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Before You Begin

This manual is your personal guide as you |earn and

use the Pipeline and Punp Eval uation and Sel ection
Program PAPES. Your manual contains three sections:

Getting Started, Understanding PAPES, and Using PAPES.

CGetting Started -- helps you set up PAPES for
your conputer and printer.

Under st andi ng PAPES -- is a description of the
program What it does, and how to use it.

Usi ng PAPES -- is a step-by-step guide through
t he nmechani cal operation of the program

Appendi ces -- contain information on error
messages, punp design cards and references.
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PAPES

CGetting Started

PAPES is a programthat will aid in your design of

a phosphate matrix slurry punpin% system You supply
the operating conditions, and PAPES will tell you
what punping systemw || suit your needs. Furthernore,
PAPES can hel p you eval uate your existing punping
system and predict pipeline pressures under different
startup conditions.
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CGetting Started

Equi prent  You WII Need

PAPES is easy to use, and it doesn't require a |ot of
extra equipnent. Here is a list of all you need

NOTE

*

Any NM5-DCS Personal Conputer with 640K
one hard disk drive and one floppy disk drive

Alternatively in lieu of the hard disk a 3-1/2"
| ow density 720 K or a 5-1/4" low density 360K
fl oppy disks may be used.

M5- DOS operating system version 3 or later
EGA graphics card and conpati bl e nonitor

(for grapihical display of punp performance
after editing or entry)

Printer (preferable but not essential)

Bl ank di skettes

Mat hs co-processor (optional)

Dependi ng on what equi prent you have and how

you plan to use it we will supply the programto you on
suitably prepared floppy disks.

W need to know the follow ng:

1.
2.

Do you have and intend to use a hard di sk?

What size and density floppy drive do you have?
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Installing PAPES
General Information about Installing
Your PAPES package cones with either two 5-1/4 inch,
one 5-1/4 inch or one 3-1/2 inch diskettes depending on
t he equi prent that you have told us you have.

If you have a hard di sk you nust have at |east 800K
space avail abl e.

In this case we will give you a floppy disk(s) that you
can copy only twice to your hard drive, once initially
and one if ever the hard drive gives a problem The
disk we give you will not be able to be executed nor
will it be possible to copy the program from the hard
drive to a floppy.

Procedure for two 5-1/4" disks (one product disk and
one support disk)

1. Make the hard disk the default drive. Enter

C. and press ENTER

2. Create a subdirectory naned PGV on the hard di sk.
Enter:

MD \ PGM and press ENTER

3. Make PGM the current subdirectory on the hard
di sk. Enter:

CD \ PGM and press ENTER

4, Insert the support disk into drive A

5. Make drive A the default drive. Enter
A:and press ENTER

6. To start the installation program enter:

| NSTALLH. COM and press ENTER
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CGetting Started

1. "Product diskette drive (input)". Enter A
8. "Support diskette drive (input)". Enter A
9. "Hard di sk drive (output)". Enter C
10. “"Verify product diskette in drive A"
Insert product disk in drive A- Ht Enter
11. "Enter Y to continue:" Y Hit Enter
12. "Insert support disk in drive A".
Insert support disk in drive A- Ht Enter
13. Install program runs,
14. "Instal lation conpleted".

15. Make PGM the current subdirectory on the hard
disk. Enter:

CD C\PGM (Ht Enter)

C: (Ht Enter)
16. Insert support disk in drive A
17.  Gve this command:

Copy A: *.DAT (Ht Enter)

18. G ve this command:

Copy A: Setup (Hit Enter)

Al'l necessary data files are now on the hard disk in
the directory where PAPES. EXE is |ocated.

If you do not have a hard disk and have only a 3-1/2"
or 5-1/4 inch low density drive we will supply you with
a floppy that you can use in the active drive. The
floppy disk will not be able to be copied.

PAPES uses ANSI screen controls. |n order for these to
work properly you will need the |ine Device = ANSI. SYS
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Getting Started

in your CONFIG SYS file. For nore information on
ANSI . SYS and CONFI G SYS see., "Configuring your Systent

in your DOS manual .

2

Procedure for two 5-1/4" (one product disk and one data
di sk and one 3-1/2" (which is both product disk and
data disk).

NOTE: Anything in "quotes" is output to screen by
program

1. Make the hard disk the default drive. ENTER
C. and press ENTER

2. Create a subdirectory named PGM on the hard di sk.
ENTER:

MD \ PGM and Press ENTER

3. Make PGMthe current subdirectory on the hard
di sk. ENTER

CD \ PGM and press ENTER
4. Insert the product disk into drive A
5. Make drive A the default drive. ENTER
A. and press ENTER
6. To start the installation program ENTER:
| NSTALLH. COM and press ENTER
1. "Product diskette drive (input)”. Enter A and
press ENTER
8. "Hard disk drive (output)" Enter C and
press ENTER
9. "Verify product diskette in drive A"
Insert product disk in drive A:- Ht Enter

10. Enter Y to continue:" Ht Enter




CGetting Started

11. Install program runs

12. “Instal |l ation conpleted"

13. Make PGV the current subdirectory on the hard
di sk. Enter:

CD C\PGM (Ht Enter)
C (Ht Enter)
For 5-1/4" disk:
14. Gve Followi ng command:
Copy A:setup (Ht <enter>)
15. Insert data disk in Drive A
16. Gve Followi ng command:
Copy A *.dat (Ht <enter>)
For 3-1/2" disk.

14. Insert data disk (which is also the product disk)

15. Gve followi ng comrand:

Copy A *.DAT (Ht Enter)
16. Gve follow ng conmand:

Copy A: Setup (Ht Enter)

Also, the PRINT.COM or PRI NT. EXE command needs to be
run before PAPES so that the resident part of PRINT is
installed in RAM You can do this by adding the |line
PRINT /D: PRN to your AUTCOEXEC. BAT file. PRINT should be
avai l abl e through the PATH or in the ROOT directory for
this to work. See your DOS nanual for nore about PATH.

Note: If you do not have ANSI.SYS or PRI NT.COM on your
hard disk, they can be found on your original DOS
di skettes.
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UNI NSTALLI NG PAPES FROM A HARD DI SK

(1) MAKE THE HARD DI SK THE DEFAULT DRI VE.
TYPE: C ( PRESS <ENTER>)

(2) MAKE PGM THE CURRENT SUBDI RECTORY ON THE HARD DI SK.
TYPE: CD \ PGM ( PRESS <ENTER>)

(3) MAKE DRIVE A: THE DEFAULT DRI VE.
TYPE: A ( PRESS <ENTER>)

(4) I NSERT PRODUCT DI SK INTO DRI VE A

(5) TO START THE UNI NSTALLATI ON PROCESS:
TYPE: I NSTALLH /U (PRESS <ENTER>)

(6) "DRIVE (INPUT)"
TYPE A (PRESS <ENTER>)

(7) "HARD DI SK DRI VE( OUTPUT)
TYPE: C (P ss <ENTER>)

(8) "VER FY PRODUCT DI SKETTE |S N DRIVE A "
( PRESS <ENTER>)

(99 "ENTER Y TO CONTI NUE CR %} T
TYPE: Y RESS <ENTER>)

(10) "PROCESSING PLEASE WAIT..."

(11) "PRODUCT HAS BEEN SUCCESSFULLY UNI NSTALLED'
(12) REMOVE YOUR PRODUCT DI SKETTE FROM DRI VE A:

The conputer files that come on the diskettes are

PAPES. EXE
DBSI NX. DAT
PMPSELDM DAT
DBSCCOF. DAT
DBSDI R. DAT
SETUP

The programwas originally witten in FORTRAN so the

execut abl e version of the program PAPES.EXE is in
obj ect form
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The other files are data files created by FORTRAN.

File DBSINX DAT carries index information, PMPSELD. DAT
carries index data and curve coefficients. DBSCOF. DAT
is for polynomal and other curve coefficients while
DBSDI R DAT contains the so called card data

information. These files are automatically updated when
you change data or add punps when you exit the edit
nmenu so you will need make backup copies of these from
time to time. After you have run the program and saved
a pipeline file to disk another file YOURNAVE PLN will
appear al so. Depending on the name and the avail able
di sk space. You can have any nunber of these

It is planned at least initially to limt the life of
program versions by date and usage. So that old
program versions are not kept in circulation. New
prograns will be issued before this tine. If the

| ocation or address of the registered user changes then
G R Addie at G W should be notified in witing so
that the new software disk will reach the user. The
usage counter has been set to two program | oadi ngs per
day so one should limt the number of [ oading

accordi ngly.
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PAPES

Under st andi ng PAPES

This part of the manual is a conplete description

of the PAPES program It will help in your know edge
about what the program does and how it works before
you actually use the program

* NOTE: The divisions of this program wll be
referred to in this way: Main Menu Itens,
Sections, and Sub-sections.

For exanpl e: Main Menu Item 1 has three sections,
and Section 1-3 has two sub-sections.

Main Menu lItem may be interchanged for Section in many
cases.

10
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PAPES

General Overview of Program

The PAPES Program is user friendly and easy to use. It
is a M5 DOS PC based programthat will help you design
your phosphate matrix slurry pipeline systens.

PAPES all ows you to identify a matrix type and then
determ ne the specific energy consunption and head |oss
for different concentrations and pipe dianmeters. The
program al so checks particle settling and deposit

vel ocities prior to punping system design.

The PAPES program all ows you to enter details of an
exi sting piping system and

EVALUATE: that system against a given set of punps
in order to determne the resulting flow, pressure
gradi ents and power consunption or, alternately
determ ne the characteristics of a given system
and then

SELECT: the best punp (or punps) froma punp file
sel ecting the speed and/or inpeller dianeter
necessary to achieve a recommended operating
transport rate or velocity.

The matrix pipe friction and punp performance
calculations are carried out as a result of and as
described in the work cared out in reference 1

The punps used in the analysis are stored in the
conputer file for easy access. The initial punps where
full scale performance test data was available. They
may be added to or edited at any tine.

After a pipeline systemand punps have been Eval uated
or Selected, the pipeline pressure gradients can be
calculated for steady flow and startup conditions. A

sunmary of the systemis energy requirenents will also
be generat ed.

The main nenu shown on the follow ng page allows entry
into the main sections noted.

11



Mai n Menu

Update Punp Data Files

Calculate Slurry and Horizontal Friction

Cal cul ate Overall Pipeline System Resistance
Sel ect or Eval uate Punps

Eval uate Qperational Factors

Quit program

QuswhE
N N e N e

Main Menu ltem 1

Update Punp Data Files

This Main Menu item all ows punp additions and
nodifications to the stored data file. Al so available
are an index of punps and punp data |istings.

Al Main Menu itens have internal nenus called Section
Menus. The following is the Section Menu for Main Menu
ltem 1.

————Section Menu 1

Index of Pumps

List Pump Data

Edit and View Pump Data
Return to Main Menu

O w N+
« v e
N Nt Nt Ster?

Required punp information is descriptive. For exanple:
title, inpeller dianeter, head quantity, and NPSH
per f or mance.

The head quantity and NPSH performance is entered as

gi ven nunbers of test data points. This is derived from
one constant speed set of characteristics such as on
speed of a nmultiple speed sal es curve.

Most of the entry here is self explanatory and pronpted
by suitable defaults.

New punps may be added as copies of existing punps
nodi fied as need be or as conpletely new punps into
bl ank records.

Sone data is essential for the fits and other
calculations so this nust be entered before exiting.

If any of this is missing an error message w |l appear
and direct the operator back to enter that information.

12
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PAPES

Alist of the data that has to be entered is |isted
bel ow al ong with some comments.

CARD 1.

Di scharge branch diameter (in)
Suction branch diameter (in)
Test curve basis in the format T999A- 89

The punp type field on Card 1 is intended for the
format as used in standard G W nonenclature. The 26th

character as shown in the exanple above the |ine nust
be a "/".

Card 2.

The drawing information is not checked for but
shoul d be wherever possible be entered as the best
nmeans of identifying the punp type.

Card 3.

Stores peak performance and other information such
as

Best efficiency flow EBEP Qy)
Best efficiency head (BEP Head)
Best efficiency val ue (‘?

Punp rotating speed RPM

Test curve in the format T999A- 89

The units field should always be U for Anerican. If
there is no test curve available then NA will stop the
computer flagging an error.

Test inpeller dianmeter (ins)

Cards 4-8.

Contain the constant speed performance test
information in the formof given data points

of total devel oped head (ft), efficiency (%
rotational speed (rpn) and net positive suction
head NPSH (ft) at different USGPM fl ows. Any

nunber of points in ascending flow up to 15 may be
ent er ed. A minimum of three” NPSH points are

expect ed. These should correspond to sone of the
entered flows. A NPSH reference may al so be
ent er ed.

13
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PAPES

Hor sepower at zero flow or shut head horsepower
(BHP). The performance basis should show T for
test or E for estinate.

The punp casing throat area in square inches. This is
used to calculate throat velocity during a selection.
I't must be entered for the programto be able to sel ect
pumps. |If the throat area Is not known then the

di scharge branch area shoul d be used.

The punp casing type as either annular (A) or sem -
volute (C) nust be entered. This is used later in the
calculation of head and efficiency effect due to
sol i ds.

As the user exits the program polynom als and other
curve coefficients needed in the program are generat ed.
Also a plot of the entered data points and the
generated curve is displayed to allow checking of the
curve fit. If these are not within a few percent over
the full range, the operator should consider checking
the data or respacing the point |ocations.

Mai n nu ltem 2
Calculate Slurry and Horizontal Friction

Section Menu 2
Horizontal Pipe Performance Evaluation
Solids Settling in Liguids

Particle Deposit Velocity Check

Return to Main Menu

O W
P
- e s

Section 2 allows the engineer operator to compare .
different alternatives; such as punping concentrations
and pipe diameters for a base unit of horizontal pipe.

Section 2-1 is mainly be used when no existing piping
equi pnent is available and/or the concentration can be
varied to carry out a prelimnary analysis. This allows
the user to check the stability of the system and

m ni m ze the energy usage before deciding on the
details of the system and the punps.

Details relating to matrix type input are described in
Section 3.

14



PAPES

Comparisons of constant solids throughput, constant
concentration, and constant flow are possible. The
output will include head |oss, unit energy, volune flow
rate, nmass flow rate, and concentration in several
forns.

Section 2-2 Solids Settling in Liquids

Section 2-2 cal cul ates hindered and unhi ndered solids
settling velocity (for different sized and shaped
particles), the drag coefficients, and particle
Reynol ds Numbers. The calculations are carried out as
described in references 4 and 5.

The val ues produced here are used for vertical
pi pelines and to get an idea of the node of horizontal
pi peline flow particle novenent. Twi ce the unhi ndered

settling velocity is reconmended for vertical pipe
flow

Section 2-3 Particle Deposit Velocity Check

Section 2-3 calculates the deposit velocity of a given
size particle in a given concentration of a settling
slurry. This is only a check and is for an individual
particle wthin a range of concentrations. It is not to
be confused with the velocity at which the head loss is
a mnimum which in the case of heterogeneous slurries
is considered to be the m ni num stabl e operating flow

Some fl ow above this is usually chosen as the design or
operating flow

The particle deposit velocity check calculation is
carried out according to reference 6.

When the particle deposit velocity is above the

sel ected operating flow and the slurry is a settling
type, the operator nust consider that particles of the
specified size (at the concentration used) may settle
out in the pipe.

This in turn may require the pipeline design flow to be
i ncreased or the particles involved kept out of the
pi peline.

Menu _ltem 3

15
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n

Cal cul ate Overall Pipeline System Resistance

Section Menu 2
Get Pipeline Data From Disk File ‘
Store Pipeline Data to Disk File ‘
System Resistance for Single Flow \
System Resistance £for Range of Flows
Return to Main Menu

Od WK -
— N e

Main Menu Item 3 cal cul ates the overall pipe friction
for a conplete piping systemfor a given specified
matrix slurry including the effect of bends, valves,
and static head.

Up to 5 pipe section dianeters are allowed. The suction
of the pit punp is considered one dianeter. After the
pit punp, up to four different discharge diameter pipe
sections are allowed.

The system static head values relative to the pit punp
inpeller centerline are included for the suction and

di scharge. At this stage, the existence and |ocation of
other punps in the line are ignored along with any
internal pipeline | evel changes.

A matrix is identified by the percentage of pebble and
the fines percentage. Pebble is defined as all screened
material over 1200 micron in size and fines is defined
as all solids below 100 mcron in size,

The pebble and fines concentration val ues entered
shoul d be based on geol ogi cal or size data. The size
mul tiplier and viscosity correction factor should be
vased on operator experience and/or the chart shown as
Appendi x C.

Sections 3-3 and 3-4 calculate system head |oss for a
specific flow or a range of flows. The difference
between the two sections relates to whether an existing
system and punp configuration is being eval uated and
the flow is being determined or a flow and head is
specified and the program has to find the punp(s)
operating speed and/ or dianeter.

Pi pe roughness equivalent to snmooth pipe is set up for
default entry through the enter key. The pipe dianeter
is also set at 17.25" diameter as the npbst commobn case.
Both may be changed as necessary.

16



PAPES

In both sections, a recomended m ni nrum flow i s shown
on. the screen.

The mninmnumflow is the flow at which the system head
loss is at a mnimumfor the typical heterogeneous
settling slurry inverted parabola, or it is the |am nar
to turbulent transition point, where the slurry is a
non settling type.

In the given flow case the flow entered shoul d be
greater than the mnimumto allow for stable operation
at different operational changes in concentration and
slurry type.

Section nmenu itens 1 and 2 allow storing pipe systens
and retrieving previously cal cul ated systens. These may
be given any 6 digit al phanunmeric narme.

in nu ltem 4

Sel ect or Eval uate Punps
Section Menu 4
) Eval uate Existing Punps (Finds flow

1
2.) Selects Punps (Flow given)
0.) Return to Main Menu

Section 4-1 evaluates up to nine punps in series at

gi ven speeds and inpeller dianmeters (including

t urndowns) agai nst the previously entered pipe system
finding the flow at which the total punp head interects
the total system resistance.

The system head is recalculated inside Section 4 for
bot h eval uation and selection to be sure the correct
conditions are set and to avoid going back through
Section 3. The previously entered individual flow or
range of flows can be accepted or altered before this
cal cul ation

After the nunber of punps operating in series has been
entered the punps are entered by database file nunber.
If this is not known zero enables a search routine
based on branch, and/or inpeller dianeter to be used.

In the evaluate option the punp RPM maxi mum
horsepower, slurry SG and actual inpeller dianeter are
entered for each punp.

17
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The punp solids effect is dependent on flow and shel

t ype. Shell types of annular (A) and sem -volute (O
are taken into consideration. Before an evaluation the
flow is not known. An expected estimate value is
therefore requested. Being a small value any estinmate
is usually within |-2% I f exact values are required

t he overall problem should be run a second tine and the
first solution flow entered.

In an unrestricted selection the shell type is not
know, so an A or C is requested. \Were the punp is

gi ven the program finds which type of shell exists from
the punp data files.

A synchronous electric notor is _assumed with no change
in speed with power consumed. The flow at which the

full notor power is absorbed is noted on the screen so
t he operator can check for overl oads.

A table for total punp (series) head is produced in
conmparison to the system resistance at correspondi ng
flows. The intersecting operation point for these two
curves is noted at the bottom of the table.

Section 4-2 selects punps for the system head
previously calculated for a given flow Selection may
be forced to be for only a given punp, a punp of a
given branch, a given type or, a given dianmeter or left
unrestricted. |If left-unrestricted selection is based
on the highest efficiency punp found in the punp data
file subject to Iimting casing branch, and inpeller
tip speeds.

The selection Iimts which exclude punps from sel ection
are for the inpeller peripherial speed in surface feet

per minute (SFPM, the shell throat velocity and

di scharge branch velocity. Heavy nediumor |ight duty
service is allowed. The val ues used for rejection are

shown the foll ow ng table.

Heavy Medi um Li ght
SFPM 5500 7000 8500
Throat Vel 25 fps 32.5 50
Branch Vel 20 fps 26 40

If a punp is specified (forced) and one or nore of the
above limts is exceeded the punp details will still be
cal cul ated and di spl ayed but warnings wll show.

18
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selection at a given head and flow may be for variable
speed and/or a variable inpeller diameter for a chosen

punp.

Wien sel ecting nore than one punp, all punps nust be
identical or all but one nmust be specified by size,
RPM and inpeller dianeter.

Up to four fixed speeds nmay be chosen for selection.

Menu Item 5

Eval uate Qperational Factors

Section Menu 5
1.) Punp Spacing & Steady Head Distributions
2.) Evaluate Startup Alternatives

3.) Sunmarize Energy Requirenents

4.) Return to Main Menu

I nformati on necessary for this section is as foll ows:

Locati on of punp al ong the pipeline

Hei ght of punp with reference to the pit punp

I nst ant aneous | evel changes

Di stance from pit punp at which diameter changes
occur in the pipeline

* ok * *

Section 5.1 Punp Spacing and Steady Head Distributions

In this section the steady state head distributions are
presented, in tabular form at different punp

| ocations, instantaneous elevation changes and pipe

di aneter changes for the specified operating conditions
entered in the Main Menu itens 3-3 and 4-2.

Section 5.2 Evaluate Startup Alternatives

This section presents, in tabular form the head

di stributions along the pipeline for a specified
startup sequence of punps. The solution is based, on
water only (S.G = 1.0). The pipeline is assuned to be
filled with water at the tinme of starting the first

punp.

The transient solution is sought in a sequence of tine
steps, each 0.5 seconds in duration. At each tine
step, a force bal ance between water inertia, Ppressure
force and head loss by friction, valves and bends are

19
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used to conpute the acceleration of the nass of water.
The acceleration is assuned to be constant over each
time step. Knowng the velocity at the begi nning of
each tinme step and the acceleration, the final velocity
at the end of the tine step is calculated. This final
velocity is used to conpute head | oss due to wall
friction, valves and bends. The friction factor is
conmput ed using the classical Col ebrook-Wite equation.
Cal cul ations are repeated for successive intervals of
time until the relative change in accel eration between
consecutive tine steps is negligibly small.

Section 5.3 Summarize Energy Requirenents

For the specified system and steady operating
conditions, this section presents, in tabular form the
solids transport rate, the energy requirenent (in Hp-
H/ton-mle) as well as the discharge and suction
pressures at all of the punps in the pipeline.

20
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Usi ng PAPES

The Usi ng PAPES section is a step-by-step guide
through the program There are five major divisions
of this chapter that correspond to the progranmis Min
Menu I tens.

Qperation is nmenu driven and all input is to be
entered at the keyboard and foll owed by the <ENTER>
key. A special feature developed by GW Inc. allows
you to just press <ENTER> if no change to the

di spl ayed value is required. Alternatively, any new
value entered will replace the existing value after
the <ENTER> key is pressed. Displayed val ues may be
normal |y occuring conditions, information froma
previous run, or calcul ated/reconmended data from
previ ous input. This feature wll speed your
progress through the program once you have worked
with it.

* NOTE: Al data that is to be entered nust be
followed by the <ENTER> key.

* NOTE: Use of CONTROL Z will return you to the
current section nenu.

* NOTE: In nost cases screen output will scroll a
page at a tinme with "H T ENTER' to continue.
The screen output, however, can be stopped
(and started) anytine by use of Control S.

* NOTE: Separate printer output is provided for nost
answers displayed to the screen. |If
necessary, however, all screen output can be
toggled to printer using Control P.
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Mai n_Menu

PAPES is a nenu driven program that is easy to use. The

Main Menu of this programis divided into six nuneric
di vi si ons.

Main Menu

Update Pump Performance Data Files

Calculate Slurry and Horizontal Friction
Calculate Overall Pipeline System Resistance
Select or Evaluate Pumps

Evaluate Operational Factors

Quit program

O WP
NI

Wien you are ready to start, Just make your selection
fromthe Main Menu and then press the <ENTER> key.

* NOTE: Al data should be followed by the <ENTER> key.

* NOTE: Sub-sections of major divisions of this program
will be referred to in this way: Mjor division
nunber and then the sub-section numnber.

(Example |-1)
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Miin Mepnu ltem 1
Update Punp Performance Data Files

Main Menu Item 1 of the MAIN MENU has four sections
which allow you to view and/or update the punmp file
that will be used later in the program Here is a |ist
of the sections. This list will be on the screen when
you choose Section 1 of the MAIN MENU

ection Menu 1
Index of Pumps

List Pump Data

Edit and View Pump Data
Return to Main Menu

[ -1 | ndex_of Punps

This section of the programw ||l give you an index of
punps avail able to be eval uated or sel ected.

enter where you wish output to go, either 5 for Screen
or 6 for Line printer

* index will scroll if sent to screen or index wll
print if sent to printer

-- programw |l return to section nenu

1-2 List Punp Data

This section will list data for a certain punp.
enter punp nunber, or enter O for punp search routine

Wiere do you wish to send output? enter 5=Screen or
6 = line printer

——program wi || display Punp Test and-other Data

——-if output is to screen it will stop for an enter
to continue

-- programw ||l return to section nenu
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1-3 Edit and View Punp Data

Section 1-3 allows you to change, add to, and view
punp data. This section includes four smaller
sections. They appear on screen |ike thelist
bel ow.

——3eCtion 1-3

. Modify Existing Pump Data
. 2dd a New Pump

. List Raw Data
Return to Section Menu

oW

Choose 1, 2, 3 or, O from section nenu

* Not e: Each choice above will ask you to enter
different types of data and then will ask you
for the type of nodification you wish to nmake.

1. Choice 1 Mudify Existing Punp Data

enter the punp nunber to be nodified or
0 for search routine

* Note: |If choice is 0. At |east one of the
follow ng four entries nust be entered.

enter discharge dianeter in inches

enter suction dianeter in inches

enter punp type (for exanple LSA, WBC, VERT...)
enter inpeller dianmeter in inches

-- Matches will appear on screen

enter punp number from nmatches given on screen

-- Modification Menu appears on screen

Li st Raw Dat a

Modi fy Punp Data

Pl ot Data Curves

Save Changes and Return to Section Menu
Return Wthout Saving Changes

omwNE

enter type of nodification, 1, 2, 3, 4, or O.
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Choice 1 allows range 1 to 9 of so called card records
to be listed.

*Note: Waere instructions include 2 as choice.
enter card nunber or 0 to exit

enter all nodifications on card # through 9 as
necessary.

*Note: There are 9 cards. They are as |isted:

Punp Title and Reference

Punmp Draw ng Numbers

BEP (Best Efficiency Point) and Duty
Per f or mances

H Q and NPSH Perf or mance

H Q and NPSH Performance

H Q and NPSH Per f or mance

H Q and NPSH Per f or mance

H Q and NPSH Performance

Comments zero flow (Shut Head)
power and throat area in
square inches.

whk=

©o~No U~

* Note: Choice 3 of the nodification menu will plot the
previ ously entered punp on the screen as
verification of the fit of the data to the curve.

after all nodifications on the follow ng cards have
been made, programw ll return to the
Modi fication Menu

enter O to return to section nenu w thout saving
nodi fications or enter 4 to save nodifications

-- programreturns to section menu
2. Choice 2 Add a New Punp

The next database position for the new punp will be
found and not ed. If you wish to copy an exisiting punp

(and nodify it later), enter the punp nunber or enter O
for search routine. Enter the nunber noted for the new

punp if you do not wish to copy another punp.
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* Note: Instructions' choice is 0. At |east one of the
followi ng four entries nust be entered.

enter discharge dianmeter in inches

enter suction dianeter in inches

enter punp type (Ex. LSA, WBC, VERT...)

enter inpeller dianeter in inches

-- program |ists matches of punps

enter punp nunber (#) from matches on screen

-- Modification Menu wll appear on screen

enter #2 from Modification Menu (to Mddify Runp Data)

enter card #1 through 9 punp for nodifications

* Note: There are 9 cards as listed in the Choice 1
section that are also appended. See Appendi x

A for nore informati on about cards.

after all card nodifications have been nmade, program
will return to the Mdification Menu

enter O to return to section nenu w thout saving or

enter 4 to save changes and return to section
menu.

3. Choice 3 List Raw Data
enter range of punps to be listed , Start # and End #
enter range of cards to be listed, Start # and End #

enter 5 or 6 to send output to 5= screen or 6= printer

program | ists data requested
(tn scroll format if on screen)

-- programreturns to section nenu
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Main Menu ltem 2

Calculate Slurry and Horizontal Friction

Section 2 of the MAIN MENU has four sub-sections. They
are as follows:

Section Menu 2
Horizontal Pipe Performance Evaluation
Solids Settling in Liguids

Particle Deposit Velocity Check

Return to Main Menu

owro
o e e .
— e e

2-1 Horizontal Pipe Performance Eval uation

Section 2-1 evaluates the unit length horizontal Eipe
performance of transportation cases cal culating the
pipe friction and unit energy.

enter tenperature in degrees F

enter viscosity of fluid in |b sec/ft sq
enter fluid S G

enter value for Gin ft/set sq

enter inside dianeter of pipe in inches
enter % of pebble

enter % of fines

enter feed size multiplier

enter carrier viscosity correction
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Type of problem nenu appears on screen.

1. Constant slurry flow with different
concentrations

2. Const ant slurrg flowwith different solids
t hr oughput

3. Cbnstantffolids t hroughput with different

ows

4. Constant solids throughput with different
concentrations

5. Constant concentration with different flows

6. Constant concentration with different solids

t hr oughput
0. RETURN TO SELECTI ON MENU

enter type of nodification

input is simlar for all choices so exanple will show
only one case.

operators choice is taken to be 5.

enter any one of the followng three variabl es
mean specific gravity of slurry = .000
wi Il show on the screen.

enter specific gravity of slurry or |eave blank
and hit enter

enter wei ght concentration of solids or |eave bl ank,
hit enter

enter volunme concentration of solids.
screen di splays concentrati ons.
enter slurry flow in USGPM

screen di splays head | oss specific energy and ot her
val ues

enter next flow or zero to exit.
assuni ng operator enters zero.

program asks to print data or not and returns to
Section 2 nenu.
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2-2 Solids Settling in Liquids

This section calculates the velocity at which solids
settle out of the slurry being punped.

enter tenperature in degrees Farenheit

enter absolute viscosity of fluid in (LB FT SQ
enter specific gravity (S.G) of fluid

enter value for Gin (FT/SEC SQ

enter specific gravity (S.G) of solids

enter particle shape factor, use screen table for
reference

enter volume concentration of slurry in percent (%

enter next particle dianmeter in mcrons
or 0

if Ois entered, answer Y or N to the question about
a hardcopy

* Note: DO NOT' USE KEYBOARD WHEN PRINTER IS I N USE

-- programw !l return to section nmenu

2-3 Particle Deposit Velocity Check

This section calculates the velocity at which solids
settle out of the slurry being punped in a pipe.

enter tenperature in degrees Farenheit

enter absolute viscosity of fluid in (LB SEC FT SQ
enter specific gravity (S.G) of fluid

enter value for Gin (FT/ SEC SQ

enter specific gravity (S.G) of solids

enter particle dianmeter in mcrons
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enter pipeline diameter in inches
enter angle of pipe incline in degrees

table of particle deposit velocities and different
delivered concentrations wll appear on screen

enter Y or Nfor a hardcopy
* Note: DO NOT USE KEYBOARD WHEN PRINTER IS IN USE
-- programreturns to section nenu

Main Menu ltem 3

Calculate Overall Pipeline System Resi stance

Section Menu 3

CGet Pipeline Data FromDi sk File
Store Pipeline Data to Disk File
System Resi stance for Single Flow
System Resi stance for Range of Fl ows
Return to Main Menu

oW
— A

3-1 Get Pipeline Data from Disk File

This section allows you to get data fromdisk files for
use in the program Keep in mnd that there nust be
files saved in order to use this section.

enter file nane, use no nore than 8 characters

wait for pronpt that file has been found

-- program returns to section nenu

3-2 Store Pipeline Data to Disk File

This section allows you to store data to disk file
format if you have not saved data in sections 3-3 or
3-4. Keep in mnd that there nust be data available to
be stored in order to use this section.

enter file nane, use no nore than 8 characters

-- programreturns to section nenu
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3-3 System Resistance for Single Flow

This section is divided into four areas, 1. Matrix
Description, 2. Conduit Description, 3. Static Head
Information, and 4. Operating Paraneters.

1. Matrix Description

enter pebble concentration in percent (%

enter fines concentration in percent (%

enter feed size nmultiplier

enter carrier viscosity correction

enter concentration of solids by weight in percent (%

-- note calculated S. G

press <ENTER> to conti nue

2. Conduit Description
enter nunber of different dianter discharge sections

Not e: Ignore at this stage existance of punps other
than pit punp and any | evel changes w thin pipeline.

* Wen Kou enter suction values and di scharge values in
the next section there wll be 7 varrables for
each suction and discharge.

Roughness D a Lengt h Number Bend Val ve
Ins. f eet bends valves K K

enter suction val ues

enter roughness in inches
enter dianeter pipe in inches
enter length of pipe in feet
enter nunber of bends

enter nunber of val ves
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enter bend resistance coefficients

enter valve resistance coefficients

enter discharge values i.e. as noted above for each
di anet er di scharge

press <ENTER> to conti nue

3. Static Head Information

enter suction head frompit or tank to pit punp
centerline in vertical feet

enter discharge head frompit punp to end of pipeline
in vertical feet

enter Y or Nto save pipeline data to disk
4. Qperating Paraneters

enter tenperature in degrees Farenheit
enter elevation of suction in feet

enter desired operating flow, "Head Loss for what
flow?" in gallons per mnute (GPM

table of Head Loss particulars will appear on screen
enter Y or Nto question "Try another flow?"
enter Y or Nto question "Print a hardcopy?"
* Note: DO NOT USE KEYBOARD WHEN PRI NTER IS I N USE
-- programreturns to section nenu

3-4 System Resi stance for Range of Fl ows

This section is divided into three basic sections;
1. Matrix Description, 2. Conduit Description,
3. Static Head Information and, 4. Qperating

Par amet er s.

1. Matrix Description

enter pebble concentration in percent (%
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enter fines concentration in percent (%

enter feed size nultiplier

enter carrier viscosity correction

enter concentration of solids by weight in percent (%
-- note: calculated slurry S.G on screen

press <ENTER> to conti nue

2. Conduit Description

enter nunber of different dianeter discharge sections

Not e: Ignore at this stage punps other than pit punp
and any | evel changes w thin pipeline.

Wien you enter suction and di scharge val ues, keep in
mnd that there are 7 values for each suction and
di schar ge.

Roughness Dia Length Number Bend Valve
ng" ins. feet bends valves K . K

enter all suction val ues

enter roughness in inches

enter dianmeter pipe in inches

enter length of pipe in feet

enter nunber of bends

enter nunber of val ves

enter bend resistance coefficients
enter valve resistance coefficients

enter discharge values as noted above for each dianeter
di schar ge.

Press <ENTER> to conti nue
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3. Static Head Information

enter suction head frompit or tank to pit punp
centerline.

enter discharge head frompit punp to end of pipeline
in vertical feet.

enter Y or Nto save to disk

4. Qperating Paraneters
enter tenperature in degrees Farenheit
enter suction elevation in feet
enter mninmumflow of range in GPM
enter maxi mum fl ow of range in GPM
Note: \Were systemis to be evaluated agai nst a punp
configuration the range should be nade sufficiently
broad to ensure intersection with the total punp head.
-- program gives a table of Head Losses for Range
enter Y or N for a hardcopy
* Note: DO NOT USE KEYBOARD WHEN PRINTER IS I N USE
-- programreturns to section nenu
Mai n nu ltem4

Select or Fvaluate Punps

* NOTEE Main Menu Item 3 (sub sections 1,3 or 4) nust
be performed before you can operate Main Menu ltem 4.1

There are three sections in this division of the Min
Menu. They are as follows:

Section Menu 4
1.) Evaluate Existing Punps (Finds flow)
2.) Selects Punps (Flow given)

0.) Return to Main Menu
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4-1 Eval uate ExI sting Punps

* NOTE: This repeats cal culation done in Section 3
ensuring particulars are entered correctly.

enter tenperature in degrees Farenheit

enter suction evaluation in feet

enter mninmumflow for range in GPM

enter maximum flow in range in GPM

* NOTE: Were systemis to be evaluated against a
punp configuration it should be nmade
sufficiently broad to ensure intersection
with the total punp head.

- table for Range of Head Losses will appear on screen

enter nunber (how many) punps in series to evaluate

(1-9)

* Note: Programw ||l ask for information about each
punp. Instructions include information on only
one punp.

enter database nunber for punp #1 or O for search
routine

* Note: Instructions choice is O

enter at |least 1 of the next 4 neasurenents if you
are in the search routine

enter discharge dianeter in inches

enter suction dianeter in inches

enter punp type

enter inpeller dianeter in inches

- programw || give matches

choose a punp nunber or enter 0 to try again
enter desired RPM of punp

enter maximumlimt of horsepower
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enter desired S. G

enter actual inpeller diameter in inches

enter estimated punp flow for solids effect estimation
if want to override flow above enter % of BEPQ
flow in decimal form

enter 1, 2 or 3 for closest slurry type. Programwl|
cal culate and display solids effect values from
head and efficiency. If you want to override
cal cul ated val ues you can do so using CRTIO

enter depreciation of head curves in percent (%

enter depreciation of efficiency curves in percent (%

enter Y or Nto question "Details OK?"

enter all other punps

-- program gives an evaluation table of total punp
head agai nst total resistance of a given system

reconmended operating point will appear on screen or
no operating point found will be flagged

enter Y or N for a hardcopy
* Note: DO NOT USE KEYBOARD WHEN PRI NTER I'S I N USE
-- programreturns to section, menu

4-2 Sel ect Punps

* Note: Section 3-1 or Section 3-3 nmust have been
perfornmed before using this section. If a
systemresistance for a given flowis
required.

1. System Head Information

enter Y or Nto question "Calculate System Bead Loss?"

* Note: This should be perforned if all values set in

Section 3 were not identical. If Nis
sel ected any flow or head val ues may be
ent ered.
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* Note: Instruction's choice is Y.
enter tenperature in degrees Fahrenheit
enter suction elevation in feet

enter GPM for operational flow required. Program
cal cul ates and di splays head particulars at flow

not ed . .
enter if 'Y or 'NO for question another flow required
enter Yor Nto "Is NPSH to be considered?”
enter NPSH available if different fromthat cal cul ated

enter how many punps to be used in series in the
pipeline (up to 9 allowed)

enter punp to be selected (chosen and varied): 0 for
all punps, 1 for the pit punp, 2 for the first booster
punp punp, 3 for the second booster punp, etc ..

* Note: A choice of O indicates all punps are identica

* Note: READ SCREEN NOTE ON WHAT SELECTION IS CAREFULLY

* Note: |Instructions imediately below are for
choice 0. See further down for non identical
case.

enter notor speed Variable or Fixed (MF)

* Note: If variable speed is chosen, then enter
m ni mum speed and nmaxi num speed for range

* Note: If a fixed notor speed is nom nated enter up to
4 fixed speeds in RPMterminating with a zero.

enter estimted % of BEPQ flow for solids effect
estimation calcul ation

enter sem-volute (C) or annular (A) type of shel
enter 1, 2, or 3 for closest matrix type

enter depreciation of head curves in percent (%
where desire different from cal cul ated val ue
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enter depreciation of efficiency curves in percent (%
where desire different from cal cul ated val ue

enter database nunber of a punp or enter O to |eave
unrestricted

* Note: Instructions' choice is O.

enter any or none of the follow ng neasurements,
DI SCHARGE DI AMETER, SUCTI ON DI AVETER, and | MPELLER
DI AMETER if the selection is to be restricted to
any of these.

programwi |l give a table with particulars of a
sel ected punp(s) and performance

programwi || ask you to Reselect or End (R E)

if there is no match, a reason will be given on
screen

enter Y or N for a hardcopy
* Note: DO NOT USE KEYBOARD WHEN PRI NTER IS | N USE

-- programwll return to section nenu

Where nore than one punp is to be used and they are not
i dentical selections

enter location along Iine of punp too be sel ected

programwi || now ask to specify all other punps,
starting with nunmber 1

enter database number or zero to get search routine,
assumi ng enter punp nunber

program shows punp and inpeller dianeter
enter inpeller dianeter if different than that shown
enter speed

enter estimated % of BEPQ flow for solids effect
estinmation cal cul ation
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enter 1, 2, or 3 for matrix type

enter depreciation of head curves in percent (%
where desire different from cal cul ated val ue

enter depreciation of efficiency curves in percent (%
where desire different from cal cul ated val ue

This is then repeated for all remaining punps
except the punp to be selected

When ail the fixed particular punps have been entered

the programw ||l then ask is speed variable or fixed
and select the last punp as described earlier.

Main Menu ltem5

5.1 Evaluate Operatij B o]

* NOTE: Main Menu Item 3 and then Main Menu Item 4
(subsection 2) nust be performed before you can operate
Main Menu Item 5.

There are 4 subdivisions of this Main Menu Item

Section Menu 5

Pump Spacing & Steady Head Distributions
Evaluate Startup Alternatives

Summarize Energy Reguirements

Return to Main Menu

o W N

— et e

5.2 Read User |nput from Keyboard for Main Menu ltem 5

Upon choosing this section, you have to type in the
common input for all subsections of Main Menu Item 5.
There are 3 divisions of the information you nust
enter; 1. Punp Information, 2. Elevation Changes and 3.
Pi pel i ne Data.

* Note: In all cases, the values that appear on screen
(default values) are the values entered during the use
of Main Menu Item 3 and/or 4.
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1. Punp Information
enter the nunber of punps along pipeline (Maxi num 9)

*Note: Programwill ask for information about each
punp in the pipeline, starting with the pit
punp. Instructions are only given for punp #l.

enter distance in feet fromthe pit to punp #l

enter height in feet of pit above pit punp centerline
(C.L.). Enter negative value if pit is bel ow punp
centerline.

enter height in feet of plant discharge above pit punp
centerline (C L.)

enter head added to system by punp #1 in (feet-slurry)

enter data for all other punps in pipeline

2. El evation Changes

* Caution: Static Head at suction and plant discharge
are separately accounted for. These should not be
entered as el evation changes. The programw || ask for
i nformati on about each el evati on change al ong pi peline.
Instructions only include elevation change #l.

enter length (feet) along pipe frompit to first
el evati on change

enter Rise (+) or Decrease(-) (feet) in elevation
enter data for all other elevation changes

3. Pipeline Data

enter nunber of pipe sections, different dianeter pipes
in the pipeline

*Note: Programwill ask for information about each pipe
section. A mnimm of two pipe sections --
exactly one for the suction conduit and at | east
one for the discharge -- nust be included.
Instructions only include pipe section #l.

enter length (ft) of section #l
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enter inside dianeter in inches of section #l

enter friction head | oss (including valves & fittings)
in Ft. -Slurry for section #

enter data for all sections of pipeline

enter Y or N for hardcopy of input
* Note: DO NOT' USE KEYBOARD WHEN PRI NTER IS I N USE

-- programreturns to section nmenu

5-2 Punp Spacing & Steady Head Distribution

This subsection of the Main Menu Item5 wll give a
tabl e of punp locations and the steady state head

val ues at the suction and the discharge of each punp.
Wien head is negative, a warning will be given to check
for local cavitation. The suction and di scharge
pressures in PSI al so appear in the table.

5-4 Evaluate Startup Alternatives

This subsection will give the transient head
distribution in the pipeline for any startup sequence
of the punps. The transient solution is valid for water
alone, with the pipeline initially full of water.

program asks for the startup order of punps

enter the nunber of the punp (along the pipeline) that
will be started first, second and so forth
( Maxi num of 9)

enter the tinme intervals between adjacent startups.
The mnimumtine interval is 1.0 seconds.

tabular results will appear on screen after every five
seconds of operation of the system The out put
includes the tinme after the first startup, flow
rate (USGM, transient head in feet and warni ngs
for cavitation.

enter Yor Nto get a hardcopy of results
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* Note: DO NOT USE KEYBOARD WHEN PRI NTER IS | N USE
9-5 Summary of Energv Requirenments

This subsection of Main Menu Item5 will give the
energy requirenents for the chosen steady operating
poi nt .

enter Y or Nto get a hardcopy of the results fromthis
section
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A ossary

This section of the manual is a reference guide to
terns, abbreviations, and functions used in the
program
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This section of the nanual is divided into three

smal | er divisions. They are 1. Terms, 2. Abbreviations,
and 3. Functions.

1. Terns

Absol ute viscosity of fluids -- the resistance of the
fTuid being punped, often in (LB SEQ\ FT SQ.

C.L. or Centerline -- the shaft and suction branch
center on a punp.

Card Nunber -- the nunber given to a test card, used in
nmodi fyrng or adding information about a punp's test.

Di scharge Dianeter -- the inside size of a discharge
pi pe com ng out of a punp.

Di scharge head -- the amount of pressure at the punp
di schar ge.

E value -- (roughness) average height of the asparity
Friction Head Loss -- anmount of pressure |oss along a
'ength of pipe.

G value -- Acceleration due to gravity, G gravity =
3717 Tt/sec?

Hardcopy -- a printout of data.

Head - the pressure in units of feet of specified
rrquid.

Head Loss -- a loss of pressure in a piping system due

fofriciton of pipe, valves or bends.

Inside Dianeter of Pine -- the maximumwi dth in inches
of the inside of a pipe perpendicular to its axis.

Inmpel l er Diameter -- the maximumlength in inches
across an 1 npeller shroud.
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K value -- resistance coefficient for valve, bend or
fitting

Matrix -- a mxture of solids and water (liquids) being
punped.

Mcrons -- a particle size that nmeasures one mllionth
of a meter.

NPSH or Net Positive Suction Head -- absolute pressure
usually at pit punp suction. If NPSH avail able is not
greater than NPSH needed, cavitation will occur.

Particle Volunetric Shape Factors -- volune of particle
over diameter of circle having the sanme maxi num
projected area.

Pebbl e Content -- the percentage of pebble in a matrix

where pebble is particles of dianmeter greater than 1200
m cron.

Pine Sections -- the length of pipe of a certain

di aneter. The suction section is the suction pipe for
the pit punp. Di scharge Section # starts at the pit
punp di scharge and continues to the first pipe dianeter
change. If there is no dianeter change, there is only
one discharge section

Punp Nunber -- the nunber assigned to a punp in the
dat abase.

Punp Types -- the class, style or nodel of a punp. (Ex.
LSA, WBC, VERT...).

Search Routine -- a nmethod that allows user to find a
punp nunber when one is not known.

Slug -- unit of nmass determined this way Ib - sec’+ ft
S G or Specific Gavity -- the density relative to

mhter. The S.G of water is 1.0.

Static Head Loss -- head |oss or gain due to el evation
change.

Suction Dianeter -- the size of the pipe going into the
punp.
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Suction Head --

the pressure in feet of liquid at a

gi ven punp suction.

2. Abbreviations

BEPQ

c.L.
disch.
dia.
ft.
GPM
in.
I\DI2

imp.dia.

1b.
NPSHA
c.G.
sec.
suct.
dia.
sq.
vel

pump best efficiency flow qguantity at a given

rpm
centerline
discharge diameter

feet

gallons per minute

inches

inside diameter

impeller diameter

pound

net positive suction head avallable
specific gravity

seconds

suction diameter

squared
velocity

3. Functions

<ENTER> key -- nust be used after each data entry
CONTROL S -- stops and restarts screen printing
CONTROL P -- t\/\%?l es screen output to printer as
CONTRAL. Z - - \r,r\nerlulj return you to the current section
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Appendi x A
Card I nformation

This appendi x is an exanple of the cards that wll
appear on screen in section |-3. The bol df aced areas of
this index include information that is necessary for
the user to enter when addi ng a punp.

————— Card 1: ------Pump Title & Reference-~-——=-m-—=—w—w--
LSa40 (39)HP AH12-3/4/4RV12-3/8 (Example)
Punp Type: :
Discharge Dia: Suction Dia:
Salescurve #:
Hydr basis #:

————— Card 2: ------Pump Drawing No's-=---c-r~sooreme——-
Arrangement:

Casing:

Impeller:

————— Card 3:------BEP & Duty Performance-----~-----=----
Test Curve No: BEP Qty: BEP Head:

Best Efficiency: Rotat.Speed: Test Imp.Dia:

Outside Dia. Passage Width b2 (test): -
Performance Basis noted above is E/T/S:
Comments on Performance Basis:

————— Card 4:------H & Q Performance---——=~-——==-—==———=--
Readg No. Qty Head Ef£f. RPM NPSH Sigma Test

1.

2.

3.

----Card Si-==--~- H & Q Performance--------c-mwee—moo———
Readg No. Qty Head Ef¢f RPM NPSH Sigma Test

————— Card 6:-----H & Q Performance----===———=—==—————=--
Readg No. Qty Head Ef£f RPM NPSH Sigma Test
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----- Card 7:-----H & Q Performance---------------------
Readg No. Qvy Head Eff RPM  NPSH Sigma Test

10.

11.

12.

----- Card 8:-----H & Q Performance---------------------

Readg No. Qvy Head Eff RPM  NPSH Signa Test
13.

----- Card 9:-----HQ Performance-----------------------
Shut Head Hor sepower

Per f ormance Basi s

Throat Area

Units.

Shell type Sem -volute (C) or Annular (A

48



Appendi x B

Appendi x B Error Messages

F indicates "fatal". Programwll termnate after this
error.

Wi ndicates "warning". Programw || continue but
results are unpredictable

| indicates "informative". Programw || continue as
indicated by the error.

Ceneral Error Messages

F The resident part of PRI NT nust be | oaded before
you run PAPES.

Because this programtries to print files using the
print spooler, the PRINT programnust be run before
PAPES. For nore information on PRI NT see your DOCS
manual .

See also: Installing PAPES

w I NVALI D PARAMETER: > text <

The paraneter text typed on the command line is not a
valid paraneter.

Section 1
No error nessages

Section 2
NO error nessages

Section 3
F Iterative solution error in "CLAY" subroutine
F lterative solution error in "NOCLAY" subroutine

An error occurred calculating the head |oss at a
particular velocity. Check your velocity and try
again.
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Appendi x B

The file pane already exists. Do you wsh to
overwite it?

You tried to save a data file with the nane of an
existing file. |If you want to replace the existing
file answer "Y' to the question. If you wish to give
the new i nformati on anot her nane answer “N’ and then
save the information using Section item 2 of Section 3.

w There was an error opening the file
w There was an error closing the file
W There was an error reading the file
W There was an error witing the file

Wiile trying to open, close, wite to, or read from a
file an error occurred. This usually indicates a
hardware error. Hardware errors which could occur_
include but are not limted to: Wite protected disk,
not enough avail abl e space on di sk, hardware parity,
and directory not found errors.

When one of these errors occurs when trying to wite
information to disk, that information is witten.

When trying to read information, the information to be
read is undefined.

Section 4-]|
| BHP needed exceeds naxi num avail able BHP at the
flow Qperation beyond this flow overl oads and

(if applicable) reduces speed according to notor
characteristics.

The power needed to drive the punp is greater than the
avai |l abl e power. The speed of the punp is reduced
according to the characteristics of the notor

See al so: Under st andi ng PAPES Section 4-1

| Overl oadi ng beyond xxx GPM has caused head
reducti ons! This punp will be considered as
addi ng no additional head beyond this point.

The speed reductions at this flow caused by overl oadi ng
the notor are |arge enough to keep the punp from addi ng
head to the system

o0



Appendi x B

Section 4-2

Rej ection nessages from Sel ect:
If the punp that you chose to be sel ected does not neet

certain requirements it wll be rejected. The reason
the punp is rejected will be one of the foll ow ng:
| Rej ected due to excessive inpeller turn up

The inpeller needed is nore than 2% 1| arger than the
standard inpeller.

| Rej ected due to excessive inpeller turn down

The inpeller needed is nore than 30% snall er than the
standard inpeller.

| Rejected: throat velocity exceeds limt

The cal cul ated throat velocity is larger than the limt
at the chosen duty.

| Rej ected: branch velocity exceeds limt

The cal cul ated branch velocity is larger than the limt
at the chosen duty.

| Rejected: |Inpeller peripheral speed exceeds |limt

At the speed (RPM chosen the inpeller surface feet per
m nute exceeds a safe limt.

I Rejected: Duty flowis less than 10% of BEP fl ow
The chosen flow rate is | ess than 10% of the BEP fl ow.
In other words, the flow is not near enough the BEP to
be operating efficiently.

| Rejected: Duty flowis over 150% of BEP fl ow

The chosen flow rate exceeds the BEP enough to cause a
significant decrease in efficiency.
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Appendi x C

Appendi x C Correl ation Accuracy and Correction
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Appendi x C

Chart
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Appendi x D
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Appendi x E

Exanpl e Qut put
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* CORRELATION ACCURACY AND CORRECTIONS

TOORERS
MINE NORALYN SUWANNEE PRATRTE
% PEBBLE APPROX 46 APPROX 1 APPROX 12
% FINES APPROX 28 APPROX 12 APPROY 28
COARSE AND |
COMMENTS DIFFICULT | CASY PUMPING MEDIUM
To puwp | FINES < 20%)
\CCURACY OF | % FIT AT | 1% FOR Cw=50% e o
SURVES KITH 15 FT/S | 5% FOR Cw=35%
15 1/4* | OAND @ = 1 FORM 600D 600D cancermarion cove ( sox 1
PIPE @ AT LOW VELOCITIES (<45 FT/S)
FEED SIZE | { FOR Cw=50%
DIA 1 1
Sgg??i;ﬁ“ MULTIPLIER |.92 FOR Cw=354
ISCOSITY COR-
VALUES @gvscmn FACTOR 1 .73 1
coUmACY OF | % FIT AT [2% FOR Cw=50% o o
SURVES WITH 15 FT/S | 5% FOR Cw=35%

17 174 | OAND @ = 1 FORM 600D 500D CONCENTRATION GURVE {500
PIPE _ AT LOW VELOCITIES (<15 FT/S)}
DIA SUGGESTED %JLETEIDPLSIIEZRE .95 1 4 F

OPTIMUM
ISCOSITY COR-
VALUES ~ |@yIscosiTy coR 4 73 !
\CCURACY OF | % FIT AT |5% FOR Cw=50% = »
SURVES WITH 15 FT/S | B% FOR Cw=35%
19 1/4" | OMD @ = 1 FORM 600D 500D |concomarion come ( sox
PIPE @ AT LOW VELOCITIES (<45 FT/S).
FEED SIZE
A
DI sgg$§sain MULTIPLIER .80 ! !
M @ vIscosITY
VALUES CORRECTION 1 .73 1

FACTOR

GENERAL COMMENTS

DUE TO THE LARGE
PEBBLE X, THE FEED
SIZE MULTIPLIER MAS
A GREATER EFFECT THAN
THE VISCOSITY COR-
RECTION FACTOR. FEED
SIZE MULTIPLIER AND
VISCOSITY CORRECTION
FACTOR VALUES LESS
THAN ¢ PRODUCE A
DECREASE IN THE
NASNITUDE OF HEAD

LOSS, AND VICE-VERSA.

IN GENERAL, BOTH
THE FEED SIZE
MULTIPLIER AND THE
VISCOSITY CORRECTION
FACTORS HAVE ONLY

A SLIBHT EFFECT ON
THE MAGNITUDE OF
HEAD LOSS. AGAIN,
THE DIRECTION OF THE
EFFECT IS SINILAR TO
THAT OF THE NORALYN
PHOSPHATE.,

EFFECTS ARE SIMILAR TO
THOSE FOR SUWANEE RIVER

PHOSPHATE, EXCEPT AT HIGH

CONCENTRATIONS AND/OR
AFTER A LOT OF MOVEMENT
THRU PUMPS SUCH AS IN
LAB TESTS. TENDENCY FOR

INCREASES IN VISCOUS HEAD

LOSS DUE TO CLAYS.

”
FIGURE 28



SECTION 1.1

‘ 27/ JAN/BY 2B:@&5:58
SUMMARY OF PUMP DATA PASE FILE

No. DSCH SUCT PUMP TYPE ASSEMBLY SHELL IMPLR TEST CURY
1 16 /1B WBO 4B (39)HP A 4RV 1768D 174@D &667C Ti724-81
2 148 /1B WSO 40 HP A& 3ME 2ZZ262D 17480 2@37D TI77A-81
3 1B /18 W50 44 A 4RV 1591D 159@D 88%C Tz -8@
4 18 /18 LSA 44 ¢ H3ME z@7@8D 2@67D  3B16D T 71 -85
5 18 /2@ LSA 4B (486) A H3ME *1123D 1124D 198D T/ TZ44 -g1
& 18 /2B LsA 48 A H4RV  132ZD 13210 1145¢C 233 -8l
7 18 /18 LBA 44 € H3ME 2086D 2872D 2016D T 86 —-81
g 18 /18 WBC 46 C H3ME - : 3164D 3162D E 3ZR-85
7 18 /20 WRBC 54 C H3ME 3461D 3454D 3456D Tiig -B5
1@ 18 /18 WBO 44 A 3ME 1635D 159@D 2016D-00 Ti73 -8O
11 18 /718 TOM 4@ C H3RV P1&31&~1 P1&387-4 o Tig® -8z
12 28 /728 ToOoM 32(5Q) C H3RV T-z@zBe T 84 -81
12 1& /18 TOM 46 C H4RV P-1601-7 ' T &6 8@



SECTION 1.2

27/J6N/89

FERF AROVE I8 EST/TEST/STANDARD (E/T/8) NOTED

HYDRO TEST PRESSURE 1.88 psi

SHUT HEAD POWER IS 338.3°

CT COLLECTOR TYPE S/D/A/CH s ACTUAL THROAT AREA
DIA RATIO .98 EFF RATIO WRC44

20:@5:14
PUMP NO:

(AAT)

————————— e e~ PUMP-TEST DATARASE INFORMATION LISTING - -
TITLE ARND REFERENCE INFORMATION DRAWINGE -
13 e WEC 54
¢ Hiil- 1/ Z/3MEL11- 1/ 4 ASSEMBLY Z4&1D -
CASING 34540 =]
SalLES CURVEH® T 87 -B&3 IMPELLER 58D F
PEP PERFORMANCE
QUANTITY (GPM) 18406.79
HEAD (feet) 191. 4
EFFICIENCY 83.8
RPM 450.0
TEST CURVE NO T 87 -86
Impeller Diameter (inches) 54.000
BEP PERF NOTED 18 EST/TEST/STAND (E/T/8)=T
PUMP RATED PERFORMANCE
RPDE NO QUANTITY HEAD EFF RPM NPSH SIGMA TESTS
( GPM) (f+) (f+)
1 41,2 233.6 .9 450. 8 B mmm————
= 2156.6 232.3 33.2 450.@ B e
3 4@74.8 230.6 49.9 450.0 B mmeme———
4 5189.0 228.3 61.3 450.8 B eemme——
5 73881.4 227.0 67.8 450.Q@ B mem———
& 180855.3 219.2 75.7 45@.0 6.5 S B6 -Bs&
7 12414.5 211.6 88.3 458.0 LB mmm————
= 14373.8 Z04.2 2.4 450.0 B em——
< 15253, 1 197.9 83.5 450.0 @ m—————
i@ 18005.8 192.2 B4.0@ 450, 0 2.0 s885—-86
11 19024 . 4 188.8 83.9 458.0 B mm———
1z ZB1&6. 4 184,7 83.7 450. 0 B  ——————
i3 223867 175.9 8Z.4 450.0 8 mm——————
14 23739.5 1786.7 81.8 450.0 Z20.Q 884-36
15 24933.5 166.8 81.4 450.0 B mm———

155, 20@ BASIE 1.174



SECTION 1.3.3

Eope g N R K RKawr L TETING PUMP DATA BASE #¥EFEEEEXEEREFE
PlME # & 15 =@ WEBEC S4 S Hlil— 1/ Z/ZME11~ 1/ 4
————— CARD 1:f ~———————e—e—— PUMP TITLE & REFERENCE ———=—————-
Pump Tupe! WBC 54 COHil- 1/ Z/73MELL- 1/ 4
Pume Serial Noe -
Discharge Dia: 18 Suction Diat =0
Salescurve # E B7B2-86& Hydr basis # T118 -8
————— CARD 2t —=——e—emee—— PUMP DRAWING NO’g —————————
Acsemblyt 3461D
Casing: 3454D
Impeller: 3456D
————— CARD 3i === —w——we——— BEF & DUTY PERFORMANCE ——=——————-
Test Curve No: T 87 ~-86 PR.E.P. Qty: 18406.9 P.E.F. Head:
Paet Efficiency: 83.8 Rotat. Speed: 458.@8 Teset Imp. Dia:d
Metric/Brit/US M/R/U U
Performance Pasis noted above is Estimate/Test/Standard E/T/S: T

Comments on Performance Pasis:? 1.174 DIA R&

————— CARD 4% ———m—————— H & ) PERFORMANCE —=————————
Feadg Qty Head Eff. RPM NPSH Sigma
MNo. Test

1 41.2 233.6 .9 452.0 B mm—————
z 2156. 6 232.3 33.2 450.0 B em————
3 4074 .8 238. 6 49,9 450.0 B m————
————— CARD 5: =———————e—— .
4 £189.08 228.3 61.3 45Q.0 B mm————
5 TEBl. 4 227.0 &7.8  450.0 B mme————
& 19055, 3 219,z 75.7 450.8 6.8 § By -84
————— CARD 68 —e—m——————
T 12414.5 211.4 80.3 450.0 B mme————
8 14373.8 Z204. 2 BZ.4 450.0 B me——————
T 16293.1 197.9 83.5 450.0 B memm———
----- CARD 71 ——=———me————
i 120@5.8 192. 2 84.0 450.0 12.0 S85-846
i1 19@24.4 188.8 83.9 450.8 B mmer————
12 Z@1béé.4 184.7 83.7 45B.0 B me———
————— CARD B ———we—————
12 ZE386.7 175.9 8Z.4 450.0 B mmm——
14 Z23739.5 1780.7 81.8 450.0 z20.0 S84-B6
15 249323.5 166.8 8l.4 45%0.0 B mme————
————— CARD 9! ———emmmee—e COMMENTS ~— e

Comments? EASIS 1.174 DIA RATIO
Stut Head Horsepower: 33@8.3
Actusl Throat Area (/AT

.28 EFF RATIO WRC4é&
Perf Rasis:? E
1553, 200 CT

Units MJBR/U:
Collector Tupe

S/D/Aa/Ce

i91.4
54.000

U



SECTION 2.1

nvironmental Data!

..... e s w s E e e o 7. 000 deg.
cosity of fluid ... Q@R 1b met/ftA2

Farenheit

TRANSPORT RATE SLURRY

Spec ravity of fluid .... . o8
DY EYVITIH s s s s s s s s e nn s ks 2,170 frt/sechr
Fipe inside diameter s e e eess 17.258 inches
Fipe RoughnesSsS s esesas s ar e , 2BPR5@ feet
Matrix Data:
Specific Gravity of Solids ... 2. 650
Pebble Concentration (%) c.seane 446.000
Fines C(Concentration (X)) ...0s0a4 Z8. 200
Feed Size Multiplier .scesseccesna . 7250
Carrier Viscosity Correction ... 1.068
VELOCITY FRICTION ENERGY FLOW RATE
NI Jm HP~HR Q

(FT/BEC)

9. 794
4,558
2@, 63z
17.578

15,135

FT SLY/FT TON MI  GPM FT3/SEC

. P83 1.394 217@3. 48. 35
L0718 . 858 17889. 39.86
L2576 578 15D=29. 33.48
. 0430 L4119 12804, 28.53
. D47 L3221 11825. 24,56

TON/HR

Z020. @
2000.09
2000.0
Z002.0
2002.0

LE/SEC

1111.1
1111.1
1111.1
1111.1
1111.1

8G

B

1.33
1.28
1.33
1.39
1.453

CONCENTRATION

Cv

i

12.9
16.9
28.1
23. 8

27.4

-
L

ns

s

0.6
5.8
48. 0
45.0@
S@.0



SECTION 2.2

ling of sclids particles in a ligquid
5SS 00400800000 0000000000000 N 000,
des marticle 5.6, ... Z2.6508 Carrier liquid E.G6. = 1.086
pme factor K o..o.c.e... L2650 Absoclute viscosity (LE SEC/FT =0r= . BRRADZES
ue of & (FT/738EC B00.. I2.170 Specific weight of fluid (LE/FT &0 = &I, 2
iorry concentration by VOL (W) Pl inis
DIMENS PARTIC DRAC SPHERE SHAPE SHAFE TERMIN HIND = HINDERED
GROUP REND NO COEFF TER VEL FACT COR VEL INDEX SET VEL
ND RE CDh FT/SEC K Ké FT/8EC N FTASELC
1328, 22, . Bz 33. 04 . B2&5 260 520 2138 4,426 Q251
=58. 348. 8,724 4.58 L1126 L2600 562 . B633 2.543 0287
52@. 2788. 4@, 112 1.73 L2588 260 581 15084 .04 J@B743
758. 409, 9@.&55 1.14 L3900 L2600 L5677 L2211 Z.804 1183
1888, 22302, 157,988 .89 . 5897 268 .546 . 2783 2,652 1540

20aa. 178420, 568. 806 .55 2176 J26B W517 4747 2,408 2779



SECTION 2.3

Fiuio Speciftic Gravity seeesscss. [, L 99T
VizgcoZith e n e s ws s s anns {1'p sec/Ft L), . 2DaB948E-04
Fiuid Friction FECHOP cveseennnonesonnsss L. L0130

Snlids Specific Graviiy ceovecrsnsansre fa e 2. 2580
Coefticiont of mechanical-sliding friction . . ZEERY
Volumetric fraction of seclide .. e e -Yulninie
Farticle diamefer ..sssvenserrsnasnsarnssannces 5288.0 microns

Pipe diameter = 17.250 inches SLOPE = @. deg

CALCULATED RESULTS:

Vem = 11.64 ft/s Cam = .126
Cvd Ve (ft/s)
. @58 - 9,302
. 100 11.43
L 150 11.5@
. 208 18.53
258 8.99
. D@ .20
., 350 5.37

. 400 3.65



SECTION 3.3

Pipeline Informeation

Hatrix Description
Fehhle Fractioni?) is46. 008
Fines Fractioni(¥) 1isZ8,000
Feed size multiplier iz .95@
Carrier viscosity correction is 1.Q0Q
Solide Concentration by WEIGHT (%) = 4@.000
Slurry S5.G. = 1.332
Section Roughness Dia. L.ength NUMBER BEND VALVE
g in. ft, BENDS VALVES K K
Zuction . 2020050 17.250 6R.0 @ @ . 300 .100
Disch#l . BBRESY 17.25@023700. 0 ] ] . 308 .100

Static Head Information:
Vertical distances from Pit Pump Center Line
A negative number indicates a position below Center Line.

Suction (vertical ft) ..cwens...  =5.000
Fimal Discharge (vertical fi) .. ' 5.000

FEERFEERFXFEXEEFEEXR%E SYSTEM HEAD EVALUATION 9535 5555 %5545 %% K ¥ EEH¥

DISCHARGE #1 MINIMUM FRICTION VELOCITY = .2 Ft/s & 5993.PM
Minimum Flow (GPM) ........... 5993,
Temperature Farenheit ...ccre.  70.0
VAPOR PRESSURE (feet Slurruy)l. 63
Suction Elevation (feet) ..... 2.

HEAD LOSSES EVALUATED AT 15398. GPM

NOTE: Inlst and Cutlet Losses neglected. Standard Atmopheric Pressure assumed.

PIPE  VELOCITY REYNOLDS FRICTION RESISTANCE IN
SECTION FT/S NG. FACTOR  CONDUIT  RENDS  VALVES TOTAL
Suction 2i.1  .B37SE+Q6 .@1201 3.57  .p0 .00 3.6
Disch#i 21.1 .BI75E+D6 .Q1iZ01  141@.55 .00 .00 1410.5

TOTaAL ZYSTEM RESISTANCE (including static) is 1424.1 £t Slurry
NFSH AVAILABLE is ' 16.3 % Slurry



SECTION 3.4
Fipeline Information

Matri Description:

Pebhle Fraction(i) ics446.200

Fings Fractionii) 1=Z28.Q088

Fesd size mulitiplier iz .9350

Carrier viscosity correction is 1,086

Solidse Concentration by WEIGHT (%) = 40,000

Slurry 5.G., = 1.332
Section Roughness Dia. Length NUMEER BEND VALVE
"E"® in. ft. BENDS VALVES W K

Suction 000050 17.25¢ 8.0 2@ @ .308 . 100 B
Disch#l . 208250 17.25@23780.0 @ @ 3020 .100

Static Head Information:

Vertical distances from Pit
A negative number indicates

Suction (vertical ff)
Finmnal Discharge

(vertical f+)

Pump Center Line
a position below Center Line.

-5. 000
5.000

FEFEERRELHEFEXXRXEXEE SYSTEM HEAD EVALUATION S55% R85 H 6% %5 R K&, XX

DISCHARGE #1 MINIMUM FRICTION VELOCITY = 8.2 ft/s &8 5993.GPM
Minimum Flow (GPM) .c.evieoasens 5993.
Temperature (Farenheit) ...... 70.0
Suction Elevation (feet) .c.aa 2.

HEAD LOSSES EVALUATED FOR FLOW RANGE
5993. to ZDROB. GPM
NOTE: Inlet and Outlet Losses neglected. Standard Atmopheric Pressure assumsd.
FLoiw SUCT DBECH 1 8TATIC TOTAL RES NPSHA
GPM ft liq ft ligq ft liq ft lig ft liq

5793, 2.0 78l1.4 18.0 793. 4 17.9
L476. 2.0 781.7 1.0 T793.7 17.9
6759, 2.8 787.3 10.8 799.3 17.9
Tah, 2.0 797.5 180.0 809.5 17.9
7RIS, Z.1 811.8 18.0 823.9 17.8
8408, 2.1 830.0 10.0 842.1 17.8
f2e9l. 2.2 851.7 190.@ 863.9 17.7
9374, Z2.2 876.7 10.@ 888.9 17.7
9857, 2.3 904.8 18.0 ?17.1 17.6
10348, gy 935.8 18.0 P48. 2 17.5
18823, 2.5 969.6 10. @ 98z.02 17.4
113826, 2.5 19046.0 1@¢.@ 1018. 6 17.3
11789. T.& 1845.1 10.08 1@57.7 17.2
SEVZE. .8 1DBe.AS 18.0 1099. 4 17.1
12785, 2.9 113@. 6 1g.@ 1143.5 17.@
238, =. 0 1176.9 10.0 118%9.9 16.9
13721 3.1 1225.5 18.8 1238.6 16.8
14204, 3.2 127&6. 4 10.@ 1289.6 16.6
14687. 2.4 1329.38 12.@ 1342.8 16.5
15178. ‘3.5 1384.7 18.@ 1398.2 16.4
154653, 3.7 144Z2.1 10.0 1455.7 16. 2
16136, .8 1581.5 1.2 1515.3 1601
16519, 4.8 15&63.1 16.0 1877.08 15.9



1718z, 4.1 1626.7 C1B.@ 1640. 8 15. 8 i
17585, 4.3 1892.3 12.0 1706. 6 15. 6 SECTION 3.4 Continued
18048, 4.5 1759.%° i0.02 1774. 4 15. 4 '

19551, 4.4 1829.5 12.0 1844.1 15,2

19@34. 4.2 19@1.1 10. 0@ 1915, 9 15,1

I9517 5.0 1974.¢& 18. 0 1989, 6 14,9

ZAGED 5,7 2501 10,0 2@sE.Z 14,7



SECTION 4-1
EVALUATI ON OF PUWPS AGAI NST G VEN SYSTEM

DATAPASE # 10 18 x 18 WO 44
PUW TYPE: A 16- / [3ME15- 5/ 8 TEST BASIS: T173 -80
MOTOR CHAR = ELECTRIC SYNCHRI ONOUS NMAX AVAI LABLE BHP: 1500. RPM 590.

TEST IMP DI A 44. 000 SLURRY S. G 1.332 SOLIDS EFFECT FOR HEAD 5. %
ACTUAL I MP DI A 44.000

NOTE:
BHP needed exceeds the maxi mum available BHP at 13793.1 GM
Qperation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
DATABASE # 8 18 x 18 WBC 46
PUVP TYPE: C H11- 1/ 2/3ME1l- 1/ 4 TEST BASIS : E 32B-85
MOTOR CHAR. = ELECTRI C SYNCHRI ONOQUS MAX AVAI LABLE BHP: 1500. RPM 505.

TEST IMP DA 46. 000 SLURRY S.G 1.332 SCLIDS EFFECT FOR HEAD 4. %
ACTUAL | MP DI A 46.000

NOTE:
BHP needed exceeds the maxi num avail able BHP at 25615.8 GPM
Qperation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
DATABASE # 10 18 X 18 WSO 44
PUMP TYPE. A 16- | [/3ME15- 5/ 8 TEST BASIS: T173 -80

MOTOR CHAR. = ELECTRIC SYNCHRI ONOUS NMAX AVAI LABLE BHP: 1500. RPM 505.
TEST IMP DA 44. 000 SLURRY S. G 1.332 SOLIDS EFFECT FOR HEAD 4. %

ACTUAL | MP DI A 44.000

NOTE:
BHP needed exceeds the maxi num avail able BHP at 23645.3 GPM
Qperation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
DATABASE # 10 18 X 18 W50 44
PUMP TYPE:. A 16- |/ [/3ME15- 5/ 8 TEST BASIS: T173 -80
MOTOR CHAR. = ELECTRIC SYNCHRI ONOUS NMAX AVAI LABLE BHP: 1500. RPM 505.

TEST IMP DI A 44. 000 SLURRY S.G 1.332 SOLIDS EFFECT FOR HEAD 4. %
ACTUAL | MP DI A 44.000

NOTE:
BHP needed exceeds the maxi num avail able BHP at 23645.3 GPM
Qperation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
DATABASE # 10 18 X 18 WSO 44
PUMP TYPE: A 16- | [3ME15- 5/ 8 TEST BASIS: T173 -80
MOTOR CHAR. = ELECTRIC SYNCHRI ONOUS NMAX AVAI LABLE BHP: 1500. RPM 585.

TEST IMP DIA 44.000 SLURRY S.G 1.332 SOLIDS EFFECT FOR HEAD 5. %
ACTUAL | MP DI A 44.000



BHP needed exceeds the maxi mum available BHP at 13793.1 GPM
Operation beyond this flow overloads and (if applicable) reduces speed

4.1 according to notor characteristics.
Cont'd
DATARASE # 8 18 X 18 WRC 4&
PUMP TYPE: C Hil= 1/ ZV3MELLI- 1/ 4 TEST BASIS: E 3IZE-B5
MOTOR CHA&R. = ELECTRIC SYNCHRIONOUS MAX AVAILABLE BHP: 15@8. FRPM: 525,
/

TEET IMF DIA 4&, @EGE SLURRY 3.G. 1.3Z3: SOLIDE EFFECT FOR HEAD 4.
ACTUAL IMP DIA 4&. 080

NOTE :
BHP needed exceeds the maxi mum avail able BHP at 25615.8 GPM
Operation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
DATABASE # 10 18 X 18 W0 44
PUW TYPE: A 16- | [/3MEl5- 5/ 8 TEST BASIS. T173 -80

MOTOR CHAR. = ELECTRI C SYNCHRI ONOUS MAX AVAI LABLE BHP: 1500. RPM  585.

TEST IMP DA 44.000 SLURRY S. G 1.332 SOLIDS EFFECT FOR HEAD 5. %
ACTUAL | MP DI A 42.000

NOTE :
BHP needed exceeds the maxi mum avail able BHP at 16748.8 GPM
Qperation beyond this flow overloads and (if applicable) reduces speed
according to notor characteristics.
FLOW TOTAL SYSTEM HEAD PRODUCED
RESISTANCE BY PUMP(S)
GPM ft slurry £t slurry
5992.8 793. 4 1471.0
£475.8 793.7 1664, 1
6752, 8 799.3 1457.0@
Ta41.8 er9.5 1449.6
7924.9 823.9 1441.,9
8407.9 B84%. 1 1433.9
82890. 9 863.9 1425.6
93I73.9 888.9 1417.1
9856.9 917.1 1428.3
1@339.9 48,2 1399.2
18822.9 98%.0 1389.8
113@5.9 1018. 4 1380. 1
11788.9 1@57.7 1370.2
13271.9 1099. 4 1360.0
12754.9 1143.5 1349.5
132327.9 118%9.9 1338.7
13720.9 1238.6 1327.7
142@3.9 1289.6 1316.4
145686.9 1342.8 1304.8
151&9.5 1398.2 1292.9
15552.9 1455.7 - 1280.7
16£136.0 1515, 3 1268.3
16619.0 1577.0 1255, &
17102.0 1640.8 1242, 6
17585.0 1706. 6 1229.3
18048.0 1774.4 1215.7
18551.0 1844, 1 1201.9
19034.0 1915.9 1187.8
©19517.0 1989, 6 1173.4

Z00B2. 0 2065. 2 1158.8



RECOMMENDED OPERATING POINT * 144446.73 GPM HEAD= 131@.& FT SLURRY

4,1 Cont'd.

PUMF DATA AT OPERATING POINT FOUND

PUME # HEAD EFF FOWER
I ZiE. s 7e.8 1500. @
L 171,33 g1.% 1@z2z. @
3 164.8 TZ.9 1079.0
4 164.8 TZ.9 109%.0
5 Z218.6 7@.8 1500. 6
& 171.3 81.5 18:22.0
7 ZB1.9 71.1 1380.0



SECTION 4.2

e e o e B B e M e 0 e S N B I
“““““ MINIMUM FRICTION
Minimum Flow (GPM2
Temperature Farenhellt o...0.0.
UaPOR PRESSURE (fest Slurry).
Suction Elevation {(feet) ...

VELOCITY =

----- » s ¥ o

HEAD

NOQTE: Inlet énd Dutlet Losses neglected.

LOSSES EVALUATED AT

SYSTEM HEAD EVALUATION ¥#HFXHFFEREFEELLELELLES

B.Z ft/e @&
i
70.0
L 63

2.

5993, 5PM

14447, GFM

Standard Atmopheric FPressure assumed.

PIPE  VELOCITY REYNOLDS FRICTION RESISTANCE IN

SECTION FT/S NO. FACTOR  CONDUIT  BENDS  VALVES TOTAL
Suction  19.8  .7B61E+D6 .@1215  3.30 o0 .ee 3.3

Disch#i  19.8 .7861E+D6 .@1215  1302.79 .00 .00 1702.8

TOTAL SYSTEM RESISTANCE (including static) is  1316.1 ft Slurry

NPSH AVAILABLE is . 16.6 £t Slurry



=)

ils 14447, GPM
L lable = 14,7 % of

NUMEER OF PUMPE IN SERIES
Sl

SECTION 4.2 Cont'd.

1316.1

=lurryg

=
/

ft slurry required

4 TR =
1oe w2

lurry S.G.

JEN PUMPS
PUMR TITLE DESH# RPM ImpDis HE&D
I 1BA1IBHED 44 =Y 16~ / /3MELS- 5/ & i@ 590. 44, BE 238. &
I 1BX18WEC 46 C Hil= 1/ Z/73MELlLl- 1/ 4 3 5@5. 44, B@ 178.32
3 18X1IBWSO 44 A 1&~ / JF3EMELS- 5/ 8 i@ 5@5. 44,00 &5, 1
4 18X1BWSD 44 A 1o~ 7/ /3MELIS- 5/ 8 18 505. 44,00 165.1
B 18X 18WE0 44 A 16~ / /3MEIS- 5/ 8 1@ 585. 44,00 Z27.8
& 18X18WRT C Hil- 1/ 2/3ME11- 1/ 4 8 505, 44, QB 17@.3
HEAD PRUDUCED PY & PUMPE = 1129.4 HEAD REQUIRED OF FINAL PUMP = 1B6.7
—————— SELECTED PUMP with ALL VALUES SCALED to NEW SPEED & TURNDOWN -- DES 10
18X 128WS0 44 A 1é&- /4 /3IMELIS- 5/ 8 E 17 -87 T173 -88
RPM 585.@ ' T/D RATIO (THEO) .912 ! PERIPHERAL VEL &21@.17 SFM
EFF. 71.5 ' FULL IMP DIA 44 .00 ' THROAT VEL 19.83 £t/
NPSH RQD 9.4 ' THEQRET IMP DIA  48.17 ! EBRANCH VEL 19,83
E4SE PRICE ¢ ACTUAL IMP DIA 4P.55 ! SUCTION VEL 19. 83
PERFORMANCE CURVES for the pump selected at the nominated duty:
————————————— Flow =—=—— HEAD ——-- Eff, =——— BHP W/ SBlurry 8.6.C0RR ———————m—-
.9 215.7 .2 387.3
3975.2 209.2 43.3 &4é6.7
7950. 4 201.6 59.5 906, 2
11925.6 192.9 68.3 1133.3
a8 Duty 14446.7 186.7 71.5 1270.2
1207 Dy 17336.0 179.2 73. 4 1423. 6
a REP 19876. @ 172.0 73.9 1556.3
23851.3 159.9 T2.9 1761.8
27826.5 146.6 69.% 1965.1
31801.7 132.3 65.4 2166.0
35776.9 114.8 59.5 2363. 8
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T37AL NUMRBRER OF PUMPS ALONG PIPELINE= 7

D&Ta FOR PUMP# 1 [RPIT PUMPI

DISTANCE (FT.: TRDOM THE PIT TO PUMP& | = £0. G
HEIGHT (FT.: 0OF FIT ARDVE PIT PUMP CENTERLINE ~5.0
HEIGHT (FT.:y OF PLANT DISCH. ABOVE PIT PUMP C. .0
HEAD (FT-8BLURRY)> ADDED RY PUMP# | = Z230.6
DaATA FOR PUMPH -

PIPE LENGTH (FT.> FROM PUMPH#1 TO PUMPH#Z= 32.E. O
HEIGHT (FT.> OF PUMPH# I CL ABDVEPIT PUMP CL= O
HEAD (FT-SLURRY> ADDED RBY PUMP#2Z= 170.9
DATA FOR PUMPH 2

PIPE LENGTH (FT.> FROM PUMP#X TO PUMPH#3=
HEIBHT (FT.» OF PUMP# 2 CL ARBOVEPIT PUMP CL .
HEAD (FT-SLURRY) ADDED RY PUMP#3I= &
DATA FOR PUMP# 4

"
(D]
0]
2y
w
N O

I'Z.ll

PIPE LENGTH (FT.) FROM PUMPH#Z TO PUMP#4= 32B5.0
HEIGHT (FT.: OF PUMP# 4 CL ABOVERIT PUMP CL . G
HEAD (FT-SLURRY)> ADDED BY PUMP#4= 165.7
DATA FOR PUMP# &

"
Lo,

PIPE LENBTH (FT.) FROM PUMPH#4 TO PUMPHE= 3385.0
HEIGHT (FT.>» OF PUMP# 5 CL ABOVEPIT PUMP CL :
HEAD (FT-SLURRY)> ADDED RY PUMP#35= 22604
DATA FOR PUMPH & '

L

PIPE LENBTH (FT.) FROM PUMP#Z TO PUMPHE&= 3383.0
HEIGHT ¢FT.> OF PUMP# & CL ABOVEPIT PUMP CL= ~
HEAD (FT-SLURRY)» ADDED BY PUMP#E= 170.9
DATA FOR PUMPH® 7

n
.
Lo

PIPE LENGTH (FT.) FROM PUMP#& TOD PUMP#7= 3385.0
PIPE LENGTH (FT.) FROM PUMP#7 TO DISCH. = 238E.0

HEIGHT ¢FT.) OF PUMP# 7 CL ABOVEPIT PUMP CL
HEAD (FT~-SLURRY> ADDED BY PUMP#7= 18

——— - - = e e G m— e G e S e E G e o

o
ud

-~ ————— - an = - . - e - S

NUMEER OF INSTANT CHANGES IN
ELEVATION 0OF PIPELINE (MAX ZOQ) = o

O e e R R

- —— . e - e wn e = A . - . -

ENTER THE NUMBER 0OF PIPE SECTIONS (MIN Z0=

k3

DATA FOR PIPE SECTION NUMEER 1
ENTER LENBTH (FT: OF SECTION # 1 =

EMTER I/DIaA CIN) OF SECTION # 1 =

FRICTION HEAD LOSS (FT-SLURRY:» FOR SECTICON # 1

=
e

.
L)W O

8]

DATA FDR PIPE SECTION NUMBER 2

ENTER LENGTH (FT) OF SECTION # I = ZTTO0L0
ENTER I/DIA (IN)> OF SECTION # 2 = 17.3
FRICTION HEAD LOSS (FT-SLURRY) FOR SECTION # = 130zZ.8
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LENGTH ALONG PIPE (FTJ DESCRIPTION HEAD (FT-SLURRY?> CaVITATIR
&0, 0 SUCTION OF PUMP & 1 -8.3 CHECH
e0.0 DISCHARGE OF PUMPH® 1 2E2.3 ND

3445.0 SUCTION OF PUMP # 2 3€.3 NO
3445, 0 DISCHARGE OF PUMP# 2 207.2 NG
£6830.0 SUCTION OF PUMP # 3 21.1 NO
£830.0 DISCHARGE OF PUMP# 3 18€.8 ND
10215.0 SUCTION OF PUMP # 4 .7 NO
10215.0 DISCHARGE OF PUMP#H# 4 166.3 NO
136800.0 SUCTION OF PUMP # O -139.7 CHECK
13600.0 DISCHARGE OF PUMP# O CR0E.7 NGO
169835.0 SUCTION OF PUMP # & 20.6 NO
16985.0 DISCHARGE OF PUMP# & 191.5 NO
2QZ70.0 SUCTION OF PUMP # 7 . NO -
20370.0 DISCHARGE OF PUMP# 7 186. 4 NO
Z37ES.0 PLANT DISCHARGE .3 NO
PUMP # SUCTION PR. (PSID DISCHARGE PR. (PSI)

1 -4.78 128.17

2 20.30 113.44

3 2.17 107.66

= .3 95.89

S -11.28 119.14

& 11.87 110.41

7 » 25 107.43
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STARTUP DRDER OF PUMPS

START-UP #1 : ENTER PUMFP NUMBER = 1
START-UP #Z : ENTER PUMP NUMEER = Z
START-UP #2 : ENTER PUMP NUMEER = 3
START-UP #4 : ENTER PUMP NUMBER = 4
START-UP #5 : ENTER PUMP NUMBER = 5
START-UP #& : ENTER PUMP NUMBER = €
START-UP #7 : ENTER PUMP NUMEER = 7
TIME INTERVAL BETWEEN STARTUP #1 AND #& = 15.0
TIME INTERVAL BETWEEN STARTUP #Z AND #3 = 20.0
TIME INTERVAL BETWEEN STARTUP #3 AND #4 = 1.0
TIME INTERVAL RETWEEN STARTUP #4 AND #5 = 20.0
TIME INTERVAL BETWEEN STARTUP #S5 AND #& = 15.0
TIME INTERVAL BETWEEN STARTUP #E& AND #7 = 20.0
e e e e = - +
! TRANSIENT HEAD DISTRIBUTION ALONG SYSTEM !
e o e S = = -+
TIME FLOW LENGTH ALDNG DESCRIPTION HEAD CAVITATION
SEC  USGPM PIPELINE(FT. OF LOCATION FT-WATER WARNING
.0 o. £0. SUCTION OF PUMP# 1 -5.0 'CHECK
) o. 60. . DISCHARGE OF PUMP#1  2€7.8 NO
) O. 3445, SUCTION OF PUMP# 2 267.8  NO
) 0. 3445, DISCHARGE OF PUMP#Z 267.8 ND
L0 O. €830, SUCTION OF PUMP# 2 2E€7.8 NO
L0 Q. €830, DISCHARGE OF PUMP#3 2E7.8 NO
L0 O. 10215, SUCTION OF PUMP# 4 267.8 NO
L0 Q. 10215, DISCHARGE OF PUMP#4 — 267.8 NOD
L0 0. 13600, SUCTION OF PUMP# S 2E7.8 ND
L0 0. 13E00. DISCHARGE OF PUMPH#S 7.8 NO
) Q. 16988, SUCTION OF PUMP# €. ZE7.8 NO
L0 O. 16985, DISCHARGE OF PUMP#E 2€7.8 NO
e Q. 20370, SUCTION OF PUMPH# 7 262.8 ND
L0 0. 20370. DISCHARGE OF PUMP#7 ZE2. 8 NG
) 0. 237SS. PLANT DISCHARGE HEAD  Z2E2.8 NGO
5.0 1273. 0. SUCTION OF PUMP# 1 -5.0 CHECK
5.0 1273, 0. DISCHARGE OF PUMP#1 2ES. 6 NO
5.0 1273, 34485, SUCTION QF PUMP# 2 2E3Z.9 NOD
5.0 1273, 2445, DISCHARGE OF PUMP#Z 2E3.9 NOD
S.0 1273, £830. SUCTION OF PUMP# 3 o zezR.z NOD
5.0 1273. £820. DISCHARGE OF PUMP#3 262.2 NO
5.0 1273. 10215, SUCTION OF PUMP# 4 2E0.S ND
5.0 1273, 1021S. DISCHARGE OF PUMP#4  2E0.5 ~ NO
5.0 1273, 13600, SUCTION OF PUMP# S 258.8 NO
5.0 1273. 13600. DISCHARGE OF PUMPH#S 58.8 NO
5.0 1273, 16385, SUCTION OF PUMP# & 257,10 MO
5.0 1273. 16385, DISCHARGE 0OF PUMP#E 257.1 0 ND
5.0 1273, Z0370. SUCTION OF PUMPH 7 250, 9 N
5.0 1273, 20370, DISCHARGE OF PUMP#7 250, 4 ND
5.0 1273. 2378s. PLANT DISCHARGE HEAD 248.7 NO
10.0 2438, E0. SUCTION OF PUMPE 1 -5.1 CHECK
10.0 2438, 0. DISCHARGE OF PUMP#1 263.5 NO

10,0 2438. . 3445, .~ SUCTION OF PUMP# 2 287,59 NG



10,0
10,0
10,0
10,0
10,0
10,0
10,0
10,0
1G.0
10,0
10,0
10,0

15.0
15.0
15.0
15.0
15.0
15.0¢
13.0
15.0
15.0
15,0
18,0
15.0
15.0
15.0
15.0

20.0
20.0
20.0
20.0
20.0
20.0
20.0

20,0

Z20.0
0.0
Z0.0
0.0
20.0
20,0

20,0

25.0
25.0
25.0
235.0
25.0
25.0
25.0
2.0
5.0
25.0
25.0
2T.0
25.0
25.0

25.0

30.0
30,0
0.0
30.0
30.0

2438.
2438.
2438,
z4328.
2438.
2438.
z438.
2428,

4728,

2438,

z438.

2438,

3439,
3433,
3439,
3439,
2439,
3423,
3423,
2439,
3439.
3439.
3439,
3433,
3433,
3433,

3433.

5159,
S15%.
S159.
S15%.

5159,

3159,
3159,
o159,
S5199.
o159,
3153,
5153,
159,
5159,
5159,

E430,
6430,
5430,
£4320.
6330,
6430,
£430.
£430.
£430,
6430.
64320,
£4320.
£330,
£330,

430,

7303,
7303,
7309,
7309,
7309,

o245,

£830.

&850,
10215,
10215,
13600,
13800,
16385,
16383,
20370,
ZQ370.

Ay Sy |-t
23753,

&0,
e0.
3448,
34435,
&830.
£830.
10215.
10215,
132600,
13600.
16383,
169885,
Z20370.
20370,

oy oy oy g g
sl g bl

&0.
&80,
3448,
3445,
£830.
£830.
10218,
10218,
13600,
13600,
1e380.
18383,
20370,

. 20370,

237585,

&80.
B0,
o445,
2445,
&830.
£830.
102135,
10215,
13600,
13600,
16988,
16383,
20370,

ZO370.

23755,

&0,
0.
2445,
3445,
&830,

DISCHARGE OF PUMPHZ
SUCTION OF PUMPHE 3
DISCHARGE OF PUMPHZ
SUCTION OF PUMP# 4
DISCHARGE OF PUMP#H4
SUCTION OF PUMPE 5
DISCHARGE OF PUMP#HE
SUCTION OF PUMPH £
DISCHARGE OF PUMP#HE

SUCTION OF PUMP® 7

DISCHARGE 0OF PUMP#7
PLANT DISCHARGE HEAD

SUCTION OF PUMPH 1
DISCHARGE OF PUMP#!
SUCTION OF PUMP# 2
DISCHARGE OF PUMPH&#2Z
SUCTION OF PUMPH# 3
DISCHARGE OF PUMP#3
SUCTION OF PUMP# 4
DISCHARGE OF PUMP#4
SUCTION OF PUMPH# &
DISCHARGE OF PUMP#IS
SUCTION OF PUMP# €
DISCHARGE OF PUMP#E
SUCTION OF PUMP# 7
DISCHARGE OF PUMP#7

" PLANT DISCHARGE HEAD

SUCTION OF PUMPH# 1
DISCHARGE OF PUMP#1
SUCTION OF PUMP# 2
DISCHARBE OF PUMP#2
SUCTION OF PUMPH® 3
DISCHARGE OF PUMPH#GC
SUCTION OF PUMP# 4
DISCHARGE OF PUMP#4
SUCTION OF PUMP# S
DISCHARGE OF PUMPH#S
SUCTION OF PUMPH &
DISCHARGE OF PUMPHE
SUCTION OF PUMP# 7
DISCHARGE OF PUMP#7
PLANT DISCHARGE HEAD

SUCTION OF PUMP# 1
DISCHARGE OF PUMP#1
SUCTION OF PUMP# 2
DISCHARGE OF PUMPH#Z
SUCTION OF PUMP# 3
DISCHARGE OF PUMP#3
SUCTION OF PUMP# 4
DISCHARGE OF PUMP#4
SUCTION OF PUMPH# S
DISCHARGE OF PUMP#5
SUCTION OF PUMP# €
DISCHARGE OF PUMPH#E
SUCTION OF PUMP# 7
DISCHARGE OF PUMP#7
PLANT DISCHARGE HEAD

SUCTION OF PUMPH# 1
DISCHARGE OF PUMP#1
SUCTION OF PUMPH# Z
DISCHARGE DF PUMPH#Z
SUCTION OF PUMP#H# 3

[ 13 I s B OO RN BN 0 I O RV

Z58.
235.
438.
416,
4le.
353,
3393,
370.
370.
I48.
348.
320.

320,

298.0

NNOWwLAWUHRNO RO R

-S.6
283.2
220.3
421.4
287.2
3B7.2
352. 5
33z,
318.7
218.7
284.5
284.5
245.3
245.3

=1t.1

-5.8
253.
208.6
407.8

364.3

. ND

NO
NO
NO

ND
ND
NC
NO
NGO
NO
NG
NO

CHECK

NO
NO
NO
NO
ND

NO

NQ
NO
NO
ND
NQ
NG
NO
NO

CHECK
NO

" NO

NO
NO
NO
NO
ND
NO
NO
NQ
NO
NG
ND
NO

CHECEK
NO
NO
NO
NO
NO
NO
ND

NO
ND
NG
NOD
NO
NO

CHECK
NO
NO
NO



0.0
30,0
30,0
0,0
20,0
30,0
20,0
20,0
20,0

20,0

35.0
2.0
35.0
35.0
35.0
(%!

Q

« o o«
RN
O O

.
-
o

«
~

.
"

IAROEBNONSEONONDRONG)
goamaaaaaoma
o IS,

40,0
20,0

45,0
45,0
45,0
45,0
43Z. 0
45,0
45.0
45.0
45, 0
43. 0
45,0
45,0
45,0
35,0
48,0

S50.0
S0.0
S50.0
S50.0
S5G.0
S50.0

50,

309,
7309,
73209,

o don Yo O
7oY.

FOOZ,
FOOZ.
FOOZ,
3002,
9002,
002,
SO02Z,
002,
FOO0Z.
IO0E,
JOOZ,
SO02,
002,
JOOLZ.
SO0,

FR T T ]

URTYIRT TR VO TV TRV ORI Y BT
- [ ] - L L] - -

OO GO0 OOGOMm
R GRURURUE R R R UR U NG R U R ]
VR R RV R RV R R VO DR TR R T Y]

Wy

10053,
10053,
10083,
10083,
10083,
10083,
PRRINEIC

£830.
10215,
10218,
13600,
13600,
1£385.
16985,
2OZT70.
20270,

A Y
D D

E0,
E0.
3445,
3445,
65830,
eB830.
10218,
10215,
13600,
1300,
1£98ES.
1£988S.
20370,
20370,

23755,

&0,
&0,
3445,
445,
£8320.
6830.
10218,
10215,
13600,
13600,
163985,
16398%5.
20370,
20370,

23759,

&0,
&0.
3445,
3445,
&830.
&6830.
10218.
10215,
3600.
1Z2e00.
16985,
1£985.
20370,
20370,
23788,

&0.
60,
3445,
3945,
e8320.
&6830.

10215,

SUCTION QF PUMPH# 4

DISCHARGE OF PUMP#3I
SUCTION OF PUMPH 4
DISCHARGE OF PUMP#4
SUCTION OF PUMPH# &
DISCHARGE OF PUMPHE
SUCTION OF PUMP® £
DISCHARGBE OF PUMPHE
SUCTION OF PUMPH 7
DISCHARGE DOF PUMPH7
PLANT DISCHARGE HEAD

SUCTION OF PUMPH 1
DISCHARGE OF PUMP#1
SUCTIDN OF PUMPH% &
DISCHARBE OF PUMP#HZ
SUCTION DF PUMP# &
DISCHARBE OF PUMP#3
SUCTION OF PUMP#H# 4
DISCHARGE OF PUMP#4
SUCTION OF PUMP# S
DISCHARGE OF PUMP#S
SUCTION OF PUMP# €
DISCHARGE OF PUMP#E
SUCTION OF PUMP# 7
DISCHARGE OF PUMP#7
PLANT DISCHARGE HEAD

SUCTICON OF PUMPH 1
DISCHARGE OF PUMP#1
SUCTION OF PUMP# 2
DISCHARGE OF PUMP#Z

_SUCTION OF PUMPH# 3

DISCHARGE OF PUMP#3
SUCTION OF PUMP# 4
DISCHARGE DF PUMP#4
SUCTION OF PUMPH S
DISCHARGE OF PUMP#S
SUCTION OF PUMP# €
DISCHARGE OF PUMPH#E
SUCTION OF PUMPH 7
DISCHARGE OF PUMP#7
PLANT DISCHARGE HEAD

SUCTION OF PUMP# 1
DISCHARGE OF PUMP#1
SUCTION OF PUMP# 2
DISCHARGE OF PUMPH#Z
SUCTION OF PUMPH# 3
DISCHARGE 0OF PUMP#3
SUCTION OF PUMPH# 4

DISCHARGE OF PUMP#4

SUCTION OF PUMP# S
DISCHARGE OF PUMP#S
SUCTION OF PUMPH# &
DISCHARGE OF PUMP#6E
SUCTION OF PUMP# 7
DISCHARGE 0OF PUMP#7
PLANT DISCHARGE HEAD

SUCTION OF PUMPH |
DISCHAREE OF PUMP#I1
SUCTION OF PUMP# =
DISCHARGE OF PUMP#HZ
SUCTION OF PUMPH 3
DISCHARGE OF PUMPH#H3Z

-

Tadm™m
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DISCHARGE OF PUMP#Z
SUCTION OF PUMPH% Z

DISCHARGE OF PUMP#3

SUCTION OF PUMPH
ISCHARGE OF PLMP#d
SUCTION OF FUMPH S
DISCHARGE OF PUMPHS
SUCTION OF PUMP# &
DISCHARBE OF PUMP#E
SUCTION OF PUMP# 7
DISCHARGE OF PUMP#7

PLANT DISCHARGE HEAD

SUCTIDN OF PUMP# I

—TRT RN A MY T DA

i
4]
)]

228.0

)
1

SEUNES IS T EENERN RTINS RN |

M
ViR

L

s

303 0 th 0BY 1) W

N o)

DL IEANIE O BN B L B VAR

jo

-8.6
228.0
27.€
199.3

228.0 7

27.6
1 '3‘3_. 3

‘l-fff‘
166.4

-34,.0

128.5

-y
-t
185. &
- "

et 2 Al

13&. &

v
A
3

1y}
» {0
LA ]

CHECK
NO
NG
ND
CHEDE
nND
CHECY
]
CHECH
ND
CHECE
NO
CHECHK
ND
ND

CHECE
NO
NO
NO
CHECK
NO
CHEDY
NO
CHECH
ND
CHECK
NQ
CHECK
NOD
NQ

CHECK
NOD
NO

" NO

CHECK
NO
CHECK
NO
CHECK
NO
CHECK

© NO
" CHECHK

NO
NO

CHECK
ND
NO
NG
CHECK

- w0
" CHECK

NO
CHECY
NO
CHECK
nNQ
CHECK
ND '

NG

CHECK

Y Lo SOV,



- nl it e et U A tdme Wl T s 0 TT

!
t
i

33443, SUCTIDON OF PUMP# & z7.
3443, " DISCHARBE OF PUMPHZ 133,
E820. SUCTION OF PUMPH 3 -1.
820, DISCHARGE DF PUMPHCZ i65.
1CGZ21E. SUCTION OF PUMPE 4 RC TN
10ZLS. DISCHARGE 0OF PUMPHS 133,
13800, SUCTION OF PUMPH T -£7.
13200, DISCHARGE OF PUMPHS 185,
18385, SUCTION OF PUMPH & ~-35.
15583, DISCHARGE OF PUMPHES 138,
ZO3T0. SUCTION OF PUMPH 7 ==
20370, DISCHARGE OF PUMPH®7 200,
148.0 22735, © PLANT DISCHARGE HEAD .
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FIPELINE PLIMP PUMP NAME
PLMP # iD=

b 10 18X18WS0 a4 A le- / /3MELS- T/ B 18350

2 8 18X18WEC 46 C Hii- 1/ Z2/3MEL1l- 1/ 4 -

3 10 18X18WSO 44 A 1~ / SME1S- S/ 8 16350

4 10 18X18WSO 444 A 1~ / SMELIS- 5/ B 1&35D

S 10 18X18WSD 44 A 1&6- / /3MELS- S/ 8 1E35D

& 8 18X1BWRC 4& C Hiti- 1/ 2Z/3MEll~- 1/ & -

7 10 18X18WSC =4 A 16~ / SME1Z- S/ 8
PIPELINE IMPELLER RPM PUMP DISTC(FT? MOTOR(*) EFFICIENCY
PUMP # DIAMCIND ELEV(FT» ALONG PIPE KW OF PUMPCX)

1 44.0 90, 0. &0, £95. £%.0

2 36. 0 S05. Q. 3445, 840. 80.2

c] 44,0 S0S. O &830. S59. 71.9

e 4.0 S0S. 0. 10218. So3. 71.3

S 44,0 =85, 0. 13800, £86. £9.1

& 46, 0 S0S. 0. 1£985. 840, 80.2

7 240. € =83. S. 20370, 1208. £€39.8
PIPE LENGTH DIAMETER FRICTION VELOCITY
SECTION # (FTO CIND FT~SLURRY CFT/83

1 &0, 17.25 2.3 13.83

2 23700, 17.25 130z2.8 13.83
SLURRY FLOW RATE (GPM) = 14447.0
SOLIDS TRANSPORT RATE (TON/HR) = 1924.8

SLURRY SPECIFIC GRAVITY 1.2
CONCENTRATION BY WEIGHT 0. 0%
DISCHARGE ELEVATION (FT) = S.0
PIT TO WASHER (HP-HR)/(TON-MILE) = . 566805

* MOTOR kKW BASED ON 80Z MOTOR EFFICIENCY
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