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PRELIMWARY FIELD INVSS TIG, TION REPORT 

Tailin s Dis~osal Pipe Lines 

Authorization and Aoknowledgemsnt 

The field trip to the Climax Molybdenum Compa.ry we made at 
~na the request of Mr. Robert A. Steele representing the 
Climax Compaey . Me.mbers of the engineering · group king the 
trip from Fort Collins inoluded s . s . Karald and~. w. Sayre, 
of Colorado State University, a nd Dr. D. B. Simone, E. V. 
Ri chardson and w. L. Huusbild of the u. s. Geological Survey 
st:l tioned at Colora,10 State University , .F'ort Collins, 
Colorado . 
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INTRODUCTION 

Na~ !.ru! Purpose 

The Olimax Molybdenum. Company h QS embarked on a multi-

million dollar expansion progr to inorea.ee th production of 

molybdenum. 1be plu.nt expansion will require, among other 

thing , an increase in the cap city of the tailings disposal 

system. It is th disposal ystem with vhich the field trip 

was ooncerned. 

The tailings are presently conveyed hydraulically through 

two pipelines (uo d alternately) to 'a tailingb pond about~· 

miles avay from the main plant. '!be company plans to cCJntinue 

with tihe h.}'dra.ulio diapoeal of the waeteil in the total expanded 

plant system. Thie will require an increase in aize of the 

pipelines ; the design of such line or linee will be de9endent 

upon the hydraulic charaot11ristics of' the pip , the fluid, and 

the tr::i.nsported particulate material. The principle inf ormation 

required for design is the relationshir of head loss to velocity 

of a epeoifio slurry floving in a pipeline of given size and type. 

Description 91. le! Dippoa l System~ Properties£! !:h2 Tailing~ 

The present average plo.nt production neoessitat s disposal 

of a bout 33,000 tons per day (T. P.D.) of slurry at an averuge 

concentration or about 38% of olide by weight. Normal ly the 

flow varies l i ttle and the concentration may vary from J6 to 

42 percent. During mill ehut dovn periods the flo-w may dacreaee 
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to about 1 5,000 T. F. D. : or short period! under abnonaal loads 

the rate may i ncrease to 40, 000 T. P.D. It is expected that 

ul t imately the ex-p6.Ilded facili t y will require diaposal of about 

60 , 000 T. P.D. vith increase in concentration to about 45 peroent. 

The tailing from the mill flowa t o· a Taili nge Di stribution 

House vhere th flow to individual pipe lines is oontrolled. 

'l'here are t-wo pipelines from the distribution houae, one along 

the west and the other along the east 1ida of the valley. The 

f low in these lines is ent irely by gravity. The existing pipe­

lines are primarily 24 in. vood-stave pip~. Concrete pi pe 

sections have been used t o replace worn wood-stave sections. 

A portion of the pi pelines on the wast side of the valley also 

contai ns a paved cor rugated metal pipe section 30 inches i n 

diameter over the tailings pond d8lll. 

The total length of t he pipeline to the tailings dam on the 

west side i• about 12,600 feot, and the total drop in elevation 

at pre ent is about 275 fe et. The pipeline slope varies f rom 

.010 to .001. There are 18 drops in the pipeline varying in 

he i gh t from 36.9 feet to J.8 f eet depending upon the topography 

of the motllltain sid. Some of the dr op are 45 degree enclosed 

drops while others are vertioal drops provided with n air 

vent. A typical drop of the lat ter t ypo 1a shown in Fig. l. 

f ig . 2 s t:o-ws a general view or a typical r ach of the west 

pi peline. 

General comments are limited t o the wast side ipeline 

s i t s expect d that t est wi ll be de only on certain reachss 

of this pipeline. 
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The sol1da transported u waste from the mill ea.n he olassif i ed 

as f !no sand ha11ing a speoific gravi ty o · about 2 . a. '!.'he she 

dbtribution dep nd.s upon the 11gr ind "' in the mill. 38- rind f or 

i nstance re.tel' to J p rcent o;· t he ma terial ret.61n on a lOQ...mesh 

screen . typ1eal. si ve analyeis : or JS-gr i nd would bi 

" iev eh Partiole Size Percent 
siae 1n. • Retained 

48 .0104 • 264 11.2 
65 . 7 .195 24 .4 

100 .0050 .127 ;a.o 
150 .0033 . 0$4 48 .4 
200 . 0025 . 0635 56. 2 
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BRIEF REVIEW OF LITERATURE 

Whan flov in a. pipeline is highly turbulent and the partiole 

concentration in the oroee-seotion or now ie relativel1 uniform, 

the mixture uy be treated analyticall,y as a homogeneow, fluid 

with ite mase d$nsit7 corrected for the pre■enoe of the euapended 

pa.rticlee. 'lbe rea1et&nce ~quatione for pipe flov rJlfJ1' then be 

used, provided the head lo•• 1• corrected for the apeoifio gravity 

of the mixture. The vorke of Durand. (4) and Gregory (6 ), O'Brien 

~011011 (10), Babbett alld Caldwell (1), Mikumo (8 ), Durepair• (5), 

and ~era have confirmed the validity ot it.a ~•e. 

As the inteneity ot turbulenoe, relative to the aize of 

particles, decrea~ s to eome stage, the po.rtiolea can no longer 

be trsnaported in homogeneoua mixtur. Th• re•i tanoe equation 

does not hold for th1a het&rogeneoue rnixture beoauae the eff eot 

or particle eettling beOOJllea important. From the early tests by 

Blatoh (2), it vaa obaened that tb.e head-loaa cu.me of a 

mixture deviated from that ot a pure tluid at low velocity flow 

and high oonoentration of partioles u ehovn 1n Fig. • 

lnorease in particle aize oauaea the settling velocity to 

increaao relative to the mean velocity or flow, hence developing 

a s l gnif"ica.nt concentration gradient in tho vertical eroaa 

aeo tion or the pipe and caue ing perhape, deposition along the 

. invert ot the pipe. 
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If the sediment concentration gradient becom I pronounoed and 

is combined vith a range i n size distribution or the transported 

particles, analysis of the flow eye tem beo.;mee difficult. Hnch 

resea r ch vor.k has been done with unil"orin size materials. Typical 

i e the work of Durand . 

Thro gh dimensional and i nspectional analysis, Durand was 

successful in consolidating his experimental data in the non­

deposit f lo~ regime with a s ingle function oxpresaed aa1 

wherez 

v2Jco ) == o 
gD( ~ - (') 

f' s 

J = Energy gradient of mixture f'low 

J 8 = Energy gradient of pure fluid flov 

Ct = Mea n conoentration of sediment b;,1 volume 

V = Mean velooity of flow 

Co == DrRg coeffic ient of sediment particle 

g ::: Acoelerntion due to cravity 

D = Pipe dia.neter 

f's = Maaa density of the sediment 

t<> = Mass density ot the f luid 

'±' ::: "Fwiction of" 
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'ftla theoretioal baa1• tor t.hi1 correlation 11&,Y 'better be 

undaretood ..men compared to the theoretioal equation ct l&vitt (9)s 

where w = Terminal tall v•looity ot aediment particle, 

or again vi th Vogt and Whi t e (12 )a 

where, A= oonatant 

d = oba.raoteriatio •ediment diameter 

--{ ·:::. specific weight ot fluid 

Re= Reynold, ntaber 

It the 1011d1 are large and the difference in ma.ea d naity 

of the nu1d and aedi ment 1a large, or it Ule mMA velooity b 

small, there will exiat a pronounoed 1.noreu• 1n concentration 

near the bottom. ot the pipe. Some obaerw.t1ona on the Tertioa.l 

dis t ribution of sediment concentration and local valooitiea have 

been reported by Hovard (?) Durand and Chsaberlain (3). Integral 

i nterpreta tion or theee results, howeflr, is ditf ioult, even 
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though it i8 apparent that the exietence of a me.as density gradient 

has a profound effect on the magnitud of the devia tion of the head 

loa{:J curves . 

In many industrial applica tions of sediment transport in pipes, 

a con iderable size grada tion of the particles exist. , In spit 

of i te praotioal importance, the effects of size distribution on 

the transport oharaoteristioa are only qualitatively understood . 

Durand observed that an equ.ivalent diameter of the mixture 

might be used if it is based on a weighted average. The meohani ms 

involved are not clarified, and it is unlikely that a simple 

rela tionship can adequately include all the effeote. One of the 

more significant effects observed in the mixed-size transport is 

th· t the fine sediment seems to have an important role in reduc ing 

head loss. 

Binary mixtures of sand and gravel with a d1 &lll8 ter r a tio of 

ls40 were teste<i at the Imperial College in London and it we 

noted that there was a maximum carrying capacity of gravel with 

sand conoent ration of about 15 percent. This phenom non may be 

of great significance in many industrial applications. 

At Colorado State University comparisons of flow and trana­

port charaoteristics of 12 inch Hel-Cor pipe, plain pipe and 

s t andard corruga ted pipe were made to tudy the ffect.s of 

artificial roughne915 on transport . 1he reeulte showed that the 
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Hel-COr pipe oan usuall7 deliver more sediment dieaharge with less 

had los than the other two pi pes tested . The U •• Corpe of 

Engineera (7) has long oxperimented io th design o! rifiing or 

pipe to increase sedjment tran port in circular pipes. 'lb se 

expe r iments indicate that rining increases the e!f ioiency of 

the line :i n cases where the mater ial being transported would 

settle out in a plain pipe. The ef~icienoy is decreased by 

riflin , however, if the veloci t y and turbulence are already 

great enough to koep the aed lm nt in su pension. 

In the fore oing brief discussion on tha mechanics of 

transport in pipelines, it i o evident that a unified theory 

is difficult to eetablieh, hence a generalized design criteria 

is not readily poss ible. Lacking this design criteria, it 

." appeare that 11t present, the beet meth0d f or designing large 

and important pipe-trans port systems is to utilize all avail­

able analytioal, and empiriool knowledge that is applicable to 

the system, include benefits of past experience and to make 

special studies in labor tories or in the field pertinent to 

th~ proposed 1yetem. 
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THE FIELD S TUDI 

Oenen.l f llf PQIS! 

'?he purpo■e ot the field e t udy 1a to obtain data f rom th 

existing Cl.iJ&ax Molybdena Comp&111 pipe disposal a11tem to develop 

sufficient ba.okground information for uae in deaisn of the enlarged 

sy•tem. It 1• Wld.er etood at t he vriting of thia report that the 

ComJ>&llT viahes to uae conorete pipe in the new 1.AetallationJ hence 

the t1eld data ahould be ooatinecl to t.he exiatina 24 1..noh concrete 

pipe. 

Th• r.oo?111Hnded r-.ohea tor teat are the oonorete aect1ona 

above and 'belov Drop lo. 3 in the vest pipeline. 'l'heee reaches 

haTe been aeleoted on the buis ot lengtb, aooeaa1b1lit7 e.nd 

adaptab111t, for laborator7-type teating. Aooording ~ the 

Coapany r.oorda on the profile of the a7atem, the elope of the 

line upat..ream ot Drop No. J 1a 0.0054) and the alope downatream 

from the drop ia 0.00587. The drop ie a 45 degree encloaed 

drop or 8.3 teet. 

Egu1t9pt Im Ie•truNBtetiop 

DifM:&t::me p9fia& ADS. hYdraulio-gradient 99ntr9l 110tiop -
.9<' 

It i■ reoomaended that a if-tt eection of 24" I.D. steel pipe, 

(Fig . J) equipped 'With an orifice plate tor meuuriug the flow 

a.nd a butterfly n.lve (Fig. 4} for cont rolling th flow be located 
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in the reach of wood-atave pipe immediately upstream from Drop 

No. 4 in the west tailings line. Location of the orifice plats 

approximately 50 ft upstream from the drop wuld be satisfactory. 

A side-contrac t ed ~egmentR.l orifice plate ia reoo; ended, 

because it will not cause sediment deposit at th orifice which 

would affect the orifice ooeffloiant. 

The butterfly valve 1s required for the purposes of: 

(1) maintaining flow unde:i:- presaure past the orifice pl a te, and 

(2 ) providing full flow in the second test reach. 

Pr9ps~re- tap insta.llationp - Pressure taps (Fig. 5) should 

be i natalled at regular interval s along the two teat sections. 

There should be no le~s then four eats of taps along eao.h test 

section. The 60° angle from the vertical angle of orientati on 

for th8 taps shown in Fig. 5 is scmewho.t arbitrary. However, 

j t iG advisable that the taps be located at some angle less t han 

90° from the vertical, the wa ter-surface level under free-flow 

condi tions permitting . 

~meter; - The sketch of the inverted u-tube d:1f'ferential 

manometer for the orifice pl a te on Fig. 6 is self-explanatory 

with t he possible exception of the settling bottles, the fwiction 

of whioh is to prevent sed iment gra.ine f r om being entrained 

in the tuanometer t ube. Heavy-wall glass bottles, tight-fitting 

rubbc' r sto1,pers, and t l"dn-wa.11 brass t ubing can be used to make 

the settling bottles . The manometer tubee should be filled with 
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clear water from ... ,he top in order to avoid proble;ns vhioh yould 

nrise from not being able to determine precisely the epecif1o 

gravity of the unstable f i ne-sed iment suspension in the manometer 

column. 

From the poi nt of view of portability and e se of handli.ng 

it may be advisable to break the portable manometer into separ~te 

wa. ter and mer0ury manometer Wli ts r ther than to combine them into 

a. s ingle unit ae indicated 1n Fig. 6 . At least two sets of manomo~er 

units should be constructed so as to permit simultaneous observt1tion 

of the hydraulic-gradient level a t the opposit onde of a t est 
#_j<. 

section during establishment of equilibrium !low and sediment-

t r ansport condition■• Since manometers are oomparitively cheap 

to build , and since only two test reaohee containing a total of 

eight sets of pressure taps are contemplated, it may be well to 

provi de eight non-portable monometers, one f or eao.h eet of t nps , 

in view of the time and trouble 1t would eave vh n taking 

mea :5 uremen t s . 

1,Jhen operat5ng the manometers, care should be t aken t o 

ensure that nll air bubbles ar e r8Illoved from the pressure· tap 

l ine . 

Sediroent concentration - I t is recommended tha t sediment 

sa.mi:l ee for oonoentra tion determinations be obtained with a 

·;. s . DH-48, depth-integrating sampler or equivalent~ The 

eamµle ehould be obtained from a t least three vertical5 soroes 
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the reot.angul.ar eection 1n the distribution houee. A deeirable 

location would be vhero the tlov pueee over a sill extending 

aoroes the width of the channel. 

~ d9pth •oundt£ - Aooesa P'rta tor the sonic d pth 

aounder (Fig. 7) should be provided in each test section in vhiah 

1 t is suspected th t apprsoiable amounts of sediment &re being 

tran ported as bed load. AcoeH parte 1hould be looated at about 
i;, 

the midul of the test reaoheo. Since aharp bend• at the bee 

or vertical. drope a.re aomonly oonsider&d to create the conditions 

moat favorable to depoaition, it might also be advi,able to 

provide aooees parts immediately dovnatream from vertical drops. 

fl,comaended Prooedure 

Qollegtion gI ~ - After changilli or adjuating flow 

conditions (Qm or J) in a teat reach, allf'f1o1ent time must be 

allowd ror equilibrium condition1 of b.;ydr ulic gradient and 

s dtment tranaport rate to be re-establi shed. Particularly in 

oases involYing tree-surfae flow and depo■ition on the pi~ 

invert, more than an hour may be required. . Stathtieal etab:i:li ty 

of the difference between manometer readings at the respective 

ende of the tests otion indicating a ■ tabla hydraulic gradient 

•Y be regarded ea criterion that equilibrillll1 eonditiona 

have been established. Y' ,en sed1men t 1 being tranaported a.a 

bed load along the invert of the pipe, etatistioal oonatancy of 

deposition depth ae indii::a ted b1 the depth aoullder would be 

another equilibrium criterion, 
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After equil1briua conditions have been established, measuremente 

should be obtained within as short a time span aa possible s ince 

unoontrolled variables (e.g. temiierature ) are oap3ble of caueing 

regi.rne changes • 

TI:le measurements which ehould be obtained and their sequence 

1st 

1. Discharge - measure before and after obtaining 

hydraulic gradient measurement.a. 

2. Fluid temper11ture - before and after as with 

discharge. 

J. Hydraulic gr adient meaeurament. 

4. Depth sounding measurement.a - wen some of 

the eed:1.ment is bei ng transported ue bed load, 

the depth aounder should be allowed to operate 

and record conti nuouely while h;ydra ul1e gradlent 

measurements are being obtained. 

5. Concentration - sam1-les from the distribution 

house sholll.d be obtained before o.nd after each run. 

It is also reoo1mnended that visooai ty and speoific gravity 

measurement.a be made of mixtures containing several different 

concentrations of tai lings, after having alloved initial settling 

(suy t hour). Curves shoving fluid properties as a fWlct1on of 

c0ncentration may then be oon1tructed. 
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It wuld be dee1rable to run teate for now und r prea ure 

and rreo-eurtace flow eimultaneoual,y, with the tree-aurtace floY 

in Reach 1 s.nd the flow under preaaure 1n Reach 2 if proper adjwst­

ment of th bllttertly valve above Drop No. 4 permi ta this oombina­

tion or eonditS.ona. If it ie posaible to intain approxima.tely 

uniform flow in Rea.oh 1 by oontrollin8 the water level in Drop 

No. 3 vi tb the n.l ve, thie would alao be desirable when obtaining 

d ta in Reach 1 for rro ... aurtaoe tlov 0ondition1. This may not 

prove tea1ible, however. 

!!el! gt yariable1 - It i• reoownded that data be obtained 

for flow oonditiona involving four coneentrationa at each or 
three dif.ferent dieaharges a.a indicated 1n th table below. It 

ahould be poedble to obtain these ,ooDditiona by {l) diverting 

part of the flow into the Es.at Tailings Line and {2) regulating 

the flow ot clear water into the system. 

In addition, it would be very desirable to conduct at 

least one run with olear water 1n order to eetabllah definitely 

th rollghness o.b&raoter1 tics of the pipe • . 
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Table of Recommended Range of Variables 

m Cw Cv 8 ',/ 

cfs % % tons/ a.y cfs 

15 O. JO 0.138 15 , 000 12 . 9 
15 0. 35 0 .167 18 ,100 12. 5 
15 0 . 40 0 . 199 21 , 600 12 . 0 
15 a .45 0. 2J4 25 , 400 11. 5 

20 O.JO O. lJS 20,000 17 . 2 
20 0 . 35 o 167 24,200 l u . 7 
20 . 40 0 .199 W , 800 16 . 0 
.20 0 .45 0 . 234 33,800 15 . 3 

25 0 . 30 O. l Jo 25,000 21.6 
25 0. 35 0 .167 30, 200 20 . 
25 0 .40 0.199 3 ,ooo ~o .o 
25 0. 45 o. ,D4 42,300 19.l 

In the above tables 

Qm is the discharge of thew ter-sedim nt mixtur 

C,., i the concentra tion b_ vei ht of s dim nt 

1n th mixtur 

C,, is · the concentration by volume of sedi nent 

in the mixture 

5 i s the s diment isohar ga 

v i s the water uischarge 

The e~UAtions r l a ting these quan t ities ore, 

Cw = G Cy_ 
Cv (G-1) + 1 

Cv = C;w 
Cw 0(1-Cw) 



-17-

Qe ::: 43.2 Cv Q a '? w c:: 7230 0v Qm tone/day 

~v = (1 - 0v) Qm 

l n the above equa tionsi 

G i s the specific gravi ty of the sediment (2 . 68 ) 

, w ie the apeo1f1o veight ot ~ater {62.4 lb/rtJ) 
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ANALYSIS OF .l)ATA 

The nov dischargee and conoentrat1ona reoome.nded 1n the 

table ot variables -were arrived at b¥ (l) oonaidering preaent 

operating oonditione 1n the West Tailings Line, and (2) a rough 

analysie s i milar to the one pertonn.od b7 Parmakian (11), the 

reeulta ot which are ahovn on Fia;. 8. 

The clear-water head-losa ol.U'ft on J'ig. 8 vu obtained b1 

w,ing the Daroy-Wei ■bach torm.ula, t having been deter.mined 

from the Moody diagram, &Hum.ing T ::c 50° 1 and pipe roughn as 

::: :z: 0.005 rt. '!'he curve• ot.oonatant Cw vere obtained bf 

applying a variation of the Du.rand formula 

to Wilaon' ■ data (13) in th manaer outlined b7 Panu.k1an. 

In the above equations 

J 1a the hfdraulic gradient or th water-aed1aent 

mtxtur• 

J9 ia the hfdraulio gradient for clear v ter flowing 

at the aaae velocity 

k is a conatant of proportional! V 

V is the velocity of !low o! the water-a•diment 

JPJ xture (V a QJ A) 

I 1■ the acceleration of gr v1t1 (J2.2 tt/aec2-) 
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D is the diameter of the pipe 

Co t dimenllionles drag coefficient for the 

sediment particles (absorbed into k in this 

case since only o sedi. ant 1s eoneidered) 

s is the maas density of the sediment partiolee 

(5.20 sluge/rtJ) 

ic the mass density of water (1 . 94 al gs/ft3) 

It 1a recomm ruled that the exper imental data be plotted n 

the manner suggested by Fig. 8, or as a similar family of curves, 

in order to oheck the validity of the ano.lysis. If the predicted 

tr r.da prevail, evon though the position of the curves be ahifted 

omewhat, it is our opinion toot the information derived from the 

experiments would provide an dequate basis for the design of 

the f ture pipeline, at least for the case of the pipe flowing 

under pres ure . For the oe.se of free-surfnoe flow, however, 

where hydraulic g j ients in tha experiments will be limited to 

the existing gradient of the pi;:elin.1 , supr lementary labora tory 

experim nts in which pip, gradient could bo varied would be 

desirable. 

In analyzing the data, it should he remembered that mano­

meter reauin ahould he corrected for the dii'f rence in 

specific gravity between clear water (or other manon,eter fluid) 

and the wa ter-sediment mixture flowing 1n the pipe . The 

observed manomet r readings may be corrected to obtain the 

piezometric head of the vater-sadiment mixtur by u e of the 

reb t1on,sh1p 
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H,. ia the corrected piezometric head 

· r 1e the speo1tlo ve1ght of thA, manometer fluid 

( m 1a the 1peoU1c wight of the vater-aed.1ment 

mixture flowing ill the pip• K'm = 1w [1 + Gv(G-lf 

It the interface between the manometer and pipe fluid 1s not 

maintained at the auae elevation as the prea1ur• tape , an 

additional correction ■hould be made. 

Reterring to Fig. 8 it 1• intere1ting to note the looat1on 

of the point 1.ndioating a tranaport rate ot 33,000 T.P.D. of 

tailing■ at a ooncentration by wight of O.J8. If the analysi1 

is anyvbere near oorreot, the flow Telooity 11 well above that 

(indioated by tb.e low point• on the Cw 011rVe1) . required to 

maintain the tailing• in suapen■ion. 
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