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on ssdio�nt load 2�� head loss hnva been installed. A single 
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da't�:l .. �i:�al(i?J.g i:t1st�rtL,:en·ts j_s rlOi.;"'J lJ.lldo:" t:a:re 

ihn -� '-:l f:' i r> r-> (1•i ·� ,...;...,., � ·."\ ( c- o r.> T:q� ) ) "0 �·i<·A..;:, o·C> ... 6" , .,. h-i c; h -..- V u c;. ·� --V V ... ! t.r ,..,._- .�)1J. L t0 ! !V l.'V'C- j,<f ... ·-�,• -� " \; J..i.C1-Vltk! ;J. C". �V" .... . u, i-' J. .! .-0 __ 

hefl.d Vf.:l'·ticEl ti..�rc::l.:::.e pump \·:hich d.'�liv2;.�s clet:m \·tater to a. nozzle 
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lOV!8Z' end of 1:h.;lch 2..s subD1e1:·ged :u1 � ilOl'VH" corlt&.::.n:Lng \·zat.e:t' and 
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mixtur a.s j_t entGrs the mixing t12bc. 0:1 i.:;hB dcvmstrcan1 end of 
the tuba, v.zld.ch is phys:i.cally abo- e the no�zle� there is bo�::.h an 
orifice foj:' d8te�:uining discha.rge, e.nd equip':ilent fox· sa.mpling th� 
tots.l sedim�mt lo�d... From t!'lis Do.:i.n'c the mixtur"'e of vwter E:::Ld 
sedimer:.t :i.s c�Tried to a diffuser locB.'G0d at the upst:ceam end 
of the t cw·;� pin� lJ.� .. e. A plastic z<�:.;:-:-J.ing sec"ion :i.s locat9d 
e.t. the dov:r�st.r�fl.m ond of the test. pipe l1.ne. Imraediat.ely 
subsequent to tr1is section the line CE;���i ;s into a pipe that 
carries the r::ixtu:re back to thG hopper·. P.l1 of the sedi.meL..t and 
a part of ths vater 2re retaiDed in the hopper for recirculation. 
The l'cme.in ... er of tl'le v;2.te:c is :cetu.rr..ed to the 60 hp pu�p to 
opet·ate the jet. 

The jet .t-li2P vJas tha apparent solution as a method to delbrer 
large dischar·ges at lm1 hendtt, and at the same time use the high 
head vert icE,l tu-'bine p�Eilv v1hich 1tJas available o Furt.Lermo�ce. it 
vJas. the m1ly \ sy a,vailable for recil·culeting the sedimGnt . Bnd yet 
not. pass it t!U'tl the rv.nnsrs of a turtd.ns Or' cenvrifu.gal Dunll1o 
The design of the. jet pU:!!p "\'Jas based on qua}.itati-:;e cow.pu1.:.�tion, 
as a review of the literature indicated little quantitative 
data eJdst.s for the j0t type of pump espec·i ally ·whan a sediment 
mix ure is i1nol ved.. •ro date ti:Jo designs of jets have bean tried D ·noithe--� �v·in'"' ' ·--�r 1 ��· i &-.-,r.•- ?"' "�"' ·lt � 

.._. __ - .,_ g ... •-·"··o e. v.:.._e __ y �>CA.G-8-�. a ,,-co_y !�.::>:>�--, o 

A simple m:::;thod ls still n�ed.e�l for separat:i.ng the vJater and 
sediment at a. :r-apid rate. The size of the stilling b�sin (hopper) 
arotm.cl the jet is 1::i.mit�d to the di�<•e __ sicns of the sump� At . 

pr�sent it. app<::e.rs to be in.:?-dcd\ato for 1 ?f.'ge discharges bGcause 
{- , , 'i"'.,_,_ , (·'nc c lrc .. -n •· -1-Y.,,-. Qo.-'; ... ::..,-"- x-.�.-.� C!r:>t-->-1�!1C? .; .,.. the. ,dc·'l ·nJ' t t of V t.:a- U �t.l� ""'• ..._.. !.!;. .... ·._�,;0 'J,._�c,;; vv.J.-�!!l._..C...i!,., J .. . !,. · ! 11 v-._•l_t .. ,. .• .. -b ..J- .(.1 · .... - :; J..,. .. '"" .. 

the/ jet ""s desired. A screen '<'Jas in st "-\l le a �,s one me::.ns o..: 
fo'·"cin�>' �1"-"'' ,-,er� ·j,.,; .� ;"'> -i- '·r.

. 
c o v<co:. n ·i- � , . 3-.C Q"c"I':>Y' �-he J' r-.. t h u-'• '-his 1. - b v!. .... - �J u "' "" � -_, , ..1 v V:...; J:.. '<:;' ... .a v .!. au"', � .1to...�.. V - t;;; J u tJ, V .. 

procedure proved to be uus��cessfulo 
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In. st. ruDl8l1 ;·,at. ion 
··� ..... -_ _.........,�-------'-··· 

le Det0r�ination of HG�d Los�: 
• ·...._�-� ., .. ----..�-< -'<-Oo.-=�->e::ru·-..oe--.-"' .. ..-

The he-d loss alrng the p�pe line is detetmined by 
p i C\ svmr;te�\ ... loe··:t·t,a:i at J_G ft ixrGe:n�;o.l.s. Eflch lJ:lezoBGt�r· tap is 
1 oc"'.�eci �-t t:,he lo�-': poi:tr'c o.f a co;_:··rugcr'ciorl (r:-ertrest C B11t cr-li1. .. e 
of tha pipe) on the HET,�CORo Addi ti.onc:l tc;.ps 'IJiJ.l be installed 
at the h:Lgh poi�,_tB of the corrugations and c::�bo'..lt the periphery of 
2. c1 .. oss s·actio,!_�t' to make sure the data obtained f1•om the lo�q 
!-'oints a�e corr' .ct,. 

As shol'-J _ _, in Fig. 2, the instru�'3n�>J fm.' determining totnJ. 
s�cU .. ment. lo�d 2nd discharge of the 'r'IC.:.tG:'- 2edir-ent mixture cu·e 
located at the upper end of the vertical mixing tube� a short 
di�.t.s:.nr::e do.,.:mstx-eam fror0. the regio!1 required for the jet to 
diffuse to the full diL'l�n::;ions of the tube. This location insures 
that all the se_i�ent will be in suspGnsion w1en the total load 
�s measured regardless of concentration. 

The orifice plate fer measuring di charg� is an annular 
plate de3igncd with the sharper edge on the do�nstream side. It . h 1 . ' A. h ' ..... , ..... ' . h t l.. • . . .1:' '- h . ,. . 2.s .... e_:tevea ... .. ac. \•:J.:...n u .rn.s s ape - 1�e o.lr;J,ens:.ons O.J. "' e orl...T. :.t.ce 
opening will be lass subject to change due to the abrasive action 
of the sediment. Another factor thQt may affect the calibration 
is the sediment concentration. It reauires calibration at 
s3v�r�l conce�trations to determine t�e magnitude of this affect. 

The total sediment load is measur�d with a set of four 
sa.mr)lers, each locaced ///2 radians apart along 1/2 of a diameter 
of a nor::.na.l cross section. The sampJ.er entrance is located at 
the do\1nstree.m edge of the orifice; a region of quitG uniform 
velocity distribution. It is hoped that after calibration a 
s1.ngle point in the region may be used t,o dete:rm5 .. ne total load. 

3o Distr:i .. bu.tion of Sedi�ent at a S0ct:i.on Normal to th2 Direction 
0:-:f�·"'o - - ·-------- -����---------� -·-------�� 

J l. • -- h. . 

The sediment concentretion at a point in a section normal to 
the flcN is found by meur s of a co3binatio.l pi tot tube and 
sampler, see Fig. 3. The ambient ve. ocity is measured with the 
pitot. The velocity of flmv into the sampler is d·etermined \<.dth 
a Ven�u.ri meter, and regulated by 8. "!Tai·iable speed centrifugal 
pUDll,)., When t.ha t\,JO �elccities are identical a sample is takeno 

The sample is put in an :inverted cone and the cediment 
permitted to settle to the apex of the caneo The ccncentration 
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Pro, o�ac -�essntatirnl of n �t� ·� ,.. . _ . ..,. ___ ��-·_.... -�: �__,...,,;;a •. _ �-�.,:_,..,:-.,;; 

bD C C!��IJ'i..::.:,e d 
o t c "i1lJ lfi s :trl 

A.-io�..�!1e2""' l)lot l.l1icl1 wiJ_l be st12.:J.iea 1.s a r-e-=�;r:ca·1gone11t: of 
0�r_. �O::�ego.:.r1[:; t·�·�!Gr'i3i�l C Ol1(! € Z!t ;:B . ...... :1..0:1 .C tf:.tll bG t� .. _e d6IJGi1�t?.!1t:, 
... ,"'1�,,· . .., )� _....,._ '"'! O"'i_.�· .. .  :::.,·'� .n � '"\ -! -::1 '"' t 1 .. 1 ,.;, -\rn " lf� c: � .. __,_�--r . ... ·, ��. o 1,'.'• 1. ·�- r_ �·-�.-.: f:: '. • t;� . _ .. ... . •. : . v J.,..!... .._;v._,.,... �"·6�"'·'!-4-....,) " .A. to\:• _.,:al.J ....!.lo.:.J .;._,_;.. .. ;4�..1_.,.. � - _ v J 1 vl·� -

r,eibt2� c cceffici�nt f Ls tt3 third vari�bl0. These plots� 
-.2-rl o-··.::._:J!4�� of .. <! .. �i::t�' .. } .. !J.�,. !1cr� :.:.zl0, r.tl 3 c:-;�)v ::t,�:;ci to d:tsclos�! or�/· :;�r�r!..1ill 
Ol/-3!.'E\' ... lng C�:)110.:Lt�:J_C:lS VJ2't:::1 ��83� e(!C t.o b'Ot:-l·i COI1C'vllt!:"�ti·C:!.o:1 nne� 
• n :; rA,. i - (lp C"'r�·�"""i ,_..-,.. � .... ., ..,., .�C!'lQ '"'"' . .._ � '.cr - .v·-� �J .!.. wo,..-....:,.'..,L!· .... . \!!..r ..::. c:�l. '- i:J l"" 'J.. ' .... · o 

·-·------. .. --r• ,...• • -•·---<..-_...._. _.,.,.. _ ._ . -... ---··-----�· 

� Variation of tne resistqnce coefficient f 
v..rith Re.•:!olds rtU!'ii 31:.. R� for- different: 

sedin:ent concentrat:i.o:ns .. 



r��l'Jst:. of t11G J.:�Lt��rh·�"c.tl:�o 0�1 the tj:-\3.::· . .:-.���:�::."lt.z.t,iol1 o��· scd.l.n1�:1t i:n 
:t pe 1:�:. �lee t�;:::s �oc::.:. - r.s-:15 .. "'1'7fJ'1. . ?�1�� "'c, �.;;o p::_ .. :·_:1 c -� r)le fields .. ·t1..1-�..:i�d 

�. ·.,..-;.�• f '"'j 1 ";j •t A V"r1�..�-��,P,-;."1; ('(.:""' �-;J ...J (��---":, ... :,; :-.�< l.'. "flr'"Pl v[ � l'"\ -,..o-: -�·,-'"} :;t 
- L ..,.. _ . t.. ...... - U t;.......,.t,; ___ _,..__..,: .. •.,.;..) C.'l .t .tl ...,_ vz- •. -t..: ..... �.L '-" ""' - 6 - · I r,.:,,_o.!.. ..:.. ..... �ll) 

Fut 1:r·�- \'lOY'K 
---- -'"P�-� 

w. en the calihratio� 
for plotting f VSo RG 
1 ? -i �. C� 1.-JF T � n n;;;· ·i -n 0 -:n,-� r;;, ;n •• �.., _ ... A ,  __ c. ..-:� \..;�;\.' ..... !...:.. / ... \J!. v -

US6d i��ediatelyo 

of inst�uments lS com��stGu� the dota 
v;:t;Gll C :: 0 t·r.; 11 b� ob1· n·11--�.or� ·ro··«i t-f� • � ••---.. \.0' V-...4-- .. ......,'-!0. - _ .. ._, 

to �ro�ide infc�m�tion �hich may be 

The next st.::'!' is to obta:5.n da\./a fo�c �.rho type of pJ.ot. s�.1m,m, 
fo:r• � n u t•..,--,__ c- ,:;, rli�"'.,., 1· c ,-;'-'n ,,., � "' �"'11 iFT CO'R ,_ � ...., �1 -t • -, , e -n"- 1 -,o - - - .... :;-i../ .!�.i-';;...,:. • ...:�� ... i • V.i:Q ¥ oj ; r"J ..... V ; J. . -.. 1:-.!-J! - ! 4. --. .12.1- .! .. J lJ .• d. O:,.:.t. v.!. ! � ' .:..lV-.l v 

proci3clure �1i.ll be ... -e1Je€tted for" so.ootl1 l)ips t a11d som3 int�rr:1ed:i.ute 
�r�lu.�� or· r /k Ac�"'n..-.d·l --;cr �-o the lit"':ra-1·u.,-,, ·thA ef'fec�· of' � - •J - 0 -- . � - · -· ' - <:> .... • - '(,; �· ·' I;J' - - v � 

slope ts a.ppaTantJ.y a sccon..lary r�ctor.. Therefore,. initial 
studies will be made with the pipe at a single slo�e� 

The datu mentioned abcv-2 ar� ,.cr.y important but more time 
must be spei1t rev:l.ew:i.ng the literat12.r-8 .2nd plotting all available 
d��a for various pipe sizes and sediments. 
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. { n) Elevation (b) Cross section 
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{b) Sl:.lmpler & P�.tot 

·Fig. 


