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This thesis ip submitted t0 the Faoulty of the School of Mines and
¥etallurgy of the University of Wissouri in partial fulfilisent of the
work required for the degree of ¥aster of Science in Mining Engineering,

The sonclusions wrrived at in regard to the prasticability of utili-
sing pumps instead of sidp haulage for the removal of ore and wests from
wines are entirely theoretical, as it was impossible to nake actual com-
parative runs., These results were arrived at by eomparing known or sati-
mated sosts for both types of cperstions,.

The abrasion studies were cunducted in the laborstory of the ¥ining
Department st the Sehool of Kines and Metallurgy,

The pressure tank vas designied in an effort to counterast the present
necossity for uelng single stage pumpe in sand pumping, and to find a
seany for eliminsting the high rate of abrasion in such pumps.
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INTRODDOTION

Ralatively litile work has been dome on the poseib lity of pusping
ore and wasts from mines. Preliminary investistions indiestsd thai tee
aprrosches to the problem offered U'w sost liksly slutions, The firsd
aprroagh sugessted the use of » heavr sedis intc wrish the ermhed ore
might be injeoted and eireuisted to the surface, This seibod heas been
discussed in soms deta!l by 0. Erd "uersah, Cansulting Eaginser, of San

17 Wisrinchi, U, Erh, Iipaiine ore Lranercrl =y lower sining ooshs  Iogr,
—tnd pin, Jowur,, Wol, 165, me. &, pp. F1-93, 194k,

Franeisso, Californis, ‘The second approsch called for the wtilisstion of
aine water as the trensporting sediss, This paper conlines its efforts to
thin second =ethod,

Aside from scomnsdis reasons, it mon bessss spparent that Vw0 prin-
sipal fastors would basper the use of pospe to transpert ore: First, the
relstiwly low pamping leads - 80 to 120 M, - for whish preeent day sand
pumpa are dsaigned] sad second, the high reie of abresaion on the component
parte of eoch pampa. In an offort to sscure informetion conoerming abrasion
within sand pusps the suthor gentasted sanufacturers and wms inforassd that
oo tests had ever been cade to determine how pusp -bresion waried with the
peresrt of wlids being , 0F in other words, what the mei optisus

a r ¥

—Saphasber 3, 1946,

wlid-liqdd ratic was from the standpoind of pusp life, FBecsuss of the
fmportanse of this mowledge in redusing pusp abtrwsion and because of need
for inoreasing thae sffective hoad, the probles wms divided inte Lhres partm
(1) abrasion studies, (2) pressure tank design, and () scst comparissa of
pump v, eidp haulage,
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ABRASTION STUDIES

The pump set-up for the abrasion studies 18 {1lustrated in Figure 1.
The pump used was a Model 100-R EKisball-Erogh rubber-lined sand pump with
a 1} inch suction snd a 1! inch dissharge, The pump wes powered with a I
A.P. direst ouwrrent motor wired into a 220 wolt powsr lime, The moter,
rated at 1700 r.p.m., was connected to the pump with V-belts snd & u]lley
depigoed to give & pump speed of 950 r.p.m, The pump spesd was held con-
stant by regulating the reaistarse in the power lins with & slide-wire
rhecstat,

To measure the pressms a Helicold pressure guge wes mounted above
the punp discharge. In order to prevent the gauge from becoming foulsd
with material from the disoharge 14w a Y-type Leslie self-—clsaning
strainer and & coil pipe siphon were comnected into the gauge line as shown
in Figure 1.

The matearial entered the pusp through the return tank mounted above
the center line of the pump sustion, From the pump the material traveled
in closed cireuit back to the return tank, from whiich it sgain entered the
Fump. The return tank, whieh had & mlopimg bottom bullt up of conersts,
was fitted with a drain through which the system could be flushed after
each run, Power and pressure readings were taken every half hour during
each run to ineurs constant conditions, During sach run tha geuge pressure
fell below the initial reading, This is considered to be due, principally
to the gradul grinding down of the solid particles from traveling in
olosed aircuit, Table I shows how the readings and data were recorded,

www.manaraa.com




Return
Tank

—

Gage

j—-—ro Stralner
l

Pump

_ L T To Motor
—_—

Fig.!

www.manaraa.com




Tabls 1
Granite: 10% Solids (Volume) Oraniter 2,088 gm.—
Jaruvary 13, 1947 Vater: 79200 M1,
Time Polte dmps, Gouge B
1b, per sq, ih,.

6100 P.u. a9 5.25 7.75 960
6130 29 hob? T 75 950
7100 Ny 4. 60 Te50 950
7130 219 b 50 T:75 9i5
8:00 210 be 7.25 950
8130 215 4, 50 4,75 50
%00 213 4,25 £.50 950
9130 214 4.30 6.50 950
10500 223 k.30 5.50 960
10430 220 k350 525 950
11:00 216 L.50 5.0 950
11480 21y 4,50 5.0 950
12100 K, a7 &30 5.0 950
Puap Part M, Pefore Run (CGms,) After (Gms.) loss (Qme.)
Faos Plate 11,351 11,350 1
Ympeller 7,070 75063 7
Cawing 30,129 30,108 21

Tests were run with granite, dolomite, and hematite, large pleces of
the individual rogks were crushed; and a scresn analysis was made of sach
type. Thse specific gravity of sach caterial was Mamimﬁ by a Jolly
Balanee and & hardness test for enoh was cade. Tabulsted in Tebles 1I,

I, 4nd IV are the screen analyses for the thres types of rock used,
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Table I
=- s - e e )

Hardness = 6.0

Sereen Analysis

wt, Samplesr 720 gms. Soreen Ratio 1,414
T S UNTTaters  Mesh  Dis. Wire M, Crams  0/0
Inchen

. 185 4,699 4 « 069

131 3.327 6 036 152 21,1
093 2,362 8 .032 97 13.9
065 1.651 10 035 92 12.4
JOkS 1,168 T «025 63 8.8
L0328 833 2 172 51 7.1
0232 . %89 28 0125 49 6.8
0154 417 35 »0122 5 649
0116 295 L8 0092 35 beS
0082 «208 65 . 0072 29 k:0
.0058 147 100 +00L2 2 3.2
001 . 104 150 »0026 a .9
0029 +07h 200 0021 18 2,5
. 0029 074 200 0021 39 Suk
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HEMATTTE 8p, O, = AMD
fardooss « 5.5
Serwe: lnalysis
Wt. Sample: S5T® gma, Soresn HEatio w l.4lk

ﬁ%ﬁi Vot s, Wire ", Oresa  0/0
__ Inshes

185 A.699 k 085

11 1.8: é 036 205 5.8
09 2,342 e 032 0, 18.0
085 1.651 10 035 T2 1.4
BT 3 1,168 1k 023 38 &6
0338 N k) ) = 0172 29 §.0
0m2 « 589 = - 0125 23 kel
L0184 <17 35 «oL22 17 2.9
0116 «295 A8 «0092 12 2,1
» 0082 - 200 £5 0072 10 1.7
L0058 147 100 «D0k2 9 1.6
0041 « 104 150 <0026 ) 1.6
« 0079 «OTh 20 0021 9 1.6
0029 O7h 200 0021 h2 7.3
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Table IV
—_———rrereeeee ey ——————

DOLONTTE Sp. Nr, = 2,68

Hardnesas & 4.0

Serean Analysis

W, Sampley 290 gus,

Inches Millimeters Mesh Dir, Wire W, Crams 0/0
Inches

» 188 L.69% b 068

) 3.327 5 2036 97 334
093 2.362 8 .032 65 2.4
»045 1.651 10 o025 61 21,0
045 1.1568 14 025 AL 14.3
0328 . 833 20 0172 26 2.0

The dolomite was conziderably softer than the other meterials mm, It
alsec had a higher percentage of small siges, Therefore, in order to in-
sure sufficient wear on the pusp parts during the delomite runs, all sizes
balow ~20 mash were soreened out,

T™he material bsing pumped was not sised, because in sctual prastice
thls would not be feasible, The perdent of solids wss calculated on the
bazis of volume displacement and was the only variable factor during the
runs., All cther conditions were hsld as constant 8s poasible, A sazple
oaloulsation for percent solids by wvolume is shown balow:

Graritet 10% Solide (Voluma)

Systems 6000 )12, RO
2000 x .10 = 800 M1, HO to be displaced
800 x 2,61 = 2,028 gms, granite
8000 Ml, - 800 X1, = 7,200 ¥1. H 0
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Bocause of the wncertainty of how long & pump run would be necessary
to effect u messurzble ssount of sbrasion witidn the pusp, tw trial runs
of 12 hours were mads, The abmsion in 12 hours wes found to be encugh to
warrant sutting the runs to £ hours, Orlginally, the materisl pusped ine
eluded overything that passed & Y-r=ash pereen., This worked well for 10
pereent eolids and 20 pereent wmlide) however, when an attempt was mde to
pump 30 pereent solids, the high conesrtration of large partielss sttempt-
ing to sater the throat ecpenings of the lmpeller oaused it to elog. This
was aolved by eliminating sll smaterial over L-megh, In order to insure
adeoquate abrasion when pusping relatively soft dlemite, only plus 20-mesh
material was pumped.

Some trouble was experisnced at first by air locks forming in the
pump, These were caused by entrupped air being earried imto the pump frem
the retum tank, The installation of = baffle plate At tiw lottom of the
returm tank sliminsted this mowree of trouble,

After sach six-hour run the pump wes dlsssrtled into three parte: the
feos plate, the impeller, and the casing. The face plate and the back
plate on the eaxing were rubbar lined, The case itself was made of sn un-
hardened semi-eteel mimilar to Mechanite, The impeller was made of white
cast iron, After eash run the parts were throughly waelwd and dried, The
abrasion on each part was then messured by wdighing on an O'Haus scale te
determine the loss of weight in greme, The loss of weight in grame for
sach part of the pump is tabulsted in Table V.
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— — 4
ORANITR
Leroent Solide Ampe ier Fase Flate Seaing

10 k| 1 n
0 L33 3 a
-] 9 0.5 Ly
a0 1.5 5.5 o
50 14 3 b
&0 20 2 63
T n 3 T0

HEATTTR
10 18 1 »
x 3 o 81
% A ] n
% 5T 3 L

Dolowrme
10 5 2 2.
0 7 b é
30 6 2 1A
"] 1u 5 2%
50 an 2 »

T™he abrsaicon ourves in Fipae 2 {llurirats Lhe recordad and pretabls
patha of stwsslon of the fase plate «'@m pumping granite, hesalits, and
dolomite,
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The ordinates of the curves in Figure 2 are purposely axagrerated in
comparison to the abscissas because of the mmall asount of lose of weight
ineurred by the fase plate, This small loss is duwe 4in part to the hard
rubber with whish the face plate i» costed and in part to the lack of cen-
tact with abraiding particles, WNot only does the hard rubber tend to
absort shooks from the particlss, but the loeation of the face plate with
relation to the impeller makes 1t & ffioult for large particles to colleet
batwean the face plate and the impellsr, The irregularities in the curves
apparently represent distorted sbrasion arnd will be explained in further
detail with relation ¢o FPigure 5, If, however, the lines of the probable
curve are followed, 1t w11l ba noted that the optismmm peroent solide for
pumping from the view-point of wear on the face plate is at 30 percent
solids for both granite and dolomite, For hesstite the optimum is 20 per-
oent solids, This varisnse is dee possibly to aecldental lack of norsal
particls concentration next to the fase plate during the hemstite runs,
botually, for prestical purposes, all thres curves are similar, Yoreower,
vhen we sonsider that abrasion on the face plate is negligible in compari-
son to wear on the other pomp parts, the face-plite owrves can bs disre-
garded exoept for ocheck purposes,

Pigures 3 and A illustrate the recordsd and probable sbrasion surves
for the pump essing and impeller respettively. In general these curves
follow a pattern similar to those in Figure 2, showing an optisus olid -
1iomid retio in the 20 pereent to 30 peroent rangs of solide,

Figure 5 {llustrates the recorded, probable, and distorted curves for
granite, When s fluid containing AD pereent granite solids was pumped the
measured abrasion for the casing and impeller made a decided jump, This
wvas partioularly apperent for the impellsr, When the pusp was dissantled
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after that run 1t was neted that the impeller and rubber facing on Lthe
ecasing had several deep sireular grooves out into easch part, This was
eonaidered to be dus to large particles becoming lodged betwesn the twe
parts. Realiging that the measured ambrasion on these rarts ms undoubtaedly
abnormal, 8 re-run was mads, The results of the re-run were ascepted as
approximating the correct walue and were recorded as swh, The principal
significance of tha re-runs was to 1llustrate the case with which an
abrasgion ourve might be distorted from the normal. The test alwo shoms
how pamp life would be materially shortened if particles becams lodged be-
tween the parts during commsroial pumping. It should howswr be pointed
out that much of the dnger from this source would be eliminated 1f the
mtorial was ground Ciner,

Ydeally, the different abrasion eurves should be expssted to follow a
dafinite rettern similar to the onse actually followed. Abrasion should
rise rapidly nntil a fluld containing spproximately 20 peroent solids is
being pumped. Trom spero to 20 percent is the range of relatively fres
movenant of particles in the lLiquid medium, In this renge abrasion is
canned by the ispinging of fast movwing particles against the pump parts,
¥han the percent of solids is, however, further inersased the particle
eoneantration becomss s high that fres movemsnt of the particles is re-
stricted, When particle movemart is restricted, particls welocity de-
aressed, and, as a rosult, the rete of abrasion decrsases. If particle
congantreation is inorsased beyond this percentage a point is reached where
abrasion by grinding takes place., Fenoe beyond tihds point the surwve should
behave as a straight line and rise rapidly as the péreentage of solids is
increased. Yeglacting distortion, it w1l be seen that the ocurves of
Figures 2 to 5 behave exactly as should be expecied,
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PRESSURE TANK

When this investigation of ore and waste pumping was undertaken it
soon became apparent that high abrasion on pump parts, and the relatively
low head of PO to 120 ft, attainable by sand pumps would render the pro-
blem impractieal. Although high heads could be obtained by pumping in
stages, this mould require the installation of sxtra pumps and increase
ths number of parts undergoing heavy wear. High-pressure water pumps that
are capable of pumping against high heads might bs uped but none of these
pamps are designed to handle solide. The most obvious eolution is the use
of soma sort of prespure tank ta Inject the feed into the pump line under
pressure after the water has laft the pump, This solutlien muld make
posaible the use of high rressurs water pumps capable of pusping againgt
high heada and wounld also eliminste the high wear on pusp parts from
particles passing through the pump, The desirsbility of a preasure tank
ecupled with the pump soon becams obviousy otherwiss a separste pump would
be necessary to obtaln the required preasure for operstion of the tani,
Tith thees faoctors in mind, the pmp-rressure tank arrangesent as illus-
trated in Figue 6 wvas developsd, The most optimm~sige relationship of
pressure tank to pump was not worked oul, The principles involved are
however, illustrated, and when tested the arrangezent prowved to be a com~
plets success, To operate Lhe pressure tank, valvea A, B, O, and D are
first olosed, In the pump the water from the wnter tank attains a high
veloeity head., Upon leaving the rusmp this wvoloaity head is largely eom=-
verted into pressure head. lowever, when the water reached the venturi
the welocity head agaim rises, with a consequent loealissd reductionm in
pressure head. After the pump is in operation walve A is opened and the
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pressure tank is partly filled with feed. Walve A ig then closed, Valves
B and D are then opened simultaneously. The tank fills with mier immedi-
ately and the pressure head in the tank becosss equal to that at the pump
discharge. Inassmuch as this pressure head is greater than that in the
venturi, the feed in the tank is immedistely foreed out through valve D
into the main line, When the tank ig empty, valves B and D are closed and
valve C im opened so that the water lewel in the pressure tank can be
lowered to admit more feed through valve A, The cyels is them repeated.
In practioe it was found that material could be fed into the tank and the
tank smptied into the line as fast ms it wms possibla to operste the walves
marmually, Two or three puch tanks arranged in series along a line and with
valves operated sutommtieally wuld eliminate the intermitient flow of feed

present when only one tank is used,
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GOST COMFARTECH QF FUMP V8. SKIF RAULAGE

Any sconomie analysis of pumping we, skip hoisting must also include
a gonaral disoussion of the relsted problass inwolvaed, The wrioun fuctors
inwlved i{n slrip hanlage have been well wried out in the mst, Sush l»
not the oase for pumping, Only & gsenaral sost analysis iz masibls her«s

baeauee the mmping of each cre sone!dered will, of necessity, be a
ssparate problam, For sny ore, lowever, the gemeyal conelderations will

ba the same, It must be resssbered that the weloelty of the water must be
greater than the settling veloeity of the largest or 'marvisst particloes
being pumped, The entails a study of the hindared settling charscteristics
of the partigular ofe in gquestion, The settling welocities of the particles
in question are determined for the most part by the spesifis gravity, the
eige, snd the shape of the particles, Of two particles having different
spesifia gravities, that having the higher will fall faster, Also, with
two particles of different mizme, the settling veloelty of the larger will
be grester, [ound particles will settls fester than long marrow partic es
or flat particles. Inammuch as it is necessary to incresse the weloeiiy
of the liquid pedium as the size and weirht of particlas inereases, powsr

sosts rise rapidly, It therefore besomes esonomigal to crush to smaller
sises underground. The logieal dewelop=snt of this would be the installs-
tion mdergromnd of equipment with vhich a rough concentrsts of the ore
eould be made, This might be sccomplished by sink-flost, Humphrey's
spiral, or other equipment suited to the nature of the cre. The tailing

resulting from the rough concentration could then be returned to the
stopes for fill, With such an arrangs ment, it 15 probabls that many

wines would find it practical to reise less than hall the volume of o=

tarial to the surfaee than 18 now necessary, Other benefits resulting
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from such an arrangsssnt would includes (1) lowsr shaft sinking costs be-
esuse of the elimination of large shafts) (2) utilisation of slower speed,
less expensive holsts; (3) smaller heedfresesy (k) the eliminstion of skip
packets) and (5) eontinmous feed to the trestment plapty and (6) no intere
ferenocs from holsting men and supplies,

An adequate supply of water would be necessary, The gquantity re=
quired will vary with the amount of material to ba pumped, but it should
approximate 70 peresnt of the total wlume, If an insufficlent amownt of
ming water ip availshls, water ecould be brought in from the swrface. The
preasure from the statie bead of the solusm of water from the surfass
agtually would aid the pusp and reduse the amount of work moessary for the
pump to perfors, This wuld bs trus, of sourse, only if the statie
column was connegted into the pump suwetion,

In these proparties whers pumping is already a problem, the sost of
installing an ore pumping systes would be relatiwely low, The principal
expense would be the easts of srushers, rough ore ccneentration equipmant,
and pressure tanks, At properties whers pumping ls at resent a minor
problem, the oconstructisn of larger musping units probably would be necos-

Iy«
Pipeline abrusion would be a dafinita factor to be rockoned with,

Pumpdng through drill holes might be possible in some types of ground) in
that event sbrasion wuld not matter, The use of rubber lines pipes gives

vory soti afastory results,
Triotion heads for rubbeyr lined pipsa are about ons third less than

frietion heads for smooth pipe., Efficient tranarortating veloocitiss for
material 8 mesh or under ranges from 3 feet per second for 1 inch pipe to
9 feet per second for 32 ingh pipe, At the efficient transporting vele-

eity the loss of head dse o frictlon is approxisately given by the
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formmlar Total loss of head in fest par 1000 feet o loas of head due to
wmter slone &t the effistent transporting velocity plus & constant tises
the percent of sand earried. The constart runges from 2 for & 10 inch
pire to 3 for a & ineh pipe,
Indieated direst costm
Puspings
Rubber lined pipe approxinately §12,00/ft,
Pump oot £ pipe and squimment o §2500.00 (1000 head)
Pump cost £ pipe and equipment e 15,000,00 (10000 head)
Oost of pumping w 2¢ to 9¢/ton
Hoisting
Roist cost ¢ equipmant » $5000 to #25,000
Cost of holsting = 04 to 15¢/ten
These costs are approximate, Becsuse of unsettled seonomic sonditions
tofay prices ars diffisult to astinate accurstely, Cost advantages wre
however dafinitely in favor of pumping, lower shaft sinkding costs for
pumping, lack of expense in ewtiing skip pockets, ete., are factors
dif fieult to evaluate but are congiderntions that must be weighed by an
oparator for a prodlem of this nature, Orushing expense wuld be olightly
greacter for pumpe, These costs wuld naturally vary widely with the
mature of Lhe ground, tisber costs, ste,, present at individual properties.

QONCLUSIONS
Several worth-whils sonelusions can be drewm from the results of the
foregoing work.
1, Trom tha viewpoint of abrssion on pump parts, approximately 30
pereent solids by wlume is the most economical solid-liquid ratie,
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2. Elimination of abrasion on pump parts oan be obtained by msans
of a pressure tenk,

3. A pressure tank palms possible the use of multistege pumps by
meang of whieh high heads can be obtained,

&e Pumping of ore or waste from mines is not practical unless a form
of pressure tank is used for injecting the feed into the pump line on the

discharge side of the pump,
S5« A decided mavings ia indicated where pmps are used in place of

skips,
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