L. 

15 . 302 
15 . 358 
15 . 350 
17 . 804 
17 746 
17 . 788 

1 5 17 75~' 

1 5 17 . 788 
1 . 4 1 'l 407 
1 . 4 1'1 436 
1. 4 19 466 
1 4 19 430 
]..4 19 . 4 74 
l 3 2 1 019 
1.3 ? 1 o:32 
:1 3 21 . ()49 
l 3 21 033 
l 3 21 . 028 
l •. , ·> ·~ 4 c '3 

.i.. I- .. ~. • ...J'" 

1 . 2 22 411 
l 1 
1 

., 
• A •• 

1.1 
1 . 0 

?2 . 460 
.,., 41 '',\ .. :.~ '·· 
~~· 400 
~ 4 049 

J. 0 ?4 
1 . 0 ::'4 
1 () ~~.~~ 

047 
06"1 
048 

38 4 
38 . ~.} 
38 . 5 
38 5 
38 . 6 
40 8 
40 . 7 
40 6 
40 . 6 
40 7 
42 . 6 
4 2 8 
42 13 
42 . 9 
42 . <jl 

44 4 
44 . 3 
44.3 
44 2 
44 3 
4 5 . t 
4 "' -· J . ' 

4~ . 3 
45 3 
45 3 
45 8 
45 n 
4~1 . 9 
45 9 
4 5 8 
46 . 4 
46 . :~ 
46 4 
46 4 
46 .3 
46 7 
46 . 6 
46 . "1 
46 6 

487 
487 . 
487 
487 . 
48"1 . 
48/ . 
487 
487 . 
487 . 
487 
487 . 
48 '7 . 
48 7 
487 . 
4B7 . 
4B7. 
48/ 
4B7 
487 . 
487 
41:17 
487 . 
487 . 
487 . 
48'7 . 
487. 
487 
4B7 
407 
48 7. 
48'7 
487 . 
487 
4B7 
413'7 . 
488 
487. 
4fl'7 
487 

16 . 5 
16 . 5 
16 . 5 
16 5 
16 . 5 
16 7 
16 7 
16 . 7 
16 . 7 
16 7 
1/ 0 
1'1 0 
1 / 0 
17 . 0 
1'1 . 0 
17 ~· 
17 2 
17 . 2 
17 . 2 
17 2 
17 . 2 
17 . 3 
17 3 
17 3 
17 . 3 
17 . 3 
17 3 
17 . ~3 
1 / 3 
17 3 
17.4 
1'7 4 
17 . 4 
17 . 4 
1'7 4 
1/ . 4 
17 . 4 
1'7 . 4 
17 4 

113 . 6 
18.6 
18 . 6 
18 . 6 
18 . 6 
1H 9 
18 9 
1.8 . 9 
1B 9 
1B 9 
19 . 2 
1 D ''.\ 

I , L . 

19 . 2 
19 2 
19 . 2 
l '7 4 
19 . 4 
l '7 4 
19 4 
19 . 4 
l9 . 5 
'I '1 c . . . .J 

19 . 5 
19 . 5 
1 0 c • , • •• J 

1.9 . 6 
19 6 
l 11 . 6 
19 . 6 
19 6 
19 . 6 
19 . 7 
19 7 
19 . 7 
l 11 7 
19 . '7 
19 . 7 
1 '7 . 7 
1.9 . 7 

13 . 0 
13 . 0 
13 . 0 
13 . 0 
13 . 0 
13 . 8 
13 8 
l.3 . 7 
13 . 7 
13 8 
14 . 4 
14 . 4 
14 . 5 
14 5 
1.4 . 5 

. 15 . 0 
15 0 
15 . 0 
14 . 9 
15 . 0 
1 "' ~. .J . ~· 

l •. '3 . . ;, . ... 
1~ .:~ 

15 . 3 
15 . 3 
15 . 5 
1 r;:' C' 
~ . .,., 

1 ~~ 5 
1 c, ., -. ""' 
15 . 5 
15 . 7 
1 c; '7 ~~ . 

15 . 7 
1 1:' '7 ,.} . 
15 . 6 
l c U ,.} . 
15 . 7 
15.8 
15 . 7 

6 6 
6.7 
6 . 6 
6 . 7 
6 . 7 
B . :;:, 
8 5 
8 :;:, 
8 ... 

. ;;J 

8 5 
9 . 8 
'7. 9 
'7 . 8 
9 . 9 
9 . 9 

10 . 8 
10 . 8 
10 . 8 
10 8 
10 8 
11. 3 
u 3 
11. 3 
11 . 3 
11. 3 
11. 7 
11 7 
11. 7 
11. l 
11. 7 
12 . 0 
11. 9 
12 0 
11 . 9 
11.9 
12 . 1 
1.? 1 
1 '',\ 1 ... 
12 1 

69 . 7 
69 . 8 
69 8 
69 . 8 
69 . 9 
n~ . o 
72 8 
7 -.• '7 ... .. 
72 . 7 
72 8 
75 . 1 
7 0::' '3 J. ' 

'7~ . 4 
75 . 4 
7~. 4 

51 2 
51.2 
51. 1 
51. 3 
0::' 1 ~ ..., . ""' 
61 . 7 
61.6 
61. 8 
61.7 
61 . 9 
68 . 3 
613.2 
68 0 
68 3 
68 . 3 

Ti ~~ 72.0 
77 . 1 7 1 . 9 
77 . 2 72 . 1 
77 . 1 72 . 0 
77 ") 7,..) ' ',l . .... ... . .... 
78 . 3 / 4 1 
7B . 4 '7 4 . 0 
78 . ~ '7 4 . 0 
78 . 4 73 . 8 
713.5 7 4 . 0 
79 . 1 75 . 6 
79 . 1 75 . 4 
7 (/ '') •7c· 6 

• L . ..J . 

1775. 
1775. 
1775 . 
1775 . 
1775. 
1775 . 
1775. 
1775 . 
1775 . 
1 '775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1775 . 
1 7/::,. 
17'75 . 
1775 . 
1775 . 
1 7'/5 . 
1775 . 
1'7'75 . 

7"1 . 3 75 . 3 1'7'75. 
79 . 1 75 6 1 775 . 
79 . 8 '76. 4 1775. 
7'1. 7 76 . 2 1775 . 
79 7 76 . 3 17'75 . 
79. 7 7 6. 2 1 7'75. 
7"1 . 6 76 . 2 1'775 . 
80 . 0 76 . 8 1775 . 
79 . 9 76 . 8 1775 . 
BO . 1 76.8 1'775 . 
00.0 76 . 9 1775 . 

0. 043 0. 111 
0 . 046 0.149 
0.044 0.138 
0 . 040 0 . 112 
0 045 0.123 
0. 044 0. 1~~0 
0 047 0 129 
0 . 044 0 123 
0. 049 0. 15~? 
0 . 042 0 . 150 
0 . 046 0 . 135 
0.045 0.120 
0.053 0.174 
0 . 044 0 . 13'1 
0 . 050 0.162 
0 . 045 0 . 124 
0 044 0 . 114 
0 . 046 0 . 125 
0 . 045 0 . 130 
0 056 0 . 173 
0 . 047 0 . 1?3 
0 . 050 0.150 
0 . 047 0 . 130 
0 . 053 0 . 147 
0 . 046 0 . 117 
0 . 042 0 . 114 
0 . 047 0 . 141 
0.047 0.138 
0 . 054 0. 139 
0 . 051 0 . 150 
0 . 049 0.172 
0.043 0 . 121 
0 . 041 0 . 11 7 
0 049 0 . 166 
o. o~,o o. 158 
0 . 048 0.124 
0 . 049 0 . 148 
0 . 047 0 . 139 
0 . 048 0 . 123 

0 .83 
0.69 
0 . 69 
0 . :::,9 
0 . 70 
0 . 83 
0 . 82 
0 . 57 
0 . 76 
0 . 74 
0 54 
0 . 52 
0 . 63 
0 . 55 
0 . 70 
0 "'' '"' . •. Jt: .. 

0.54 
0 . 4 7 
0 .50 
0 . 48 
0 . 4 7 
0 . 51 
0 . 4 7 
0 . 62 
0.49 
0 . 45 
0 . 44 
0.45 
0 . 48 
0 . 43 
0.49 
0 . ~j4 
0 . 51 
0 . 52 
0 c:;"> 

• -4 .• 

0 .53 
0 . 49 
0.51 
0 . 46 

1 . 45 2 . 43 
1 . 92 2 . 40 
1 . 14 2 40 
2 . 17 2 . 38 
1 . 89 2 . 41 
2 . 17 2 . 44 
2 . 03 2 . 4:j 
1 . 44 2 . 38 
1 . 2'/ 2 . 44 
1.86 2 . 4;~ 

2. 0 11 2 . 41 
1.52 
1 89 
1. 87 
2 . 03 
2 . 10 
") •:o 1 ... .... 
1. /6 
1. 76 
1 . 99 

2.41 
'> 4C' .... . ,.} 

2.42 
., 4 " ... . .... 
2 . 41 
2 . 40 
2 . 40 
2 . 40 
2 . 41 

2 . 04 2 . 41 
1 .74 ? . :~9 
2 . 00 2 4 2 
1 . 68 2 45 
2 . 03 2 . 41 
1 . 86 2 . 43 
1 . 87 2 . 40 
1. 80 2. :~6 
2 . 02 2 . 37 
2 . 15 2 . 39 
2 . 27 2.41 
1 . 69 2. :~9 
2.16 2 . 38 
2.01 2 . 38 
2 . 08 2 . 40 
?.08.., 4 .... - .L . ...J 

2 . 25 
") 1"" .L. • ..., 

2 . 19 

2.41 
2 . 40 
2 . 41 

Figure 224. Test run 100-Hl7-009-1.3; research data; pump 1, Test Hl7, 
sump 9, submergence 1.47D (Continued) 



8 
9 
9 
9 
9 

~ 9 
~ 

10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
1 '7 
17 
17 

1991 . 
1900. 
1897 . 
1901. 
1891. 
1901 . 
1795 . 
1798 . 
1799 . 
1800 . 
1799. 
1707 . 
1703. 
1701 . 
1705 
1 702 . 
1595 . 
1598 . 
1594 . 
1597. 
1595 . 
1446 . 
1452 . 
1447 . 
1446 . 
1449 
1303 . 
1305 . 
1303 . 
1301. 
1306 . 
1158 . 
1157 . 
1158. 
1157 . 
1154 . 
1010. 
1014 . 
101 2 . 
1012. 
1008 . 
848 . 
845 . 
847 . 
847 . 
848 . 

1 . 3 
1.3 
~ . 3 
1 .3 
1 . 3 
1.~ 
1 . 3 
1 . 3 
1.3 
1 . 3 
1 . 3 
1 . 3 
1 . 3 
1.3 
1 . 3 
1 . 3 
1.3 
1 . 3 
1 . 3 
1.3 
1 . 3 
1 . 3 
1.3 
1 . 3 
1.3 
1 . 3 
1.3 
1 . 3 
1 . 3 
1 . 3 
1 . 3 
1.3 
1 . 3 
1.3 
1.3 
1 . 3 
1.3 
1 . 3 
1.3 
1. 3 
1.3 
1.3 
1 . 3 
1 . 3 
1.3 
1.3 

16.7 
18.0 
18.0 
18.0 
18 . 0 
18 . 0 
19.4 
19.4 
19 . 4 
19 . 4 
19 . 4 
20.6 
20 . 6 
20 . 7 
20 . 7 
20.6 
21.6 
21 . 6 
21.6 
21. 6 
21. 6 
.... ., '7 
. :. L. • 

' '.l'") 6 
L . 4, 

':>') 7 ........ . 
':>':> 7 .......... . 
.......... 7 
L.. L.. 

23 . 0 
23 . 0 
23. 1 
23.0 
23.1 
22 . 6 
22.7 
22.8 
':>" 7 ......... 
22.7 
23.3 
23.4 
23.3 
23.3 
23.3 
24 . 9 
24.9 
24 . 9 
24.9 
.2 4 .8 

1 . 0 
0 . 9 
0.9 
0 . 9 
0 . 9 
0.9 
0.8 
0 . 8 
0 . 8 
0 . 8 
0 . 8 
0.8 
0 . 8 
0 . 8 
0 . 8 
0 . 8 
O. l 
0 . 7 
0 . 7 
O. l 

24 . 038 
':>"" " 6 -7 A..;:I • .L.. 

25 . 274 
"c:; -,c,8 .4. - . ..__ 

25 . 264 
25 . 258 
26 . 576 
26 . 559 
.26 . 570 
26 . 551 
26 . 550 
27 . 686 
27 . 682 
27 . 70 1 
2 7. 704 
27 . 68.2 
28.560 
28 . 572 
28 569 
'·' 8 c, ':> ") L. • _ .... 4. 

0 . 7 28 . :,40 
0 . 5 29 5 1 ~~ 

0 . 5 ?9 . 48'7 
0 . 5 29 . 503 
0 . 5 29 542 
0 . 5 29 . 525 
() . 4 ;-~ 9 . 790 
0.4 29 . 782 
0 . 4 29 . 800 
0 . 4 29 . 779 
0 . 4 29 . 867 
0 . 3 29 278 
0 . 3 29 . 307 
0 . 3 ?9 . 3 118 
0 . 3 29 297 
0 . 3 29 . 315 
0 . 3 29 . 905 
0.3 29 927 
0 . 3 '.;~ 9 . 906 
0 . 3 29 . 906 
0 . 3 ;:•<7 854 
0 . 2 31 . 347 
0 . 2 31 . 385 
0 . 2 31 356 
0 . 2 31 . 376 
0 . 2 31 336 

46 . 6 
46 . 6 
46 . 8 
46 . 7 
46 . 7 
46 . 7 
46 . 8 
46 . 9 
46 . 8 
46 . 8 
46 . 7 
4 '7 . 0 
47 . 1 
47 . 0 
47 1 
47 1 
47 . 1 
47 ~, .•.. 
47 2 
47 ~ 

4 7 2 
47. 0 
4 7 .0 
47. 1 
47 1 
47 2 
45 9 
45 . 9 
45 . 9 
45 . 9 
46 0 
43 6 
43 5 
43 6 
43 5 
43 4 
43 . 3 
43 .3 
43 3 
43 3 
4 3 2 
44 . 3 
44 . 3 
44 3 
44 . 3 
44 . 3 

487 . 
48'7 . 
487 . 
487 . 
487 . 
486 . 
487 . 
487 
487 . 
487 . 
487 . 
486 . 
486 . 
486 . 
486 . 
486 . 
486 . 
486 . 
486 . 
486 . 
486 . 
487 . 
487 . 
487 . 
487 . 
487 
489 . 
489 . 
489 . 
4 89 . 
489 . 
489 . 
489 . 
4B9 . 
489 . 
489 . 
490 . 
490 . 
490 . 
490 . 
490 . 
491 . 
491 . 
491. 
491 . 
491. 

17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 
17 . 4 

. 1 '7 . 4 
1 '7. 4 
17 . 4 
17 . 4 
17 4 
17 . 4 
17 . 5 
17 . 5 
17 . 5 
17 . 5 
17 . 5 
17 . 5 
17.5 
17 . 5 
1 '7 5 
17 . 5 
17 . 3 
17 . 3 
17 . 3 
17 . 3 
17 3 
1 7 1 
17 . 1 
1 '7 . 1 
17 . 1 
17 . 1 
17 . 1 
17 . 1 
17 . 1 
17 . 1 
17 . 1 
11 2 
17 .2 
1'7 ':> • L . 

1 '7 •:> . . ~-
1 '7 •:• 

• L. 

19 . 7 
19 . 6 
19 6 
19 6 
19 . 6 
19 . 6 
19 . 7 
19 . 7 
19 6 
19 . 7 
19 t.l 
19 . "/ 
19 7 
19 6 
19 6 
19 6 
19 . 7 
1 <,;> . 7 
19 . 7 
19 7 
19 7 
19 .7 
19 7 
19 7 
19 7 
19 7 
19 7 
19 7 
19 . 7 
19 . 7 
19 7 
19 4 
19 3 
19 4 
19 4 
19 . 4 
19 4 
19 4 
l. <,;> 4 
19 . 4 
19 4 
1 1i' 6 
19 . 6 
19 6 
19 . 6 
1 11 . 6 

15 . 7 
15 . 8 
1ti . B 
15 . 8 
15 .8 
15 . 8 
15 .8 
15 . 8 
15 . 8 
15 . 8 
15 8 
15.9 
15 . 9 
15 . 9 
15 9 
15 . 9 
15 . 9 
15 . 9 
16 . 0 
15 . 9 
1 ~~ 9 
15 . 9 
15 . 9 
15 . 9 
15 9 
15 ; 9 
15 5 
15 . 5 
1 c c: 

.J . ...J 

15 . 5 
1 5 6 
14 7 
14 .7 
14 . 7 
14 . 7 
14 . 7 
14 . 6 
14 6 
14 . 6 
14 A 
14 . 6 
15 . 0 
15 . 0 
15 . 0 
15 . 0 
15 . 0 

12 . 1 
12 . 1 
12. 1 
12 . 1 
12 . 1 
12. 1 
12 . 1 
12 . 1 
12 . 1 
12 . 1 
12 . 1 
11.9 
11. 9 
11.9 
11.9 
11 . 9 
11 . 5 
11 . 5 
11 . 5 
11. 5 
11 . 5 
10 8 
10 . 8 
10 .'8 
10 . 8 
10 8 

9 . 8 
9 . 8 
9 . 8 
9 . 8 
9 . 9 
8 . 6 
8 . 6 
8 . 6 
8 . 6 
8 . 6 
7 . 6 
7 . 7 
7 . 7 
? '7 
7. 6 
6 . 7 
6 . 7 
6 . 7 
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Figure 224. (Concluded) 
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Figure 225. Test run 100-H18-009-0.0; research data; pump 1, Test H18, 
sump 9, submergence 0.47D (Continued) 
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Figure 225. (Concluded) 
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pump 1, Test T03, sump 4, submergence 2.47D 
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Figure 231. Test run 100-T04-004-2.6; visual observation notes; 
pump 1, Test T04, sump 4, submergence 2.47D 
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Figure 232. Test run 100-TOS-004-2.6; visual observation notes; 
pump 1, Test TOS, sump 4, submergence 2.47D 



VJ 
~ 
0\ 

PUMP EFFICIENCY 
TOTAL AREA -238.43 ABSOLUTE AREA 1590.92 

TEST CURVE 
MAX Y = 78.23 , X= 1997.52 
MIN Y = 41.40 , X= 2987.62 
MEANY= 72.40 , X= 2426.71 

SIGNATURE CURVE 
MAX Y = 71.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEANY= 71.86 , X= 2460.73 

SHAFT HORSEPOWER 
TOTAL AREA -384.24 ABSOLUTE AREA 384.24 

TEST CURVE 
MAX y = 15.88 , X= 1699.50 
MIN y = 11.84 , X= 2987.62 
MEANy = 15.28 , X = 2303.97 

SIGNATURE CURVE 
MAX y = 16.14 , X = 1600.00 
MIN y = 12.27 , X= 2987.62 
MEANy = 15.54 , X = 2300.66 

ABS VELOCITY, IPS 
TOTAL AREA 3. 34 ABSOLUTE AREA 3. 41 

TEST CURVE 
MAX Y = 0.15 , X= 2059.41 
MIN Y = 0.11 , X= 2987.62 
MEANY= 0.14 , X= 2494.65 

SIGNATURE CURVE 
MAX Y = 0.15 , X= 2158.42 
MIN Y = 0.11 , X= 2987.62 
MEANY= 0.14 , X= 2619.20 

NOISE LB/SQ IN 
TOTAL AREA -7.06 ABSOLUTE AREA 37.75 

TEST CURVE 
MAX Y = 0.97 , X= 2987.62 
MIN Y = 0.54 , X = 1600.00 
MEAN Y = 0.59 , X = 2682.22 

SIGNATURE CURVE 
MAX Y = 0.93 , X= 2987.62 
MIN Y = 0.47 , X= 1631.19 
MEANY = 0.56 , X= 2571.52 

TOTAL HEAD 
TOTAL AREA -415.24 ABSOLUTE AREA 431.17 

TEST CURVE 
MAX y = 29.19 , X = 1600.00 
MIN y = 6.31 , X= 2987.62 
MEANY = 23.24 , X= 2082.16 

SIGNATURE CURVE 
MAX y = 29.07 , X = 1600.00 
MIN y = 7.10 , X= 2987.62 
MEANY = 23.39 , X= 2081.24 

Figure 233. Test run 100-T03-004-2.6; statistical comparison; 
pump 1, Test T03, sump 4, submergence 2.47D 



w 
~ 
--..J 

PUMP EFFICIENCY 
TOTAL AREA -462.48 ABSOLUTE AREA 727.24 

TEST CURVE 
MAX Y = 77.47 , X= 2009.90 
MIN Y = 43.46 , X= 2987.62 
MEAN Y = 71.83 , X = 2439.44 

SIGNATURE CURVE 
MAX Y = 77.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEAN Y = 71 • 8 6 , X = 2 4 6 0 • 7 3 ' 

SHAFT HORSEPOWER 
TOTAL AREA -158.59 ABSOLUTE AREA 158.59 

TEST CURVE 
MAX y = 15.98 , X = 1739.60 
MIN y = 12.21 , X= 2987.62 
MEANY = 15.42 , X = 2300.98 

SIGNATURE CURVE 
MAX y = 16.14 , X = 1600.00 
MIN y - 12.27 , X= 2987.62 
MEANY = 15.54 , X = 2300.66 

ABS VELOCITY, IPS 
TOTAL AREA -40.37 ABSOLUTE AREA 40.37 

TEST CURVE 
MAX Y = 0.11 , X= 2492.57 
MIN Y - 0.10 , X= 1600.00 
MEANY - 0.11 , X= 3164.45 

SIGNATURE CURVE 
MAX ~ = 0.15 , X= 2158.42 
MIN Y- 0.11 , X= 2987.62 
MEANY = 0.14 , X= 2619.20 

NOISE LB/SQ IN 
TOTAL AREA -99.42 ABSOLUTE AREA 99.42 

TEST CURVE 
MAX Y = 0.90 , X= 2987.62 
MIN Y - 0.43 , X = 1824.26 
MEAN Y = 0.50 , X = 2529.07 

SIGNATURE CURVE 
MAX Y = 0.93 , X= 2987.62 
MIN Y = 0.47 , X= 1631.19 
MEAN Y = 0.56 , X = 2571.52 

TOTAL HEAD 
TOTAL AREA -299.50 ABSOLUTE AREA 299.50 

TEST CURVE 
MAX y = 28.95 , X = 1600.00 
MIN y = 6.89 , X= 2987.62 
MEANY = 23.20 , X = 2082.33 

SIGNATURE CURVE 
MAX y = 29.07 , X = 1600.00 
MIN y = 7.10 , X= 2987.62 
MEANY = 23.39 ' X = 2081.24 

Figure 234. Test run 100-T04-004-2.6; statistical comparison; 
pump 1, Test T04, sump 4, submergence 2.47D 



w 
.p. 
00 

PUMP EFFICIENCY 
TOTAL AREA -1773.62 ABSOLUTE AREA 1773.62 

TEST CURVE 
MAX Y = 76.00 , X= 2009.90 
MIN Y = 43.53 , X= 2987.62 
MEANY= 70.78 , X= 2443.52 

SIGNATURE CURVE 
MAX Y = 77.31 , X= 2034.65 
MIN Y = 44.36 , X= 2987.62 
MEANY= 71.86 , X= 2460.73 

SHAFT HORSEPOWER 
TOTAL AREA 40.13 ABSOLUTE AREA 47.24 

TEST CURVE 
MAX y = 16.15 , X= 1811.88 
MIN y = 12.32 , X= 2987.62 
MEANy = 15.55 , X= 2311.08 

SIGNATURE CURVE 
MAX y = 16.14 , X = 1600.00 
MIN y = 12.27 , X= 2987.62 
MEAN Y = 15.54 , X = 2300.66 

ABS VELOCITY, IPS 
TOTAL AREA -31.24 ABSOLUTE AREA 31.24 

TEST CURVE 
MAX Y = 0.12 , X= 1948.02 
MIN Y = 0.09 , X= 2987.62 
MEANY = 0.12 , X= 2386.85 

SIGNATURE CURVE 
MAX Y - 0.15 , X = 2158.42 
MIN Y- 0.11 , X= 2987.62 
MEANY = 0.14 , X= 2619.20 

NOISE LB/SQ IN 
TOTAL AREA -104.68 ABSOLUTE AREA 109.85 

TEST CURVE 
MAX Y = 0.90 , X= 2987.62 
MIN Y = 0.47 , X = 2108.91 
MEAN Y - 0.53 , X = 2682.40 

SIGNATURE CURVE 
MAX Y- 0.93 , X= 2987.62 
MIN Y = 0.47 , X= 1631.19 
MEANY - 0.56 , X = 2571.52 

TOTAL HEAD 
TOTAL AREA -441.26 ABSOLUTE AREA 441.26 

TEST CURVE 
MAX y = 28.73 , X = 1600.00 
MIN y = 6.91 , X= 2987.62 
MEANY = 23.04 , X = 2081.25 

SIGNATURE CURVE 
MAX y = 29.07 , X = 1600.00 
MIN y = 7.10 , X= 2987.62 
MEAN Y = 23.39 , X = 2081.24 

Figure 235. Test run 100-T05-004-2.6; statistical comparison; 
pump 1, Test T05, sump 4, submergence 2.47D 
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Figure 236. Test run 100-T03-004-2.6; research data; pump 1, Test T03, 
sump 4, submergence 2.47D (Continued) 
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Figure 237. Test run 100-T04-004-2.6; research data; pump 1, Test T04, 
sump 4, submergence 2.47D (Continued) 
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18 () 
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19 . 4 
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16 . 0 
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11. 4 
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11 . 8 
11 . 8 
11 . 8 
11 . 8 
11 . 8 
12 . 1 
12 . 1 
12 . 1 
12. 1 

6 "7. 5 413 5 1775. 
67 6 48 7 1775 . 
6 7 6 48 7 1775 . 
6 7 6 4 8 7 1 '?"7:':1. 
67 5 48 6 17 75 . 
71 . 0 5 9 . 6 1775 . 
71 . 1 ~·9 . 4 1775 . 
7l. . O 59 . B 17'75 . 
71 . l. 59 . 6 1775 . 
71 0 ~5 9 6 17"75 . 
73 . 6 66 . 1 177:':1. 
73 . 6 65 . 8 1775 . 
73 . 6 65 . 9 1775 . 
73 6 66 . 0 1775 . 
73 6 66 2 1775 . 
75 3 69 . 4 1775 . 
7 :':1. 3 69 . 4 1775 . 
75 4 69 . 3 1775 . 
75 . 4 69 . 3 1775 . 
75 . 4 6•7. 2 1775 . 
7f> . 7 '7 1 . 7 1775 . 
T7 . 0 '7 1 . 8 17'75 . 
76 . 9 71 . 8 1775 . 
76 . a· 71 . 5 1775 . 
76 . 8 71 . 6 1775. 
77 . 8 72 . 8 1775 . 
77 . 9 7"3 . 1 1775 . 
77 . 9 73 0 1775 . 
Ti . B 73 . 1 17"75. 
77 . 9 73 . 2 1775 . 
7 13 . 6 74 . 5 177:':1 . 
78 . 7 74 . 4 1775 . 
7B. 6 "74 . 5 1775. 
7A . 7 74 4 17"75 . 
78 . 8 74 . 5 1775 . 
79 . 3 75 . 4 1775 . 
79 . 3 75 . 4 1775 . 
79 1 75 . 4 1775. 
79 .2 75 . 5 1775 . 

PUHP 
: NOISE. : F' < FT> 

VELOCITY : PSI : PRESSURE 
IPS =*10-4:FLUCTUATION 

RMS : IMAXI: RMS : HIN : MAX 

0.037 0 . 087 
0 . 039 0 . 110 
0 . 038 0 . 097 
0 . 039 0 . 104 
0 . 041 0 . 107 
0 . 039 0 . 107 
0 . 038 0 . 092 
0 . 038 0 . 094 
0 . 039 0 . 107 
0 . 039 0 . 098 
0 . 037 0 . 09~~ 
0 . 041 0 . 105 
0 . 038 0 . 096 
0 . 038 0 . 096 
0 . 042 0 116 
0 . 040 0 . 096 
0 . 041 0 114 
0 . 046 0 137 
0 . 041 0 . 112 
0. 043 0 . 115 
0 . 040 0 . 11 () 
0 . 03"7 0 . 090 
0 . 047 0 . 134 
0 . 042 0 . 120 
0 . 049 0 . 146 
0.050 0 . 154 
0 . 043 0 120 
0 044 0 112 
0 . 043 0.120 
0 . 051 0 . 147 
0.044 0 . 132 
0 . 039 0 . 113 
0 . 040 0 . 108 
0 . 047 0 . 144 
0 . 040 0 . 113 
0 . 044 0 . 144 
0 . 039 0 104 
0 . 040 0 . 101 
0 . 045 0 . 115 

0.84 
0.78 
0 . 77 
0 . 78 
0.80 
0.69 
0 . 69 
0.69 
0 . 69 
0 . 71 
0.56 
0.61 
0 . 62 
0 . 60 
0 . 55 
0 . 52 
0 . 53 
0 . 55 
0.56 
0.58 
0.46 
0 . 49 
0.50 
0 . 52 
0 . 57 
0.49 
0 . 48 
0 . 47 
0 . 45 
0 . 46 
0 . 44 
0.47 
0 . 45 
0.45 
0 . 44 
0 . 44 
0 . 41 
0.45 
0.43 

3 . 41 3 . 70 
1 . 49 3 . 67 
3 45 3 . 66 
3 . 37 3 67 
2 . 97 3 . 69 
2 . 63 3 . 69 
2 . 33 3 . 66 
3 . 38 3.65 
3 . 50 3 . 67 
2 . 51 .3 . l>fJ 
3 . 38 3 71 
3 . 20 3 69 
3 . 53 3 . 69 
3 . 46 3 . 69 
3 . 07 3 66 
3 . 45 3 . 66 
3 . 43 3 . 67 
3.51 3.69 
3.44 3.68 
3 . 47 3.68 
3 . 49 3.66 
2 . 71 3 . 66 
2 . 91 3 . 65 
3 . 24 3 . 65 
3 . 36 3 . 67 
3 . 36 3 67 
3 11 3 66 
3 . 40 3 . 67 
3 . 27 3 . 66 
2.56 3 . 65 
2.44 3 . 68 
2.56 3.66 
3.51 3.65 
2.39 3 . 65 
3.28 3 . 66 
3 . 33 3.67 
3.41 3 . 65 
3.03 3 . 67 
3.30 3 . 66 

Figure 238. Test run 100-TOS-004-2.6; research data; pump 1, Test TOS, 
sump 4, submergence 2.47D (Continued) 
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7 1l 3 '76 . 3 1775 . 
79 . 3 76 . 3 1775. 
79 . 2 76 . 2 1775 . 
79 7 76 . 1 1775 . 
}9 1 /'6 . 1 17'75 
7 9 0 76 2 1/75 
79 1 76 . 2 1775 . 
79 . 2 7 5 . 4 1 Tl:i . 
'79 1 75.7 1'775 
79 .2 7 5.4 1 7 75 
7 9 . 2 75 . 6 17/'5 
7 11 . 2 75. 4 1775 . 
79 . 2 7 4 . 4 1775 . 
79 2 7 4 . 4 1775 . 
79 . 2 7 4 . 5 1775 . 
79 . 2 7 4 3 1 '77~· 
'79 :;' 74 4 17 75 
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7 9 3 7 2 . 3 1775 
79 . 2 67 . b 1775 . 
7 9 =~ 6 7 5 1 7 7 5 
7 9 2 67 . 7 1775 
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0 . 0 48 0 . 131 
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0 . 049 0 . 129 
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0 . 069 0 230 
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TEST DATE SUBMERGENCE TYPE STEP DIST U/S 
NO. '79-'80 FT S/D SUMP DIA FT 

H01 1. 4 7 2D 2.58 

H02 12/6 3.2 2.47 7 2D 2.58 

H03 12/10 1.9 1. 47 7 2D 2.58 

H04 12/11 0.6 0.47 7 2D 2.58 

H05 12/13 3.2 2.47 4 NONE (BASE) 

H06 12/13 3.2 2.47 4 " 
H07 12/14 3.2 2.47 4 " 
HOB 12/17 3.2 2.47 4 " 
H09 1/9 1.9 1. 47 4 " 
H10 1/10 0.6 0.47 4 " 
H 11 2/20 3.2 2. 47 6 1D 1. 29 

H12 2/22 1.9 1.47 6 1D 1. 29 

H13 2/28 0.6 0. 47 8 5D 6.45 

H14 2/29 3.2 2.47 8 5D 6.45 

H15 2/29 1. 9 1. 47 8 5D 6.45 

H16 3/14 3.2 2.47 9 10D 12.90 

H17 3/14 1.9 1. 47 9 10D 12.90 

H18 3/18 0.6 0.47 9 10D 12.90 

T02 3/24 3.2 2. 47 9 10D 12.90 

T03 3/26 3.2 2.47 4 NONE 

T04 3/28 3.2 2. 47 4 " 

T05 4/1 3.2 2.47 4 " 

Figure 239. Testing log for vertical drop 

355 



l 

D 
R 
0 
p 

•• 

L 
0 
c 
A 
T 
I 
0 
N 
I 
D 

c 
Cl;) 

~ 

18 f ..,___ __.,___- -

12 

t ~S/0 = 2.47 

,_____.,_,__s-+:/0 0.47 ·-t-· · ·•, -+---#>·---+!- ·--t--+---_,.1 
I ----+- I .. I I I I 

8 

4 

8 
8.1 

i""-

c 
~ 
~ I 
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r--- --+----1-- +--~ 

8.2 

___,._ __ ....._ __ ,._ __ _.... .. -
I·--+----' __ ....,..._ 

---+-

8.3 8.4 
Q/VgiOUS 

BASIC DATA 

8.5 

Q/vg~O••S DIQ) UtATI(M) 
I 8.41 2.88 
I 8.17 18.88 
I 8.27 19.88 
+ 8.31 1.88 
+ 8.22 2.88 
+ 8.39 5.88 
+ 8.41 18.88 

8.48 19.88 
~ 

.... 

+ 
0 8 ... 1.88 

0.040 0 8.51 2.88 
0 8.54 5.88 
0 8.41 18.88 

0.540 

0 8.49 19.88 

FV, vertical drop; vertical drop height = 0.8D ; 
F/D = 0.34 ; B/D = 0.04 ; W/D = 2.0 
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Figure 241. 
BWV, vertical drop; vertical drop height = 0.8D ; 

F/D = 0.34 ; B/D = 0.04 ; W/D = 2.0 
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PART XII: SUMMARY AND CONCLUSIONS 

216. This pumping station inflow-discharge hydraulic research study was 

initiated as a result of a US Army Corps of Engineers investigation which re

vealed that approximately 50 percent of all sumps for flood-control pumping 

stations designed and constructed by the Corps needed postconstruction modifi

cations to improve flow conditions to the pumps. The experimental test facil

ity was constructed sufficiently flexible to provide inflow from simulated 

channels, ponding areas, and conduits. Three 10-in.-diam, single-stage, 

mixed-flow pumps were installed along with one suction pump. A rear reservoir 

with return flow pumps was provided rather than recirculating water directly 

back into the flume. This design allowed pumping from the primary pumps to 

approach zero head pressure. Control valves were installed in the discharge 

lines of the primary pumps so that the head pressure could be varied from near 

zero up to approximately 33 ft. The other parameters could then be compared 

relative to the head pressure change. An automatic data acquisition system 

facilitated collection, analyses, and recording of data. 

217. Sump evaluation techniques included visual observations and quan

titative comparisons. Signature curves were developed for a base sump; then 

test results from subsequent geometrically altered sumps were compared to the 

base sump. 

218. The pump intake location was tested with respect to the sump 

floor, backwall, and sidewalls. The degree of optimum location is a trade-off 

with the economics of excavation with respect to submergence and sump width. 

Generally the pump should be located O.SOD from the floor, 0.2SD from the 

backwall, and O.SOD from the sidewalls. The suction pump was operated and 

compared with the actual pump at these various locations with very small dif-

ferences in visual observations. 

219. 

suppressor 

Various sump appurtenances were studied including surface vortex 

(SVS), fillets, converging sidewalls, converging floor, and umbrel-

las. The appurtenances, other than the SVS, were unsatisfactory for various 

reasons and are not recommended for sumps with evenly distributed approach 

flow. Many configurations of SVS beams were studied in a range from single 

beam/single stage to multibeam/multistage. The SVS beams create turbulence 

which breaks up SV's. Single beams are effective for a limited change of 

surface elevations or submergences. For larger changes in submergence, larger 
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numbers of SVS beams and stages are necessary. No satisfactory SVS configura

tion was found for very low submergence (0.75D or less), but a small improve

ment was recognized when the width of the sump was increased from 2D to 2.5D. 

220. The approach flow was made to drop 0.8D over a vertical step 

across the sump. This O.SD vertical drop was positioned at various distances 

upstream from the center line of the pump. For best results, it was concluded 

that the O.SD drop should not be nearer than 2D from the pump bell center line 
.. 

for uniform flow and submergences greater than 1.47D. 

221. Similarity of pump station models was studied in two parts: re

search of existing literature, and testing of submerged vortices. Similarity 

of the model can be affected if consideration is not given to the proper model 

size and method of operation. Submerged vortices are affected when the fluid 

has minute air bubbles or when a significant variation exists in model size • 
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APPENDIX A: NOTATION 

A Inside area of discharge conduit, square feet 

ADC Analog-to-digital converter 

A/D Analog to digital 

ASCII American Standard Code of Information Interchange, 
a 7-bit representation of alphabetic, symbolic, and 
numeric characters 

ASCBIN ASCII to binary conversion routine 

ASCFLT ASCII to floating-point conversion routine 

B Distance from backwall 

b y-intercept value in linear equation of a line 

Baud Signaling elements (bits) per second 

BCD Binary Coded Decimal, a 4-bit representation of a 
decimal digit 

BINASC Binary to ASCII conversion routine 

Bit A binary digit 

BWV Backwall vortex 

Byte A group of bits (8) 

C A constant dependent on other factors 

Cal ref Calibration reference 

Cal step Calibration step 

CMOS Complementary Metal Oxide Semiconductor, a low 
power digital technology 

CPU Central Processing Unit 

Cal Calibration 

CRT Cathode Ray Tube, a display device 

CTC Counter Time Chip, a Z80 peripheral integrated 
circuit containing four counters 

Al 



CCW Counterclockwise 

CW Clockwise 

d Pump column intake diameter (not bell diameter) 

D Pump bell diameter 

DAC or D/A Digital-to-Analog Converter 

BMA Direct Memory Access 

E Voltage 

EIA Electronic Industries Association 

EOF End of file 

EPROM Erasable Programmable-Read-Only Memory 

f Friction factor 

F Floating, Distance from floor, or Froude number 

FBA Flow blockage allowable 

F Model Froude Criteria m 

F Prototype Froude Criteria 
p 

F Maximum pump column vibration max 

F Root mean square of pump column vibration rms 

FV Floor vortex 

2 g Acceleration due to gravity, ft/sec 

H Total pump head, ft 

Hd Discharge head, ft 

H Static head in discharge conduit, ft 
pd 
H Suction head, ft 

s 

H Velocity head, ft 
v 

H Velocity head in discharge conduit, ft 
vd 

H Vertical distance from datum to water surface, ft 
zd 

A2 
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Hz Elevation head, ft 
s 
I Current 

IBWV Intermittent backwall vortex 

ID Identification 

IF Intermediate frequency 

IFV Intermittent floor vortex 

INBUF Routine for terminal keyboard handler 

INBCD Input to BCD routine 

INCAS Routine that disables the keyboard, enables the 
cassette playback, and reads in a block of 
characters 

I/O Input/Output 

ISV Intermittent surface vortex 

K Factor used to correct the submergence predicted by 
a model operated according to Froude Criteria 

Ka Total rotor weight 

Ks Setting constant 

Kt Thrust factor 

LF Local oscillator frequency 

LCD Liquid crystal diode 

MI First memory cycle 

m Ratio of engineering to analog-to-digital converter reading units 

n Shaft speed, rpm 

N Noise, psi 

OFl Intermediate lower frequency that can be processed by a band
limited tuner 

PC Printed circuit 

Pi Power input, hp; power delivered to driver, hp 

PMAX Maximum pressure 
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p 
w 

PVC 

PCB 

PRETESTAlD 

PRETEST ENG 

Q 

R' 

r 

R 
r 

RATIO 

RAM 

ref 

RF 

rms 

s 

SBWV 

SD 

S/D 

Minimum pressure 

Power delivered to pump (shaft power), hp 

Pump power output (water power), hp 

Polyvinyl chloride 

Printed circuit board 

Known engineering value 

Acquired gage output 

3 Discharge, ft /sec, gpm 

Discharge ratio, dimensionless or Reynolds number 

Dimensionless parameter describing pump discharge 

Reynolds number at which surface vortex formation 
becomes independent of viscous effects 

Orifice radius 

Radial Reynolds number 

Ratio of engineering values to A/D readings 

Random Access Memory 

Reference 

Radio frequency signal 

Root mean square 

submergence, ft 

Sustained backwall vortex 

Standard deviation 

Dimensionless parameter describing submergence 

SUM Sum of N data points 

SUMSQ Sum of the squares of N data points 

SV Surface vortex 

SVS Surface vortex suppressor 
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swv 

T 

TTL 

UART 

UARTIN 

VAC 

v 

w 

WK 

X 

X 
0 

XADD 

X BUFF 

XCACL 

XDEPTH 

XFRST 

XMUX, YMUX 

y 

YADD 

YBUFF 

YCALC 

Sidewall vortex 

Shaft torque, ft-lb 

Transistor/Transistor Logic, a commonly used logic 
technology 

Universal Asynchronous Receiver/Transmitter, a 
serial communication peripheral integrated circuit 

Routine that initiatizes UART 

Volts alternating current 

Velocity, fps; average velocity; average 
velocity in discharge conduit, ft/sec 

Pump bay width 

2 
Moment, lb-ft 

Acquired analog-to-digital reading value 
representing a data point 

Corresponding subsequent A/D data value 

Acquired gage output corresponding to a known 
engineering value. usually zero 

Address of the location in which X is stored 

Base address of the X buffer 

Subroutine that calculates address of X 

Index value from the order buffer 

Buffer index of the first X point 

Number of channels multiplexed 

Unknown engineering variable 

Engineering units of the subsequent data value 

Known engineering value corresponding to an 
acquired gage output x

0 
, usually zero 

Address of the location in which Y is stored 

Base address of the Y buffer 

Subroutine that calculates address of Y 

AS 



YFRST Buffer index of the first Y point 

Z80 An 8-bit microprocessor designed by Zilog 

y Specific weight of water, lb/ft3 

n Efficiency, % 

nd Driver (motor) efficiency 

·n p Pump efficiency 

v Kinematic viscosity of water 

w Angular rotation, rad/sec 
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