Slurry Retrieval, Pipeline Transport &
Plugging, and Mixing Workshop

Critical Velocity w/ Viscosity Adjustment

River Protection Project

WASTE
TREATMENT

PLANT v~ Han

Department of Energy 1-16-98




Hanford Waste Treatment Plant (WTP

Newtonian Fluids

Introduction

24590-WTP-GPG-M-0058, Rev 0
Minimum Flow Velocity for Slurry Lines
Effective Date: 27 November 2006

Prepared By: ) Approved By:

m Largest nuclear facility under et e Wt
construction in the world.

Minimum Flow Velocity for Slurry Lines

m Will process 120 Million gal of T —

1.0 Objective
1.1 Purpose ...........

defense nuclear waste over T

Turbulent flow..............

2.0 Introduction
- I'S
L] 3.0  Solution Procedure for WTP Slurries

3.1  Step 1 - Determine the Particle Size Distribution (PSD)...

3.2 Step 2 - Determine the UL Particle Density Distribution (

3.3 Step 3 - Determine the solids volume fraction

. 3.4  Step 4 - Determine the carrier liquid density

. 3.5 Step 5 - Determination of carrier fluid viscosi
3.6  Step 6 - Calculate Hindered Settling Factor ...

3.7  Step 7 - Calculate the critical velocity of the fluid stream.

3.8  Step 8 - Calculate the limiting critical velouly of the fluid stream.

HLW) and 50 Mgal Low level b e T o

4.1 Design Flow Velocity Section.. .
4.2  Transfer Lines Greater than 12 In:hes s Dmm\_lt.r

4.3 Alterations to Increase Flow to Critical Velocity .14
4.4  Detecting the Onset of plugging 15
4.5  Pipeline Flushing Requirements..... 15
5.0 Example Problem 1 - HLW Process Transfer 20
6.0 Example Problem 2 - LAW Process Transfer 21
7.0  Design Default Values by Plant Region 21
8.0 Records 22

24590-PADC-FO0035 Rev 0 ] Page 1 of 26




Non-Newtonian

Non-Newtonian Fluids

Chemical Plugs Bingham Plastics Power Law Fluids

24500-WIP-GPG-M-0059, Rev 0
Avoiding Chemical Linc Plugging - Plant Design Conslderations
Effective Date: 15 November 2007

24500-WTP.GPG-MA39, Rev 2
& Solids - Power Law Fluids
Effective Date: 7 June, 2007

Determination of Pressure Drop for Lines with Liquiss Containi

Pipe Sizing for Lines with Liquids Containing Solids - Bingham Pl
Effective Date: § August 2007

Approved Bys

Prepared By: M Hall Approved By:
PR 2 fndd %’- H!l‘*lo"f PreparcaBy: Approved By: &fv[ -
2 Ll
Prepared By: MN Hall MW Hoffibhnn, M&PE Date B L /W W \J,QR‘._.
Daputy Discipline Production Engineering Manager e PR 7 A i Blb[07 A MW Hofiriis, MAPE Design Support Supervisar _ Date
MW Hoflmabpl MEPE Dacigis Supportbepsssicos Date

Prepared By: MN Hall

. Tty e . .
Design Guide: Design Guide: Design Guide:
: . . .
idi i i i : st : : PP Determination of Pressure Drop for Lines
Avoiding Chemical Line Plugging - Plant Pipe Sizing for Lines with Liquids ) R ining Soli P
- . - - - - - - - r
Design Considerations Containing Solids - Bingham Plastic with Liquids Containing Solids - Powe
Model Law Fluids
Contents
— . ) Contents
10 jec 1 Contents
10 Objecti 5 10 Obj 2
20 Background - Aqueous and Phase Chemistry Analysk 3 e — L1 of Guid 2
30 Modes of Line Plugging 20 5 2.0 Introduction 2
3.1 Precipitation Due to Solubility . .
32 Major Waste Precipitation Types 3.0 Complexity of WTP Type Slurries 3 3.0 Complexity of WTP Type Slurries 3
33 Soluble Compound - Al i Ph: .
34 Soluble Compound - P 40  Solution Method for WTP Sharri 3 4.0 Solution Guide for WTP Slurries 3
3.5 Soluble Compound - Fluorid 4.1 Step | - Particle Settling Test 3 4.1 Step | - Determine if the slurry is h 3
36  Precipitation by Cr i 4.2 Step 2 - Darby 2000 Method for Pressure Drop 4 42 Step2 - Pressure Loss for Straight Pipe 4
37 Gelation... 4.3 Account for Fitting Losses Using the 3K Method (Darby 2001a/b) ............. 6 4.3 Step 3 - Pressure Drop across Valves and Fitting: 6
kY i 44 Step 4 - Sum All Pressure Losses for the System
3.9  Granular Solids Settling 5.0 Record 9
5.1 Revision History 9 5.0 Records 8
4.0 Administrative Controls for Routine (‘r 5.1 Revision History
i S 6.0 References 9
:; e T 60 References 9
E Appendix A: Instructions Using Excel Spreadsheet - Darby Method ...
:': g,‘;:;:;[f.‘."“;"‘“ of Fumping Modes ppe i P 4 Appendix A: Guide for Pipe Pressure Drop Calculation for Power Law Fluid Models
Appendix B: Validation of 13 Using Excel Model
50 Pipeline Mai 13 . . ) y
Appendix C - Elect Program File 14 Appendix B: Electronic Spreadsheet Program File for Darby Power Law ..
Detection
6.0  Plug Detects 4 Appendix D - MathCAD 11 Example Problem 15 Appendix C: MathCAD 11 Worksheet File for Darby Power Law Pressure Drop
7.4 Plug Removal i4 i 14
71 Plant Design Considerations - Remote PIug REMOVAl oo oo v 14 Table 1 Darby’s 3-K Constants for Loss Coefficients, Calculation of Pressure Drop for
Valves and Fitti 8 Table 1 Darby’s 3-K Constants for Loss Coefficients, Calculation of Pressure Drop

80 Record
8.1 Revision History

for Valves and Fitd:

24500 PADC- FODOTS Rev 1 (2/15/2006) Page | of 24 34500-PADC-FOD0S Rev 0 Page 1 of 16

24590-PADC-FO0025 Rev 0 Page 1 of 16



Risk Management

® Due to unknown rheology
— Lack of comprehensive characterization
— Blending issues
— Changing waste forms (hydrates, reactions, concentrations)

® High dilution rates
— to cause Newtonian like behavior — add water
— Force waste to behave like model — can predict

m Evaporation at destination
— Usually storage tank
— Unknown rheology

m Interface Control Documents (ICD-19 — Waste Feed Criteria)



Slurry Flow In Pipelines

m Data Conversion is Important Issue

B Wt% solids measured many different ways (25 C, 105 C,
1200 C)

m Bulk density reconciliation

_ Py — PL + pLCvSIudge

CvSIudge

where p, = Density of Solids, (g/mL)
p, = Density of Liquid, (g/mL)
p, = Bulk density of sludge, (g/mL) (Note: Not Slurry, sludge only)
Csiugge = Solids fraction of sludge, vol% (Note: Not slurry, sludge only)

0.001HC
o, _ (0001C
Psolid
where C, = Solids fraction of Slurry, vol%

C = Grams of dry solids per liter of slurry, g
Psoiia = Dry-base solids density, g/mL



Newtonian Mixture Viscosity

m As the fluid increase in solids concentration, or the shear rate,
the viscosity changes: Thomas (1965)

sy = p [1+2.5C, +10.05C2 +0.00273 exp(16.6C, )|

where wy = Slurry viscosity, cP
C, = Solids fraction of Slurry, vol%

1.15
/UL — zuwater Xsalt 1+ 107 1( pL ) + Xcaustic CXp 7143[ pL o ljj
pwater pwater

If the strain rate is expressed by  7-s5

1y, =2.0(1+2.5C, +10.05C2 +1.3(exp(17C,, ) - 1))y ¢



Viscosity Results

Generally goes up with solids concentation

Viscosity vs. Concentration
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Newtonian - Critical Velocity in Pipe Lines

m Oroskar & Turian (1980)
m Function of 7 waste parameters ( most descriptive)

~ —0.09

d _oa7s| DpL \/gd 0 (:ZS — IJ
Voor = \/gd p (& - 1)1.85(:30'1536(:83564 (Ep] - P
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Combined Correlations

m Combination of OT Correlation w/ Jewett’s Viscosity (reconciled with
Hanford waste)
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