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Hydraulic perfonn.ance tests of t.he C,an.ad.:lan River P'roject, Soutlr~at 
.t\que.rl.uct, and a portion of tho S-0uthern System Main Aqueiuct we:::e 
pe.rformed in May 1975. Hydraulic grsdi ... nt v.alJoo wera measured 
between pW!Iping plant No. 9 and regu1£lting tank No . 2 alo:0.3 t he 
Southwest Aqtted.ict becaust1 the gradient t.'as excesalvely high at th1a 
upstrea:o eud of this r each during t h ree-p:..mrp operation. i,.lco, the. 
hydraulic grsdient was abnormally high in the Main Aqueduct at reg-

,,. ..,, , tliD.ting tank No . 6 . Both of these aqueduct:s c ouvey potable water 
( _... 'f'r«:.a th~ Lubb-ock Treatment Plaut . 

ImmedL"'l.tely following the capacity tests, the test hydraulic gradient 
profiles were plotted on graph ~he~ts for compar:isox1 ~"'ith de.s.ig-n 
hydraulic gradients. Thfl hyd;:aul:ic grntli,ant graph..'3 were c 001pletad 
at t11e Car1ltdian River Municipal \'.1i;i1ter J..t1tbc:rity {CRM:.lA) Off ke 6't 
Lubbock, Tu.as. Originals of tha g,raphs w,ere r~W.!loo at the CIDlWA 
Off ice and _duplic.at:,:l.S T.Jere fu..-n.ished to thia off ice. 

l."'heu the test grad!.ent values vere plotted for the Southwest l,.,qtt-educt , 
from pumping plant No . 9 to regulating t.auk No . 2~ it tms epp.nren!: 
that tha existing gradient slope was excessive for thre~··pu:np or,.-.rra­
tiou. Flov resista."1ce of this aqueduc:t reach 1:esu.lted in a g1:edient 
elevation at surge t:ank No. 12 th.ilt cm.1sed ~"1!ter ap:ill at t ho top o.f 
tJie t-0.1.1.k.. Di.schuge for tbree-punp operat ion, a.s cca.S".'J.re<l by Pit.o3ete,: 
v ·elocity tra--"'erse at station 774+oO, >Jns 8.46 fr.3/s c onp.ared to a 
desi.gn diacharga val\JG of 9 .6 fc3/s,,. Although nearly ~l po:rtions 
oft.ha pipeline in the test reach exhi.bitoo hydr~.ilic f:riction 
re.sistan.ce greater than desi gn allo,;.r~"lce, the reach b{J~~t':U the 
station 1006+00 bl0>:io:i£ structure and tbe st.::atian 1030t-00 !l,ill: valve 
structure, had a severe fricti.on ht.~.ad loooa. 
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After elimination of question.a about possible reference e.levation 
in.accuracies, CF.HWA personnel drained a portiou of the South\.--est 
Aqueduct and iu.Gpected tha interior of a major portion of the 27-inch­
dia.meter pipaline upstream of station 1030+-00 imd a portion of the 
reach dounstream of thia station . No reason for the severe friction 
head loss upstream of station 103o+o0 waa diacovered except for a 
eoft, relatively thin dapcsit on che concrete flow eurface. Rough­
ness of mortar-filled pipe jointa was observed; however , this rough­
nasa ha• existed oincs construction and would uot have contributed to 
a change in friction head of t he aqueduct . The 1.nspection indicate.a 
that the flov surface depoait must bathe cauce of tha abnonn.ally high 
frictional reoiatmlco of the tested portion of the SouthveJt Aqueduct~ 

The 1!141."'timum flow test of the Main Aqueduct between regulating tank 
No. 6 and the Slaton turn.out structure yieldad results similar to 
those of the Southwest Aqueduct . That is, ne.a1·ly all r~.achee betwea:n 
Etructuraa had a hydraulic gradient greater th.an the de~ign gradient 
and a severe head loss e:;doted in the pipeline between the sta-
tion 8621+95 and the station 8663+74 air valve structures. 'I'he 
meMuroo r a te of flaw in this portion of the :t-f.a.in Aqueduct -..."as 
7.36 ft3/s compared to a design value of 8.6 ft3/s. A subsequent 
to.st by ClU,Jy7A personnel 1n August 197 5 yielded sfuilar reaults end 
n.arr,n...-ed the a~"'1ere head loos down to the re.sch bet.:wee.""l the Bta.-· 
tion 8621+95 eir valve structure and the station 8632+28 blowoff 
structure. T'ue station 8621+95 s tructure is the first ai~ valve 
structure downstream of regulating tank No. 6. 

the May 19i5 cspacity test of the rn.a:tn· n~ueduct bet.veen the Slaten 
turnout and regulating tL"lk No. 7 revealed that the tost: h}rdraulic 
gradients of pipclins reaches between .tlr v.1lve structures we.re 
nearly tho same .u design gradienta . lioW'i!".fer, the reach from. the 
Sl4ton turnout to the atation 9107-t-09 .air valve etructurs had a g-ra­
dieut slightly greater than design. The measured rate of flow down­
strum of the Slaton turnout waa 4.47 ft3/a comp&.red to .a design 
value of 5.6 ft3/a, but the r educed rate of flow can partially be 
attributed to the high resistance to flow immediately downstre8ll!l of 
the regulating tank No. 6. 

When CRMUA personnel drained and inBpected a portion of the Southvest 
Aquoduct ne..ar station 103o+o0, a san:.ple of che soft, g-rayish brown 
deposit on t ho. pipeline flow s:.irfaca vas obtained and analyzed. The 
analyois revealed that the deposit contained a high percentage of 
aluminum oxide. At that ti.mo, person.e concerned with t hs reduced 
couvayance ca~acity of the &qucducta, dcrm1strea:n of ~he Lubbock 
Treatment Plant, were not convinced th.at tho th.in deposit would 
CellSe the abnormally high resistance to flow rev-ea.led by the teste. 
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A paper titled, "Loss in Cap~ity of a Large Di&rooter Yater Pipeline ," 
published a~ paper No . 2-3C, in the Proceadings, .At-aerican Water Work.a 
.Aot1ocin.tion (AWWA) Ninety Fifth Conference (1975), described a. prcb­
le::a s~at identical to tho decr~ad c.ttpacity of th.a Canadian River 
Project aqueducts that convey treated water. Tha paper dea~ribed 
tnvutigation.& of a. Loudon, Ontario, Cs.nada water supply lina that 
revealed th::l rcdw:ad carrying capacity of a 42-inch-diMi.ater, 5-aile­
long prece.st concrete pipelinia to bo due to a dopos1.t on flow aurfacaa. 
The dcpoait vas about 2 mm in thickne~s and contained about 40 per- · 
CCilt aluminum oxido. Tlls ssmple talten from the South'IJE!.cst Aqucc.uct 
contained 18 .4 percant altui;;iuuu (35 percent aluminum or.id~) and tha 
flew ourface dapoait waa eatimated to be l mm thick. The hish 1.du­
minu orlda content of the dapoait in tha Lon.don, Ontario pipeli!le 
'io,a attributed to use of liquid e.l.tmi as a coagulant du.ring water 
treatment . The description of the Ontario pipalina deposit nppt"...a.red 
to be identical to the dcpoai t in the Southi.rest Aq~educt. Thero ore 
other oi.1dJ.arities of conditions in the Ontario and Car.acian River 
Projact Systems . The paper stressaa th~ fact that the troubl~aome 
dep.osita occurred dcr~...1.at:;-e.ani of raclilor:Luat.ion and f luoridatiou of 
the watEn:. · 

Rf fo-rts to remove the deposit froo the <r..:i.ts.rio pipeline by a 
re.disool.ving process were not aucceesful. The· decision waa made -to 
"pia" clean the pipelins"i s e. last r esort to restore cueying capacity. 
The pap,eT wnu written bef ora tha 0 p1g11 cleaning was don.a and -result a 

· of the cleanill8 were not presented . We se~t a l~tter of inquiry to 
the principle author of t he A1{'r1A ?roceediI!.gs paper in February 1976 
&skiug for informa.tion :.ibout the t\.tI'-iCt1'\"eness of the ''pig" cleaning 
mtd whethar or not cb&ng1ae W<i}re made in tlle vater tteatment procesa 
to avoid reoccurrence of tho alumina deposit . No reply to ou~ latter 
of inquiry has been roceive.d . 

' ' 
011.l!lite inve tigation.e by CID'1WA and the exceptionally pertinent paper 
cited nbove l ead to the conclusion that relativuy thin soft depas1ta 
co-ntaining a large parcaut~ge of ~lur:u.nma oxide are reRponsiblc for 
a majority of tho reduced ca~acity oi tho Southwest Aqueduct. The 
s.zae type deposit i.g posoibly the cause of reduced upacity 1n t~..;. 
m.&in aqueduct between regul.a.ting tank No . 6 mid the Slaton turnout. 
Even though "pig" cleaning of these pipel.inea will ba trouble.aote.e 
and expensive, this type of cleaning ee.e.mn to bath.a only practical 
method of reat~ring c~pacity of tha pipelines . 

Duril:Lg the two-pump &nd three-pump operation t estn of the Soutlrtiest 
AquGduct, tha pressure h&'td created by each operating pump in pump­
ing plant No . 9 wa~ meatiured. The total m:easured discl1arge ha.s been 
div-1.ded by the number of puhll)B to dctonrlns sppro::dmate single-pump 
di~eh~g5. The pressure head measured acrooe e.ach pump haa bean 
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adjusted by the addition of the difference between d1sch&rg3 veloc­
ity h~.ad and auction velocity hesd to determine total head. The 
tabulation below prc8181\ta total head 4nd diach!lrge value.a obudned 
in 1975 ari.d the pump manufe.cturer'e dinchargo values at eorre-mpond­
ing total heads. 

DC-501257 
(plant 
pump l~o. 3) 

DC-50125S 
(plant 
pump No. 4) 

Mfg. -pump No ,. 

DC-.501258 
(pl&nt 

, · pump No. 2) 

l>C-501257 
(plant 
pump No. 3) 

DC-501255 
(plant 
pump No. 4) 

Total ·pump 
head_ (ftL 

110 . 

110 

One-half 
total flow 
.Y!allminL. 

1,.517 

1,517 

"fhraa-~ Operation 

Total pump 
head C£U_ 

122 

122 

122 

One-third 
t otal flow 
j,Jl.¥,/min)_ 

1,266 

1,266 

lp266 

Mfg. teat 
discharge 
{gal/rr.dnJ 

1,710 

1,690 

M.tg. tes t 
discnru:ge 
(gal/min.) 

1,420 

1,450 

Discbarg• 
crum.ge from 
Mfg • .;._~st •• 

-lll 

-10% 

Discharge 
et.ange from 

~...fg . test 

-lll 

-13% 

-13% 

The tabulation shows t h.at the diocharge capacities of the pumps . 
have decreased since tha ma.nufactur~r 'e tests were perfo~. The 
capacity decreas~s a.re probably due to seal ring wear . Iloviwer , 
tha May 1975 cap~citida of the pumps are very cloe~ to th.a original 
r aquired rated total bead and rated disch.nrga point shc'w';l on the 
Crane Company, Demi.ng Division, test curve sheet f or each pump . Tho 
1975 pu.~p capacities t'IUre near the original requira:nen.ts becausu 
the PUI\.'P3 had more than require.tl diacharge ca.pa.city a t rated ooad 
when t ested by tho manufacturer. 
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· Wa know that Mr. · John Williams, General ?'.an.ager, CRM'J7A, is s:rud.ous 
to 'receive information contained in thio letter. . I will appreciate 
efforts of youT office rcquir~ to relay this infor-..i.1&tion to 
Mr. Willia.ms. 

HOV.JARD COHAN 

.. . ,, 

Copy to: Chief, Division of Water O&M, E&R Center 
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