


















































































































































































































M Optimum jet pump flow ratio op 
n In situ porosity of sediment to be bypassed 

N Jet pump head ratio 

N max Largest possible value of N corresponding to a particular 
value of M 

NOD Number of operating days per year for jet pump bypassing 
system 

NPSHA 

NPSHR 

NUM 

PB 

PHSUCB 

QDIS 

QDISB 

QFL 

QJET 

QSUC 

QSUP 

QSUP . 
m1.n 

QSUPT 

R 

Re 

RMP 

RR 

SGDISB 

SGDISJ 

SGIN 

SGSOL 

SGSUC 

Available net positive suction head at supply pump suction 
flange, feet of water 

Required net positive suction head at supply pump suction 
flange, feet of water 

The number of jet pumps operated simultaneously in a jet 
pump bypassing system 

Correction factor for pump blockages 

Design pressure or vacuum head at booster pump suction 
flange, feet of water 

Average rate of net littoral influx to storage area(s) 
during interval operating period, cu yd/hr 

Jet pump volumetric discharge flow rate, gpm 

Booster pump volumetric discharge flow rate, gpm 

Flushing water volumetric flow rate into booster pump, gpm 

Volumetric flow rate through jet pump cutting jets, gpm 

Volumetric flow rate into jet pump suction, gpm 

Volumetric flow rate through jet pump nozzle, gpm 

Minimum required volumetric flow rate in discharge pipe
lines of jet pump bypassing system, gpm 

Supply pump required total volumetric flow rate, gpm 

Jet pump area ratio 

Reynolds number 

Correction factor for relocation of mobile jet pumps 

Correction factor for system repair and replacement 

Maximum specific gravity of booster pump discharge slurry 

Maximum specific gravity of jet pump discharge slurry 

In situ s pecific gravity of sediment to be bypassed 

Specific gravity of s ediment solids 

Assumed average specific gravity of s lurry entering j et 
pump suction 
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SGSUCM 

SGWAT 

STCAP 

STIN 

STORE!lt 

TDHB 

TDHBM 

TDHBME 

TDHS 

VAP 

VCR IT 

VDIS 

VDISB 

VHOM 

VNOZ 

vsuc 
VSUPD 

VSUPS 

Assumed maximum sustained specific gravity of slurry 
entering jet pump suction 

Specific gravity of ambient water 

Storage capacity of storage area, cu yd 

Initial condition of storage area, cu yd 
\ 

Storage volume available during interval llt 
' 

cu yd 

Total dynamic head required of booster pump, feet of water 

Total dynamic head required of booster pump in terms of 
mixture being pumped, feet of mixture 

Total dynamic head of booster pump corrected for decrease 
in pump efficiency due to presence of solids, feet of 
mixture 

Total dynamic head required of supply pump, feet of water 

Vapor pressure of water, feet of water 

Minimum velocity necessary to maintain solids in suspen
sion in discharge pipelines, fps 

Velocity • jet pump discharge pipeline, fps ~n 

Velocity • booster pump discharge pipeline, fps ~n 

Velocity of transition between heterogeneous and 
homogeneous flow regimes, fps 

Velocity of water jet at tip of jet pump nozzle, fps 

Velocity of mixture in jet pump suction tGbe, fps 

Velocity in jet pump supply pipeline, fps 

Velocity in supply pump suction pipeline, fps 

W Settling velocity of the d
50 

particle of sediment to be 
bypassed, fps 

X Ratio of VSUC to VNOZ as used in cavitation 
calculations 

ZBOO 

ZDIS 

ZSUP 

ZSUPM 

(Llh/ LlL) 
m 

(Llh/ LlL) 
w 

Elevation of booster pump center line relative to water 
surface datum, ft 

Elevation of end of booster discharge pipeline relative to 
water surface datum, ft 

Elevation of supply pump center line relative to water 
surface datum, ft 

Maximum expected elevation of supply pump suction center 
line above free water surface, ft 

Head loss per unit length of pipeline for slurry flow 

Head loss per unit length of pipeline for fluid flow 
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(!1h/!1L)wss 

!1t 

\) 

Head loss per unit length of pipeline for jet pump supply 
pipeline 

Head loss per unit length of pipeline for supply pump 
suction pipeline 

Time interval of the bypassing season, hr 

Equivalent roughness of pipe wall (Nikuradse roughness), ft 

Kinematic viscosity of fluid, ft
2
/sec 
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APPENDIX B: ADDITIONAL EQUATIONS 

Colebrook-White Equation 

1. For the range of conditions covered by this report, the fric

tion factor, f , used in the Darcy-Weisbach formula for energy loss in 

pipe flow can be found via an iterative solution to the Colebrook-White 

equation: 

where 

1 
-= 

If 
-2 log ( 2. 51 + E: ) 

Relf 3. 71D 

Re - VD/v , the Reynolds number 

V - average flow velocity in pipe, fps 

D - inside diameter of pipe, ft 
2 v = kinematic viscosity of fluid, ft /sec 

(Bl) 

E: = equivalent roughness of pipe wall, sometimes called "Nikuradse 
roughness," ft 

2. Values of E: for different pipe materials can be found in stan

dard references on fluid flow in pipes. Values of v can be found in 

hydraulic handbooks or similar references. 

3. To solve Equation Bl by iteration, begin with an assumed value 

for f , say 0.007. Using this assumed value, solve the right-hand 

side of the equation. The result will be of the form: 

1 
- = c (B2) 
If 

where C is the value of the right-hand side of Equation Bl using the 

assumed value of f and the appropriate pipe characteristics and flow 

conditions. 

4. Next, solve Equation B2 for f . If this value of f and the 

assumed one are reasonably similar (say within 0.0005 of each other), 

f has been determined. If not, repeat the iteration process using f 

from Equation B2 as the assumed value. The iteration should converge 

Bl 



to an acceptable degree of accuracy in a few such calculations. 

5. Obviously, this process is easily adapted to a computer, elimi

nating the need for a Moody diagram. 

\ 
Equivalent Lengths 

6. For pipe fittings not included in tables of equivalent lengths, 

the energy loss hf is often given by an equation of the form: 

(B3) 
• 

where K is a resistance coefficient for a particular fitting type and 

size. 

7. For straight pipe, an equation in common use for calculating 

energy losses is the Darcy-Weisbach equation in the form: 

where 

L v2 
- f -

D 2g 

hL - energy loss in straight pipe 

f - friction factor 

L - length of straight pipe 

D - pipe inside diameter 

(B4) 

8. Equating Equations B3 and B4, an expression for an equivalent 

length can be obtained: 

L -
K·D 

F 
(B5) 

where L now represents the length of straight pipe of inside diameter 

D equivalent to a fitting with resistance coefficient K and the same 

nominal pipe size. 

9. For steel pipe and the range of flow velocities and pipe sizes 

commonly encountered in jet pump bypassing systems, Equation B5 can be 

approximated by: 
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L -
K•D 

0.014 (B6) 
I 

10. Equation B6 will give an estimated equivalent length of steel 

pipe of inside diameter D for a fitting of the same nominal pipe size 

with resistance coefficient K • 

11. For pipelines made of material other than steel, the method 

of equivalent lengths is more difficult to apply. In such cases, it is 

suggested that losses for fittings be calculated by Equation B3. These 

losses can then be added to the losses for straight pipe calculated by 

the Darcy-Weisbach equation to obtain the total pipeline energy loss. 
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APPENDIX C: DERIVATION OF GRAPHICAL DESIGN CURVES 

1. The purpose of this appendix is to show, briefly, how the de

sign curves of Plates 3 through 14 (main text) were derived from 

equations outlined in the iteration design procedure. 

2. The dimensionless parameters describing the performance of a 

jet pump with a certain area ratio R are given by Equations 1 and 2: 

N -

M -

HDIS - HSUC 
HSUP - HDIS 

QSUC 
QSUP 

(1 bis) 

(2 bis) 

3. The relationship between these parameters is assumed to be of 

the form: 

N - a•M + b (Cl) 

which is the equation for a straight line where a and b are constants. 

The values of these constants can be obtained from the M versus N 

relations shown in Plate 2. 

4. Substituting Equations 1 and 2 into Equation Cl, 

HDIS - HSUC = a(QSUC) + b 
HSUP - HDIS QSUP 

5. The relationship between QSUP , HSUP , and HSUC must 

satisfy Equation 33: 

(C2) 

QSUP - B(ANOZ) I(HSUP - HSUC) (33 bis) 

From Equation 34, 

ANOZ - f(R , AMIX) (C3) 
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For a given jet pump size, AMIX is constant. For a given R value, 

B is constant (see tabulation on p 73 of main text). Therefore, for a 

given jet pump size and R value, 

' 
QSUP - f(HSUP , HSUC) (C4) 

6. Equation 31 gives a suggested expression for calculating HSUC : 

HSUC -
vsuc2 

2g 2LSUC + 4 
vsuc2 

2g 
(31 bis) 

For a given jet pump size, 

VSUC - f(QSUC) (C5) 

7. Therefore, for a given jet pump size and assumed LSUC value, 

HSUC - f(QSUC) 

Equation C4 can now be rewritten: 

or 

QSUP - f(HSUP , QSUC) 

HSUP - f(QSUP , QSUC) 

8 . Substituting Equations C6 and C8 into Equation C2, 

--:-_H_D_IS_-_f..:..(Q_._S_U_C-<-) __ _ (QSUC) 
f(QSUP , QSUC) - HDIS a QSUP + b 

(C6) 

(C7) 

(C8) 

(C9) 

9. Equation C9 is the basis for the design curves of Plates 3-14. 

It contains three variables (HDIS , QSUC , and QSUP) and two known 

constants (a and b). By holding one variable constant, a unique 

relationship is defined between the other two variables . The 
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graphical design curves were generated by holding QSUP constant and 

solving for HDIS for different values of QSUC . Then, the value of 

QSUP was changed, and the process repeated. The only departure from 

the iteration design procedure was in assuming a certain LSUC value. 

However, this assumption can be shown to have a minimal effect on the 

calculated value of HDIS . 

10. The values of HSUP shown on che graphical design curves were 

calculated using a rearranged form of Equation 33: 

HSUP [ 
QSUP ]

2 

- B(ANOZ)j + HSUC (ClO) 

11. For a given jet pump size and R value, if HSUC is held con

stant in Equation ClO, then HSUP depends only on the value of QSUP . 

For each design curve shown in Plates 3-14, the value of HSUC at the 

curve midpoint was used as a constant in calculating HSUP from Equa

tion ClO. Therefore, the value of HSUP given for each curve is exactly 

correct at the curve midpoint, with an increasing error toward either 

end of the curve. The magnitude of this error at the curve ends, in 

most cases, is in the range of 5 percent. For any design operating point, 

therefore, the error involved in using an HSUP value from the graphical 

design curves instead of one rigorously calculated from the iteration 

procedure will be much less than the error envelope of the entire design 

process. 
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