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1.0  INTRODUCTION

Net positive suction head (NPSH) is a measure of the pressure energy available at the suction eye
of a pump tmpeller. As fluid enters the impeller, it accelerates and its pressure drops, as
predicted by the Bernoulli equation. If the fluid pressure drops below the vapor pressure, vapor
bubbles form and are carried to a region of higher pressure within the pump, where they
violently collapse; this is called cavitation. Cavitation has many effects on a pump. Cavitation
will limit the pump’s output capacity or liters per second (gallons per minute). The collapse of
vapor bubbles erodes the metal from the impeller and also causes the pump to vibrate. Vibration
will greatly reduce the life of the pump seals and bearings.

The laws of physics governing the operation of pumps require that the NPSH available (NPSH,)
be greater than or equal to the NPSH required (NPSH,) to avoid cavitation. Only the pump user
can determine NPSH,, because NPSH, is a function of such process system features as hardware
architecture, fluid properties, and fluid temperature. The manufacturer determines a pump’s
NPSH;, by such features as impeller design and operating radians per second (revolutions per
minute). When a pump is procured, the user specifies the discharge pressure, output capacity,
and NPSH,, among other requirements. The manufacturer designs, builds, and tests a pump
ensuring that the requirements are satisfied. One of the tests that a manufacturer can perform, if
requested, is to determine the onset of cavitation, thereby establishing the NPSH,. If the NPSH,
is not less than the NPSH,, the pump does not meet the user’s requirements.

Exact values of NPSH,, especially in Hanford waste tanks, are subject to uncertainty; therefore
some margin must be applied when the user specifies a pump for a specific application. The
margin for NPSH, can be reduced by having the pump manufacturer conduct a test, as outlined in
the Hydraulic Institute Standards, if the first stage impeller is of new design configuration. Even
pumps of standard design can have NPSH; variations from unit to unit. Reducing uncertainty for
NPSH, is a function of increased knowledge of waste constituents for specific tanks and the
capability to control the waste temperature.

1-1
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2.0 PURPOSE

A means to determine NPSH, for Hanford waste tanks is presented in this document.
Appendix A presents the values of vapor pressure and density of Hanford double-shell tank
waste as they relate to temperature. This information is to be used by the projects and design
agents to calculate the NPSH, for the mixer-pump and transfer-pump detail-design
specifications. For a companion document that aids in calculating NPSH,, see RPP-5637,

A Parametric Study to Characterize Alternatives Generation and Analysis Alternatives for
Removal of Heat from High-Level Waste Tanks.

2-1
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3.0 SCOPE

Analysis results of waste vapor pressure and density verses temperature are based on best-basis
inventory data from a limited number of tanks (i.e., Tanks 241-AN-102, -103, -104, and -105 for
low-activity waste (LAW) and Tank 241-AZ-101 for high-level waste (HLW). These results are
presented in Appendix A. The relationships of vapor pressure and density verses temperature
change as the waste is diluted with water. Appendix A presents cases for many dilution ratios.
If the user of this document determines that the NPSH, is marginal when compared to the
candidate pump’s NPSH; for a specific tank pumping application, caution should be used, and it
is recommended that a waste analysis be performed for the tank in question with tank-specific
waste property data.

3-1
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4.0 NET POSITIVE SUCTION HEAD

41  NET POSITIVE SUCTION HEAD EQUATION

NPSH, is the total suction head in meters (feet) of liquid absolute, determined at the pump
suction nozzles and referenced to a datum, less the absolute vapor of the liquid in meters (feet) of
liquid pumped.

Calculation of NPSH, is as follows.

R

NPSH, = £ (———p" — 2. —hﬁ_)+z

g p
where
2 = gravitational acceleration of 9.8 m/s* (32.174 ft/s%)
g = Newton’s law proportionality factor of 9.8 m/s (32.174 ft-1b/Ib~s?)
Pa = absolute pressure at the fluid surface of 703 Pa (14.696 1bf/in?)
Py = vapor pressure of fluid in pascals (Ibf/in®)
Je) = density of fluid in kg/m’ (1b/ft?)
s = fiction loss in suction line in meters (feet)
Za = height of fluid surface above suction in meters (feet).

For mixer pumps, hg, will effectively be zero and Pa is atmospheric pressure for Hanford tanks;
therefore, NPSH, is a function of waste depth, temperature, vapor pressure, and density.

For transfer pumps, hg must be calculated for any devices such as a hose that may be ahead of
the impeller inlet.

42 EXAMPLES FOR USING DATA

Figures 1 and 2 illustrate the utility of the data presented in Appendix A. These figures present
the relationship of submergence and waste temperature to NPSH, for mixer pumps, using two
likely waste-dilution scenarios: HLW with no dilution and LAW with 1:1 dilution, respectively.
Similar figures can be constructed for other dilutions. Note: Impeller submergence is not the
same as tank-waste level, because the impeller inlet is located above the tank bottom.

4-1
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All of the following examples use Figure 1, High-Level Waste With No Dilution.

4.2.1 Examplel

Q:

A:

I wish to operate the pump at full power with 2 m of waste remaining, and
I’ve limited the temperature to 80 °C. What is the NPSH,?

Assuming that the impeller is 0.5 m above the tank bottom, subtract 0.5
from 2.0 m and read across the 1.5 m line until it intersects the 80 °C line.
Then read down to 6.7 m NPSH,,.

4.2.2 Example2

Q:

I have a pump with 7.0 m of NPSH, and wish to operate at full power with
a 1.5 m waste level. Assuming that the impeller is 0.5 m from the tank
bottom, what is the maximum waste temperature allowed?

Find the intersection of the vertical line of NPSH, = 7.0 and the horizontal

line of Submergence = 1.0. The maximum temperature is approximately
73 °C.

4.2.3 Example3

Q:

Az

Can | operate a pump at full power with NPSH, = 5.0 m at the 1.0 m waste
level at 90 °C?

No, with 0.5 m impeller submergence at 90 °C, the NPSH, = 4.3. This
would not satisfy NPSH, > NPSH,.

4-4




RPP-5585 REV 0
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Al.0 SUMMARY

The Environmental Simulation Program (ESP)' was used to estimate the liquid properties of
low-activity waste (LAW) and high-level waste (HLW). The liquid properties were estimated
over temperature and dilution ranges to determine the effects of vapor pressure and liquid density
on available net positive suction head (NPSH,). Estimates of vapor pressure and liquid density
versus temperature and dilution are presented in Tables Ala,b through A4a.b and Figures Al
though A4.

NPSH, is a measure of the total amount of liquid pressure at the intake of a pump. NPSH, must
exceed the pump’s required net positive suction head (NPSH,) to prevent impeller cavation.
NPSH, is expressed in meters (feet) of fluid.

The LAW chemistry was estimated from best-basis inventory (BBI) values for

Tanks 241-AN-102, -103, -104, and -105. The concentrations of 13 major components were
averaged to reduce inaccuracies in inventory data. The HLW chemistry was estimated from the
BBI values of Tank 241-AZ-101. The concentrations of 24 compounds were used to increase the
accuracy of physical property estimation.

Chemical process modeling is performed using ESP aqueous chemistry software. ESP software
is leased from OLI Systems, Inc., of Morris Plains, New Jersey. ESP software is Hanford Site-
approved for simulation of waste-tank chemistry.

The ESP model for the waste-tank system (“GENTANK” chemistry model) is updated
continuously to improve accuracy in the thermodynamic prediction of chemical speciation and
physical properties. The GENTANK chemistry model used to generate the liquid properties is
current as of January 2000.

! Environmental Simulation Program is a trademark of QLI Systems, Inc.

A-1
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A2.0 DISCUSSION

Calculation of NPSH, is as follows.

NPSH, = £< (M-r-— hﬂ_}z

4 P
where
g. = gravitational acceleration of 9.8 m/s* (32.174 ft/s%)
g = Newton’s law proportionality factor of 9.8 m/s® (32.174 ft-1b/lby-s?)
pa = absolute pressure at the fluid surface of 703 Pa (14.696 [bf/in®)
py = vapor pressure of fluid in pascals (Ibf/in%)
o = density of fluid in keg/m® (Ib/ft%)
hy = fiction loss in suction line in meters (feet)
Zys = height of fluid surface above suction in meters (feet).

In the case where the fluid surface is above the pump impeller (flooded suction), Z, is positive.
Where the fluid surface is below the pump suction, Z, is negative.

The LAW chemistry was estimated from BBI values of Tanks 241-AN-102, -103, -104, and
-105. The concentrations of major components were averaged to reduce inaccuractes in
inventory data. The BBI values were reconciled for charge and for free hydroxide, then
compounded into molecular species. The concentrations of 13 major compounds were averaged

for input to ESP molecular species; those concentration averages for Tanks 241-AN-102, -103,
-104, and -105 are as follows.

_ Tank -
Compound | AN.102 | AN-103 | AN-104 | AN-105 | Average
) (&) gL) | L) (g/L)
1,0 499.40| 376.50| 513.56]  532.68 480.53
Al(OH); 44.44] 179.14] 107.04| 105.42 109.01
HCl 3.85 8.19 7.96 9.81 7.45
Na,CO4 12042|  45.14|  98.78 81.53 86.47
Cr(OI); 0.44 1.36 2.66 1.97 1.61
NaF 4.01 2.17 1.40 2.22 2.45
KOH 540  19.29 9.25 8.53 10.62
NaOH 378.70 487.86| 399.20]  356.76 405.63

A-2
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Tank
Compound AN-102 | AN-103 | AN-104 | AN-105 | Average
(g/L) (g/L) (g/L) (g/L) (g/L)
HNO, 8241\ 14049  95.04] 120.62 109.64
HNO; 223.76| 204.38) 14329  173.38 186.20
Na;PO,-0.25NaOH 8.77 4.57 8.11 8.71 7.54
Na3H(SOs); 21.64 430  13.07 7.30 11.58
Acetic Acid 62.15 5.81 6.41 17.58 22.99
Oxalic Acid 49.08 2.18 9.60 0.00 15.21
Total 1,507.34 1,483.53| 1,417.81] 142649  1,456.94

The HLW chemistry was estimated from Tank 241-AZ-101 BBI. Values were reconciled for
charge and for free hydroxide, then compounded into molecular species. The concentrations of
24 major compounds are as follows.

Compound gL
Al(OH); 39.02
Bi(OH); 0.01
Ca(OH), 0.29
HCI 0.18
NaCO; 52.10
Cr(OH) 0.17
Hz(CI‘O4) 1.45
CsOH 0.08
NaF 3.69
Fe(OH) 12.34
KOH 6.21
La(OH); 0.33
NaOH 134.34
Ni(OH), 0.59
HNO; 58.76

A-3
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Compound g/L
HNO; 67.58
Pb(OH), 0.15
Naz;P(4-0.25NaOH 2.38
Pu(OH), 0.01
Si0s 0.81
Naz;H(SO4)2 21.61
Sr(OH), 0.04
Acetic Acid 1.31
Oxalic Acid 1.96
Total 405.45

A-4
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A3.0 RESULTS

The ESP-estimated liquid physical properties for LAW and HLW are as follows.

Liquid Properties

Low-Activity

High-Level Waste

Waste
Temperature (°C) 40 40
pH 15.3 13.9
Vapor pressure, Pa (Ibf/in® absolute) 0.486 0.855
Boiling point (°C) 121.0 106.7
Solids fraction (wt%o) 0.068 0.046
Liquid density (g/cm3 ) 1.457 1.264
Solid density (g/em?) 2.514 3.331
Electrical conductivity (1/Q-cm) 0.31 0.31
Viscosity, Pa's (cP) 7.86 2.59
Ionic strength (molality) 18.43 8.04

Liquid properties were estimated over a temperature range from 5 to 120 °C and dilution ranges

from 0 to 16 volumes of water per volume of original solution (V/V,). Vapor-pressure and
liquid-density data are shown in Tables Ala,b through A4a,b.

A3.1 EXAMPLE

Determine the NPSH available for LAW with 1:1 water to waste dilution (V/V,) at 50 °C with

the pump impeller 3.66 m (12 ft) below the fluid surface.

From Table a, LAW vapor pressure (py) at 1:1 dilution and 50 °C = 1.378 1bf/in’.

From Table 2a, LAW liquid density (p) at 1:1 dilution and 50 °C = 78.16 Ib/ft".

At 12 feet of submergence,

NPSH, =5«

g

(

Yo,

A-5
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Assume:
g/g = 1.01bf/lb
Pa = 14.696 Ibf/in’
hg = 0Oft
_ 2
NPSHa = 1( (14 .696 781 .13678 )12°) - OJ +12 =36.51t

=1Ll m.

A4.0 BIBLIOGRAPHY
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