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2. SEDIMENT STUDY

The Chama R1ver: ﬁas1n 13 c\ass!fied as qgtive“’ in terms ofr

| sedimentat1on, 1 e., sediment preduct1on, transportation and depositton:':a

s cont1nuous thiOUQhOUt the year,. un11ke 1n “non~act1ve" bas1ns wh1chﬂ¥

have only a big sediment dischatge When en extraord1nary ftood occursgfiz

Therefore. sediment discharge has. ‘to be. calcu}ated on. the yearly hastsffr

: f; for the formu1ation ‘of . the sedimeht control plan. ,sstz-Ft L

Sediment discharges were estimetcd for the formulation ef the“‘“

. sediment control-plan. The study was carried out, £irstly, to estimate

':_the scdiment proquction yolume ahd sediment discharQe 1n.a rivep- channet.if

""by app1y1ng the fost” suitable formu]a, and secondly,-to prepare thef;“

-fsediment balance model of - thc basin for the eomputation of designl-:
_sediment discharge at the reference p01nt name]y E1 Vigia. ;3 .

“os breducians
'Breﬂagtuaiﬁyes

In view of ‘the results of field 1nvest1gat10n on topography,”'

geology, soil and meteOrology, sediment product1on in the ‘Chama River -

Basin 1is bel1eved to be- brought from three causes, namely, (1) slopej'f

_ _erosion in denuded areas, {2) :slope failure at mountain slopes, andfr.
._(3) torrent eros1on n steep streams. T ' T

Denuded s!oges are mainly observed 1n the semi arid area in. ther'
m1dd!e reaches or the Chama Rtvei and Lhe Nuest:a Senora River Basin':-
where rainfal) is only around 600 mm per annum. pue ‘to the scarce
rainfall slopc erosions appear as gujly erosions rather Lhan sheetﬁ-
erosions. ' ' : SR ' R

Slope fa1lures are ma1nly observed An hilty areas formed withf{
weathcred rocks of. the Tertiary, Mesozoie and Paleo7oic layers. _f
Failures are estimated at approx!mately 2, 000 m? in area and 20,000 3

in votume, except the Jandsiide in_the upstream of the - Desbarranegdero_

River, a tetbutary of La Hucuy River, which 1s cstimated at 2,240 m2 1n';f
alea,rls m in depth and 3, 360, 000 m3 In vo]ume. _g{j;




. Torrent erosion 13 predominantly observed a1ong the Nuestre Sefiora
::_R1ver, the San Pabto River,..o Vi?caina Riverz and thetr tributertee,
Streams of more - than_ second- order have been the sources of . eroged

~sediment which is deposited in the strean bed. Malor streams of more

.;o,than fourth -order. have. bank side eros1ons._ R1vers and, streams 4n other.f~
r_:basins are’. rather free from torrent erosion owing to the encroaching
. vegetation cover and armor coat formed on the riverhed. o :

_?VProduction Volume

In acco:dance with the ebove classificetion of sed1ment pioduction,

-._f_production volume Was calculated by, emp]oying the most suitab]e equat1onjd

'f[]'in cons1deratien of the fol}owing conditions.

"d B Volume of pr°d”°t‘°”s diSCharge and transportat1on of sedient
; shall be estimated for daily re1nfa]1 and f]ew d1scharge in, tenes,
| Of cubic meter per annum (m3lyear) : : .

o ﬁd - Vo}ume at . each reference eo1nt and at each sub basin sheli both
. ba ca]culated topographicel and geo]ogical cond1tions of eaeh .
o sub bas1n shail be reflected 1n calcu1ations.-' ' -

: L In view of ‘the above considerations, the follow1ng formulas were“
' adopted for the calculat1on of sediment production vo]umo '

(1) Slope Erosion :
The fol1ow1ng fonnu}a developed by S Kohmura fo: iarge rlver.

basins hes been adopted

| EV :x imﬁ__af_gﬁg qiﬁ/ag |__3,I8 ‘303!2 .

o where, the inflow discharge on a slope q 13 expressed as fo1lows.,"”'
o 277ex1o/ef-i

,i‘deeiggtf:i eroded sediment volume (m3/s/m2)
Gy aleal ratio of denuded lend




_ Farfhérmore,
follow1ng equat1on. T

'; Ce “ o.1vcm'_
Ce'w de (1 #) 3, synd)‘- Cr/Dr < 0 0423
] whera

.. cultivated area Chs 1,5
' _ﬂ,compacted soil Cm = 1, 0
‘f_7 cut slope 5011 ; Cm @ 0 5 g
S Clay(%) /) LSand(%) ¥, Silt(%}]
‘Suspension(%)1E311t(z) e Clay{%)]
-ﬁiﬂnBrIB : dens!ty of gu]ly i a~ __~-vﬂ'

e

.. o

where, -

[ S -‘

e e ee

.
- Br :
S

*wgrunoff cocfficien'
" rafafall intensity. (nm/h“
: f$l0pe 1ength (m) |
© mean size of sed{
"“s1ope gradieht

'?ﬁ* 3'6’Rdl ; CrlDr 30, 0425

e:odab!lity coefficient _[;,g

:nt particle_j;itiusg e

the erodab111ty coefficiént Ce 15"“0XDFLSSGd :“ $fj \4,f;;

r P

compaction efficienry cf so{l:':‘

slope width { B
width of gul]y T Lo e .:fa'égan;éyj

i number of gullies in the slope w1dth of B ,', '

: ' 5TfThe parameters "a'd variables which were used i ihcﬁ_f
g  computat1on for each sub- hasin are: g1ven 1n Table Vi- 13. h

(2) Slope Fa11ure

- The fol1ow1ng formula was developed by Uch1091 through the
_ 'continuous observation of slope fa11ures in Japan. The volume of o
. s?ope failure CV s expressed as f0110ws | | o

C‘V. &

D+ K- A (yf - Fn)? R



TGy vo]ume of slope fa1lu;e (m3)

1 average fa1lure depth (m)

o coefficient S

- rp o+ failure non- effective ra1nfail (ﬁnﬁ
A i basin area (n?y
5'¢;_«Ep-f:§'cumulat1ve rainfall (mm)

o

L '-'Dens1ty,, Yength,. width: and.depth of the_exfsting slope
':j failures  were extracted from . the_aerophoto. taken. in_1989. and
:Presented in Table vr 14. T e R I

The slope failure depth D was determ1ncd at 2 m at minimum as

: .well as 10m for La Hucuy R1ver Basin and b m for the devastatedfi.ﬁ -
'l'_E tr1butary basins on the basis “of the -data - obtathed -~ from the -
: -sampling survey and aerophotos. The coeffic1ent K vas der1ved from: -

.: the study resu]ts conducted in Japan which was set at 4 0 x 10 6,

. ;‘.

: (3) Torrent Erosion __j 

_ Torrent erg§1on 15 caused by tractive force of watel fidw.-
Brown's formula as given below has . been- appl1ed for ca]culation of_

'  "the volume of bed load 1n torrants. S

- Qb'/ U*d_= IOCU*Z_/'(g/b)gdjz SR
B where,

; * ‘qb‘f‘:-- ,bed load (cm3lslcm) :
'*'_”"cr1tical tractive force
"'fmean diameter of bed Joad particle (cm) ;_
ot unit weight of sediment (g/cm3) o
: TQ;P7_{f f'un1t we1ght gf flowing water (g/cm3)

9 3} ;h”grav1ty accelerat1on (cm/sz)

L
TR




"-‘i '. ;,: '_‘. i

Converting tho formuia for a tor:ont with a width of B, torrent
erosion voiume is expressed as beiow ' Vi

. .‘!.

B

S A

- where,

' ﬁ&tortont width (m)
- gradent of torrent bed Ll

' Manning $ roughness coefficient
fiow dischargo (m3!s) n :

=
S .

‘?:Jf:; -

_ In ihis formuia, the torront width (B) was computed by using the55ﬁ~ 5
: Regimo Thoony as: oxpiossod beiow._rs” st ‘ s SRR

_yhorc,';l fw‘
- ;B_ﬁ‘::f- torrent width ()

f10w discharge (m3ls)
a :_;”. constant { = ? 0)

 Table VI- Vi-15,

The - othel poramoters “used for the caiouiaﬁioh are - gfven _io;;]_f

using the data in the said Labios as paramotors of thooi-f:t

4%ﬂguations, annuai sedimont production were estimaiod for 21 yoars from

1967 _to_ 1987 as_shown An Tabie VI 16 The average annua! sedimentf{ o
production volume was estimoted at 25 560 000 m3 consisting of_o-'_
5,240,000 m3_coarse material Toad and 20,320,000 w3 fing material’ ioad.li‘ﬁ 2
The coarse sediment producod by slope orosion, siope failuro and torrentg-

' were : estimated -'at_ 2 775 000 m3 55’000 md and 2 410 000 m3
respectivoiy.;; ' S R ,




ﬁ_'?;ad.TranSport?and'Baianoe'.}'si:”"

Sediment dischatge is defined as the quantity of sediment per unit ,

-;;.time carried across any_cross section of-a stream, the:efore, it is,;

;o hostly ‘consideret  to b similar to. water discharge in  movement. ;fiii

G Hovever, " the Sediment 13 ?ny different fiom weter from the foliowingﬂf"
. "aspects. s,;_f~ : i R | RN

e Sediment cannot flow by 1tse1f without any external force such asf-”
liquid or gas. ':._;..U_- R - x
“. Such an externai force must be - of a certain strength to unove-_

- sediment which is: caiied the criticai force that vary according o
to the size of sediment.;:u" R RN o R

Due to the above characteristics, sediment show a discontinuous:
motion' fiowing down or staying in a stream or a siope

In the Chama River Basin, the sediment oroduced in the upstreamff o

farea is cerried down fineliy to the Maracaibo Lake. This is. the’;

i'principal movement of ali sediment in the basin.. However, as discussed;*m

o Subsection 2. 3, the sediment from sub basins is somotimes deposited

fn  the middle ieaches of the Chema River and Lransported to the*?:v‘

zifdownstream area with fioods. 3 SR

I the aiiuviai fan or: Lhe floodplain, the sediment may spread out

Hand he deposited withta big Flood, and- the. deposited sediment will not'

':freach the Jake: for a long~time. Therefore, it 15’ necessary to conduct a ffg:
_istudy on sediment tranSport and baiance along the Chama mainstream and i

f;"majol tributaries to understand Lhe sediment movement 1n the basin.. -

n modei sediment tranSporL and balance was constructed to estimate-

o sediment transport at the major points and batance, aiiong the said_:,,g
points._ In the modei, all the sediment discharge, transport and balance

j were measured in a unit of m3/year..‘Thc generai ppochure used_in ?he::
StUdy s shown in Figiwlisélw - - S T



-Sediment Transport Model

The base points for the galculat10n

the selection of base points,fgth fo]lowing locations wer‘ e
.-Icons1dered. " As. dOne for the - f!00d runoff anaiysis, éiawgi_teg we:egz; 
-'se]ectad as p;esented 1n Tablo VI 17, 73._u;n;:; w;_uya;,.u. ] =

e Confluence point of major tributar1es to the Chama R1ver' o
- Downstieanl point of |na1nst|eam sect1on between the confluence};,,
Doints of tributaries'-and .H[_':~f‘~r*--' aﬁ'*_ IR ﬁ;__

- Promis1ng s1te of sediment control fac111t1es 1n Lhe Chama R1Ver.ff;f

o The Chama River Basin was d1v1ded 1nto 21 sub basins and 12 channel;ff;
' sections, as shown., 1n Fig. Y1-18: Tha,; area of aubabasins are’ given’ 1n§'f
© Iable YI-18, and the lethhs and_ wjdths of._the divtded: channelmmgctiﬁgsfgf'
“are showd ‘10 Table VI- 19% Fron this basindivision, the model. d1aqramffff

" of sediment’ transport and balance  in the Chama R!vcr Basin wasfﬁ}f
ap consttucted as presented in Figﬁ,VI 19.., '”yﬁ{ i SRSt oF

1Sed1ment ﬂischarge

e Sediment rating curves. showing the relat1onsh1p botween riveri;ff
, discharge and volume of r1verbed matcrials to: be:: transported in - ‘the -
Criver channe1 were .. cOnstructed at the base. points o the basis of Lhe}ﬂ%j
- grain size distribution given by the riverbed. matelials survey. . AS: ai;;

‘ L-sediment transport formula to estimate the bed }oad under the present*};y

“river condition, “the  Ashida, Takahashi. and. Wizuyama's: Formula: vas.
cemployed. This foimula is widely applied for the estimation of bed. load
in mountain rivers with steep riverbed slope. and wide distribution of

r1verbed materials “and 1t 1s oxplessed by the fol1ow1ng equation' i {55f“

D SIS




V@RI

. 12"225* 'fa" vz/s V“ane . (1 : yz 99,,,{) . (1 , U_ﬁ_:)

"'ﬁ;gjgb‘;<; *sed1menL d1scharge per river w1dth (cm3ls/cm),
f;;ﬁqﬁt[;§;Hfr1ct1on veloc!ty (cm/s) A
o Uex s eritical friction ve]ocity (cm/s)
Coy% 1 nod- dimensional tractive force
e j":;[riverbed gradient el
IVﬁVr;dmf““:;fmean diameter of bed mater1a1s (cm)
g §'ispec1f1c weight of bed mater1als (v 2 85 g/cm3)
Cop o+ water densityof water (= 1.0 g/¢m3) e
B g-' N 'acceleration of gravity (= 980 cm/sz)

[ mmi@yf - jogglr_7(a/b ~-1) o tan 8 } ]112_A

Sy e tan o
:':spfuﬁf: ffriction;coefficient df.seq1ment'(a 0.425);

The transport volumes of riverbed mater1als at base po1nts were'
‘calcu1ated by the above formula under the present river condition.‘f'j
: Manning 'S, roughness coeff1cicnt and the :1verbed gradient are given in .-
.'Tab1e V- 20. BRI R R L ST R 9 Dol .

g In this calcu]ation. the qrain size distr?bution of riverhed_'

2 materiais are d1v1ded into eight :anges as. given in. Table Yi-21 ?1.-
_iSediment d1scharge ls estimated for each range af grain. s17e and Lhe _
totalr transport volume of. riverbed materials at base po1nts s estimated' o
_by sumﬂ1ng up the respect1ve volumes of grain sizes. : v '

The obtafned rating curves at several base points are: presenLed invif
'Eﬂg VI YI-20. In addition. the determined canstants of. rat!ng curves. by'
base point are shown 1n Table VI 22.

RS

?’? ‘ASH:P@ CBAS b
AT g T




- Critical D1scha:ge

As describcd in Subsection ? 2 2, an armon coat has

Ratess

over . the riverbed of the Chama River' and . major tr!butaries. sThe{f;!*_ 
riverbed mateiials covered by the armor cgat re not transported unlessi T'L

the armor coat 1s, rem0ved and washed out by a big f!ood. E- e

been"formedf? e

| 1 gene:al, a force of flowing water known as’ the tractive force 1séa:f :”
. deve]oped and acts on Lhe riverbed in the f]ow d1rection., This tractivq :f‘

1 _frict1on forco of the armor COat materials.\,_ ' Bl

_ tract1ve force 1s knoWn as the cr1t1ca1 tractivé force.

" The discharge that will. cause the aFMOi:CO&t materials'to moyve 15:“Tf°f

 Ca11ed the' cr1tical d1bChﬂFQe.G%%h0 crﬁt1cal dischargeg were estimatcd[f_:;;
at the rcspective base po1nts by the f01¥ow1ng procedure; R

'  :(1[“ Estimation of Critica1 Tractivc Force

‘_Critical tracttve fQQCQ.éi expressed by the fbllo&ihééu;"
- equation: | B ' ' s

e (o/p : 1) BOOCR

where,
':-:Y*é' :f?critical tractive force (non dimensiona])
S Uex f:,‘cr1t1cal friction velocity (cmls) RN
e ,i:ﬁ$pecific weight of bed matérials. (= 2-55 g/cm3) ?E:.f lf
6+ water density of water (s 1.0 g/em3) % SEa
'_gfv-_:.faccelerat1on of. gravity {= 930 Cmfs?)
'“dmffﬂ33‘mean dtameter of mater1a15 in the armor coat (cm)

. For the estimat1on' of * critical friction velocity, the
Iwagaki's  Formula - was‘iemployed.- This empirical  formuia-iisi
.expressed as-foilowsg T IR T CTRPE P TIPS U INES SRRPEOP IS LT E

(f— 0.303em <d . U*c? a 80 3 d 31)2?"'
- 0.i8.em Cd <0, W03em U*c? = 134.6°d




i fo 0565 o

‘ 18"6& '  1;'_§: Yrc2 = 55.0 d

| < d<0.1 o
L .0065 oh < d < 0.0865 cm . 3 yke? = 8,41 d}1/32-
d < 0.0065 . U*cz . 2?6 d

- ffwhere U*c 1s the cr1t1cal friction veloc1ty (cm/s)

The rolation between the critical tract1ve force“_gﬂgnqtng

 “' 1'Dart1c1e size of materials 13 shown 1n F1 Vl 21-

o .(2) Ca1cu1at10n of CriticaI Hater Depth

The cr1tical water depth of the river channel 1s estimated 1n;.“' |

| ;fitefms of- fr1ction velocity, riverbed slope and acce]eration of
",gravity as given be}ow. e - : S

Uex A YTERCYT
where,

- Uex if'cr1t1cal frict1on velocity (cm!s)

_ :;ig'--:;'facce1erat10n of gravity ( 980 cm/s?)
- ;;*hcgéf;:jwater depth {em)

";IAfi“;' riverbed slope

: H1th the abovc equation.. the water depth fgr~5theﬁncritica1 L

‘d1scharge is. est1mated as shown bciow- ”;?T

: _.UC;H. l :‘-:

he = e

*(3) Calculation of. Hydraul}c Vaiues ':Fu TS

o The Chama Rive: has steep :1verbed gradients of more than
_"2~1/100 at a]l the base points..  The. hydraulic calculat1on wasl_'
I' theiefore made by applying the uniform flow cond1tion. o SERE

The foT}owing Manning 5 uniform flow fonmu!a 15 appl1ed

VR S Ve RS ._"
-V¢:"; 3 532' ;‘f;.!?



ihere; e
IR R T ‘;vuw'];,.__
Y _;,_mean ve1oc1ty (mls)
B R roughness coeff!cient
"R
I

: _ 3f“hydrau1lc radius (m)
a}r1verbed sIODe

. -”The emp1rical Regime Theory representing the relation betweenﬂf“,_';_
:-the river discharge and flow. width s applied at the base points{fﬁakif;
. wherc no river Cross sect1on data is, ava1lable.. The said reiationiﬁ }Q f}
.15 expressvd as fo110ws*’}”?ﬁf.*?tﬁf” B R G

Bgqulﬁ
';whpre;_'i , 5

B f!ow width (m)
Q- ;; rivet discharge (m3ls)

o :(4):-Est{mati6n of-cfiiiéiifoiséhékgéfﬂ?;f?',f-ﬁ

T T IUTN SRR S

By using’ the two equations 1ntroduced “in" (2y above, the o
'“'critical d1scharqe ts ca]culated as foi]ows.‘.'fffﬁgil o

Qc b A ‘ v 33‘" '_‘} €'3’:'3‘3f3".5“*3fffn?fﬁi o
. .. a ._.{..1;...... B . hC5f3 » 11/2
: {where A 5 flow alea A = B o hc

_ In combination wtth flow depth {hc) 1ntroduced by the Regime}"___v
Theory mentioned abqve, ‘the' critical dischatge is fina}lyf'_:"'”
~calculated as plesenﬁeﬂﬂhelow:ﬁ“*: P A : L

Loy |




Qe c:itical discharge (m3/s)
o froughness coefficient
~ 1 i riverbed slope _*_' |
'eec. ffi_water depth {m

| 'ICensequently the estimated cc1t1cej discharges at the base S

' peints are summarized 1n Table VI 23.

'f'Sed1mcnt Balance ;:;w.n,

S Sediment balance ralculatien was carried eut eﬂ, 33. base po1nts e

' 'fcomposed of 2L__sub-basins -and 12 channel _sections to examine the
,;movement of sed1ment under the ex1st1ng r1ver cond1tion. with the daiu£;; _

_;n_dischatges, sediment velumes of dnflow; outflow and balance cAn both ‘sub~
* basins and channel sections were calcu?ated.w The procedure for- sedimentnd o

balance calculation fer each river channe] 13 exp1a1ned hereinaftcr

' '.:;(1) Sed1ment xnﬂow BT TR e

L

_ Ter sub basins,isediment 1nflow 1s estimated based on the. QED"FKB
. sedlment production y1eld from the - catchment as computed in EIX}~ o
- Subsectfon 2.2, On-the other hand, sediment inflows for channel'_ |
- sections, .e.g., .the Chama River and the. Hecoties River, were
— f‘calcu1ated by the swnnat1en ef the fellewing' S :
.°“3n73ediment outflow from Lhe upper r1ver channel S
_' - Sediment outflow frem the tributary channe](s), 1f any.' R
Q~,:(2) Sediment Outlew
. Sediment eutflews frem sub bas1ns and channelejeciiene_nne j"',“
o dem1nated by the sediment transport capacities characte:17ed by- the .
"g*hydraulic cond1t1ons of the respective river channels such as. river o
SRS cress section, r1verbed grad!ent and roughness ceeffic1ent d'
'f:gra1n si?e dist:!bution of :iverbed mater1als._
: Sed1ment outflow was est1mated by us1ng Lhe sediment rat1ng
: "curve and flood d1scharge d1str1bution to be prepared at each base
3 :point.._» | : -

<';.:s Agmnn Bh' 3




"-_Resuits of CaICUlation

’ (3) Sed1ment Balance ;;ﬁim;f:m;;:&iJEEA;TQ;:;&iikﬂﬁzmikf;.?Hﬁmiﬁf?%ﬁig;m,;

Scdiment balance 13 exp{essed as feilows»s R R

PR —,.'1: |

. Sb W Si - 30

*EWhechjf Sb'ri; sediment balanco volume (m3)
LSt sediment 1nf]ow volume. (m3)
RIS sediment autflow volume (m3)

L If the sed1ment balance volume (Sb) is positive, the sediment P
is d09051ted ina sub basin or: an river channe], and 1f negative,rmj;;‘
_;'erosion occurs.fa,..- o B g BB A e

' (4) Condition of Balance Ca1culation

o ror the sediment ba1ance calculat1‘ ,wtwo riv bed_ onditions,

 -1 6.5 the. fixed bed and the mqvab[ﬁ bed, are app11&d.f"f:fthe casé?”  e

B of ‘the fixed bod channe? ? e:osion does ‘ot occur.'.‘= Thc iiver,f?f7*1”’_._
: _channels of Ho. 1, 2.8, ¢ and 10 and. a1l sup“basins are assumed koo,

©.be the fixed bed channel.  The gther river channels, e.g., No. e

f5»_f5, 6, 8i%, 11 andc12 are” COﬂS1dEled o be: ‘of'movableibed . - PR
| 'condition whele bcth eroslon and depos1tion will take p]ace*.ﬁﬁaen;u;w- L

e "ii?}.

- The scdiment dlscha:ges wé?é”iEStﬁmaféd'Jﬁftﬁ'“tﬁe da11y water'”:_
d1scha|ge for the period . of 9 years from 1967 to 1975. Thp average;,'

inflow sediment discharge was. esttmated at 6 ?60 000 mjlyear. and the,m,:°l”‘ i

- average. sediment dischargc at “the reference poiht is 9, 600 000 m3/year;“ R
as presented in Tab}e yi=24. Consequant]y, the sediment ba]ance wasff_f.fw'r~
“estimated at 3,340, 000 m3lyear, and that. the said volume 1s produced?V L

from the ma1n stream by’ bed and baﬂk eros1ons., Comparcd with the waterf:fff ’:5

'dlscharge to water d!scharge was ca1culated at approx. Bsb%




f? 4 Design Sediment Discharge :i;.;;'q-

Sediment preduction and transport vary according o the amount “of

:'1:rainfaii and geographical eonditions. As desc:ibed in. Subsection 2.3,

_':the totai sediment discharge. at. ri VL;ja_ was estimated. fremﬁaoproxs Lsm_
b 20y LOG md, - Fine materials are: transported Up to the. Maracaibo

__jfLake, whiio cearse materiais are deposited An-the: aiiuvial fan: The f*L"
Lo fino materiais inciudo aii suspended ioad and a smaii parL of wash ioad

For the formulation of the basin wido sediment eontroi plan, the

[ffatdesign sediment disoharq; was estimaied at_the reference goint of Li
¥ igia. Sediment discha:ges are. defined as foiiows‘ :

e

Project Sediment Discharge is the dischaige carriod Lo Lhen-
- reference point by water fiow of annuai mean regime.r~_'gfﬁ.--m <

disCharge which may be transported through the existing . or::

~proposed river channel downstrean of tho ceference point withoue[fﬁl*
: r‘g giving any damage and adve:se effect on the channei and its area.aaoyh

Design Sediment Discharge the remainder of the projectl_
sediment dischargo after the aiiowabio sediment discharge. '

" In the sediment discharge, only coarse ‘material ioad which may be”f'

_'deposited An the river channei shaii be counted in the estimation.uu‘_-;g

s.jprojeet Sediment D15Chargg P

The project sediment discharge was determined at 9 600 000 m3lyear;:j

'-_which 15 the average sediment discharge for 9 years from 1967 to 1975‘

o obtafn the sediment discharges of infiow, outflow and balance at all
... base POiﬂtSs an “analysis’ on- the transport and balance modei was carried |
J . out under the foiiowing conditions‘. T : : .

Aliowabie Sediment Discharge (Sediment Transport Capacity) 15 the;i L

= Sediment infiow discharge 15 estimated “at. 5 850,000 m3/year,_
. .produced fiom siope erosion of 3 100, 000 m3/year, torrent’ erosien_
Coof 2, 690,000 m3/year and siope faiiure of 60,000 m3/yeai which
_f‘are piojected to inorease ‘by 11.7% in 2020 using the  US Soti '
= Consorvation 5 formuia expressing an annual guiiy head advance ’

. '_.1‘:] Iy




: f« The daiiy discharge hydrograph of 19!1 is adepted;as[a'modei
hydtograph to. cempute sediment transport and balance in the»ﬁ i
basin, STy e e

_ The resuit of anaivsis is schematicaiiv presented in Fig$ VI»?E,;
| Major sediment sources concentrate in the middie reaches of semi~arii}
area, especiaiiy Nuestra Seffora, La Vizcaina and San Pabio ”gver basihssﬁ:_iﬁj g
Aside from ~the Sediment productien in. the mountain siopes, another:j?f;.:i*)-
3sediment production “of 3,750,000 “3/year aiso contributes 5 Ehe
i sediment discharge at £ Vigid. i:ﬂﬂ--. | :

;-Aiiowabie Sediment Discharqe

On the premise that the river channel downsﬁream ef ti Vigia wiii

Q: be improved 50 as..t0 - cairy the design fiood of a lOQ«year rctUanchdeLs

. the allowable. sediment discharge was evaiuated for: the preposed river-ﬁ”__
-improvement.; “The aiiowabie sediment discharge is considered to be :;

- conveyed o~ the: Maracaibo Lake witheut aggrading nor degrading iiv:fj g
rriverbed. f:ff' SRR UM ‘ : R

| r‘Asijmentdehéd An the SuppOrting Repert o Fiood Controi, tﬁef7ij,_
'?_.propesed' river imprevement of the master pian has the fq}iowinb REEE

T Improvemehthieﬁgth"” "- ‘élf: 53, 4 ki

Standard Cross-Section- P singie with a width of 600 m
- Dike ':d; R _‘f: earth with a siope of 1 ? 0

rhe sediment discharge which wiii pass the improved river channer'”_ﬁ1h
{s- evaiuated on Lhe presumption that the sediment of reckfai] mateiia!suj;_'g
;shali mainiy be transpelted through the river.y Thereforo, the g:aimiﬁfed_;*_
_size distributien of rockfaii materiais was appiied te-caicuiate the;f'fvﬁ;f
_transport discha:ge. : 5 e

The same feimuia ef Ashida Takahashi and Hizuyama was empioyed for_ff_d-

the caicuiation. - A representative cross sectien where the. sediment?” ST
;transport capacity is censidered te bcmﬁUnimumcwas seiectcd“atﬂtheuend.ﬂﬁk-;'_'r:
- of aiiuviai fan. S : e g




The sediment dischargo computed USing the _model’ hydroqraph of 1911

was 2 120 000 . m3/year at the representative section.= hence, this

_'discharge was determined to be the a]lowable sed1ment discharge.

 }[ﬂfDes1gn Sedimont D1scharge "

. The design sedimant dischargo wh1ch s a part of the projcct,'
7 'sed1ment discharge exceed1ng the a1lowab]c sed1ment discharge was'
fconsequent!y estimated at. 7 480 000 m3/year._ This - sediment discharge
! fgshall be . controlled to avofd aggtadation of riverbed _downergam of
LB VIgia¢ ST : B

’ "'-“;"1 7 .
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 Tablo VI-GRESULTS OF SIEVE ABALYSIS FOR RIVERDED:MATERIALS
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- Hotet
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accumlation curve, : : :
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. Table VI-I5  PAVAHETERS FOR CONPUTATION OF YORRENT. EROSION .1 <F
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199o JflJilBl1

CCCCCC 44k PROGRAY FOR COMPUTATON OF SFDIMFNT PRODUCTION
CCCOCC . wxx  TINAL HODIPICATION ON 4 OCTOBER 1991
INTRGER®2 STA, NN. DY, DD, <245 PR
INTECER#4 - ASTA(%db HONC12), YEAR(2L)
INTEGER RR(2L,15, 31, RKNT(21, 12, 31) Rqax(21 12 31) 3
CIARACTER NASTACDAD%0, OASTA(24)%9
RBAL SRC2L, 12 31) W21, 12), Q%D(Zl 1%, 31). QSH(?I 12>, QH%(Z!)

16&22:;(QSDAYQFOR) S

DATA . NASTA - ‘ _
N s AT, *Ra4 DAT, RBOZT. DA, 020, DT
k" URAO35DAT, ! R30I DAT'| ' R304O.DAT: . R0z DAL
% R3047. DAT . ' R3052. DAT', " R3070.DAT . ' R30S0 DAT: .
% 'R3108.DAT. 'RALILDAT . 'RBILOIDAT L R3ISLDAT
ko UR3ALDATT (RSIGY. DAT'. ' R3LT0 AT, ' RBOAS. DAT',
© % R3OS3 DAT', 'R8Q54. BAT', ' R8O5G. DAT', * R8OT2 DAT /-
DATA OASTA .. ' Tt
%0/ R3005.OUT. ‘R34 OUT. °R302T. UL, "R30%9. OUT',
X ' R3035. 0UT-+ ' R3038. OUT' ; ' R3040. OUT", * R3042. 0UT",
" *R3047, OUT' - R3052. OUT' " R3070. OUT' . . -:3080. OUT'
% *R3108 OUT ; " R3ILL QUT',. 7 R31L2: OUT' | " R3132. OUL,
% 'R3141. 00T} ' R316Y. OUT' * R3170. UL, " RRO4E. QT -
Hote i TB0O8 OV, TR0 00T " RBOSE. OUT' | " R872 0T/,
ARVE TR IR TRRTARTH 8. 21, 26 18, 17, 21,
b T 20, 1810 1% 1910007 1 1115/
AT MOk e h o
31, %0, 31,80, 31, 3L, 30, 31, 30, 8L /

% /81,98,
: OPFN(G PILR=" PR ) -

_Cl BT 1N111ALI?ATIOY OF BﬁSlN RA!NFAIL **t

n @,?- 1%xl\ |
( Rcﬁm‘ /L"‘ Q;wo )

_ s, K,
10 CO\TINUP
: : DO 99 1=
CCCECC - #okd BATA
B N B ET ] |
B0 oK=L 12
po-1 121, 31
CRRCE K L)F 9999
oL COﬂTINUP
CCeeee xxk DATA

1N|T15L:25110N,'*#¥ T

NPT ¥t
OPENCL. PILE=NASTAC ), ACCESS=" SPQUFNPIAL' STATUS=" o 3y

OPENC2, FILE= OASTA(I) ACCESS=" SlQUFYT!Al STATUS unxnoww ) SRR
OREADCH, 100 ASTACHY o
RIFRERTION ' -
READCI, llﬂ) YEARCDH) S
[£ (HOD(YEARC)D, 4). £Q. 2 THI\
MON(2)=29:
BLSE- -
MON(2)=28
END IE
DO 2 K=, 12
MMM=MONCK) -
no 21 13z |.3
1-2) 500,

1, 507 -
- 500 RFA%(I?IZO) (RR(YL%R(}} 1966, K, L),l l lﬂ)
501 RF&%(]ZIZO) (RR(YEAR(J) IQGG K L), L=11, ?0)

i :
502 READC1, [21) (RR(YL#R(}) IQGG K, I).I 21 MMH)

- 21 CONTINUR
2 CONTINUE o
CCCCCCDO E#T L gUTPUT or HOD!IIID DA!LY RAiNrAll 233
- YRITE(6, 8000) NASTA(I) J11966°
- WRITECG, 1001) CHNT, NNT= i 12)

WR!TF(G lﬂﬂ”) :

D05 |
wanr(b 1199) L, (KKNF(J K 1), RR(J x L). K=l 12)

N Y Lo TR ar T ord




C
CCeec

s . 1995
5 caniNUF ' o L
Yk CALCULATION OF. BASIY RAINPALL sk
sms BY MTRVETIC WBAN - =22

P03 )=
IF (HOD(J*IQBS 4). PQ 0) THFN
ON(2)=2

ELSE
MON(?) 28

: DU 3 ke l 12
MT=HONCKD
DO 3. L=1; HT

1P QRRG). K, 1), G, 5000 OR RR(J KDL -5000) 60 70 37 i

KENTCT, K LY KRNTC,
NCMUKL)WRMMJKM)MMUKL)MUhI)
SRO, K 19<5RCT, K LYHRRCL K, 1D/10°

3 CONTINUE o

99 CONTINOE
c

i

e

[er Y]

C
¢
C
¢
C.
C
C
C
C
G

-

C:
£

¢

C

C

¢

G

c
coo
g 57 CONTINUE
CCCe

- 55 CONTINUE

DO 54 =1, 21
IF CHODCJ'+1966, 4). EO. u) ann
ONHCD)=0.0

HONCZ)-29

0

X,

L0)

SRCI, K. 1L)%2,

y ’Kj}?R(J“K‘I?

6 88“(1 K) QS¥(J, K)iQSD(J.K.L)
l

QHM(}) Q%“(J)rnsu(l k). -

54 CONT!

oot B o ,'-,__ T

G-
HNT by 12)

56 CONTINUI:
 WRITRCE, 10

),
}
5 S
) l (hKNT(J h L) SR(J K L) K 1 12)
)
FRITE(G, 11 )

(MR(J K, x 1 i?) :
WRITL(G 1002) '

-goceee oo RHAY-' O kkx

NT b 12)

1 1, (RH\Y(J kL), K- 1, 1?)
58 CONTINUE
TRITECS, 10
YRITECG, 11 (MR(J x) k-1, 12)
o wn!1n(ﬁ 1002)

o 55 J
RRITE(G,

. 0T - DALY © e
(00 |
¥RITRCG: 100
1002

3

L
0) JHig66 -
L) CHNT, MNT=1,12)
“RRITECG, ) o -
DO 56 =1,

IRITECE, 1100) I, (QSD(JQK.L). K=112)

-756 CONTINUI

?RITF(G 002y,
O XRITECG1111) (QSH(J £, K l 12).
‘- HRITECS, 1?00) Q $(1y

5. CONT{NUB

o ER}TP(& 00y

ﬂiljilsla

10122 (QSDAY. FOR)



s CARLAISR  10:22 (GSDAY.FORY

coguce ks | ronuAT FOR IN AND OUT k)

B Gl 14,61 ) R
b Bllckk g o ( 1,21 2t " ***x> S

&Nz

Xi24X) St
%“' L LT ._-~_-~--I-_<'--L=-«’-.u'..._.'........_,..'...__-,_‘-_,'__‘___'_"‘1_:'”~._.~1:' R

1100 FORHM(SX,
{09 FORMAT(SX,
111 FORMAT(BY,
; 5150 FORMAT(/BX,
A
9

99 FORMAT(SX, 12
00 FORMAT(1015.
49 STOP
- OTND
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. 2.3 CAleulo do ostinacién do "Bed Load” por Térmula do ASHIDA

© <enn ASHIDABAS <--v

g



|50 REM ~-rmewmmuy i s i e e s e e g e S o PR

206 itk nh‘ﬁﬂdload‘bwASIﬁDA Formu]a R 7 Q’? "‘* WSH!%.- dAS
- 54 REM T R ,-.A U
55 REH sauc “ashida bas e L A T R ' "76

5GREM . - R
SRREH T Feb, i ;-1989 H.Ohtrchi _

60 REH ovmramsimsmnm S emsenemeninanresee T
. 100 DIH (8}, QQ(m) AG(8), ucw) UU(B) IIII(B) FF(G) S DaEkal 1y E‘Q AP
110 O EE(B), Q1(8) A$(8} QI)(]O) QII(IO) R R oo e o

12 fEN ‘ _ , R '
~ 114 REN -n.,,-.7..;._ ............ _ n;.....'......._,,_....-.,;,.,-;‘--_..__u;-;.f-;-..-. _ S
120 FOR 1=1 T0 6§ L e L o _‘E’T T {‘fcﬂ

130 READ AB(1) . : R '
CMOHEXT Tl U e e ’1_'€ﬁf5{1”t:,E%P‘ s T5l’ l?

150 REM =-ovCS ™ MO, ot case Euven U s 'O* 3.2
DR S . g e DT $NwJ?WJ \%H fg
CL70°REM ---iqq ». discharge -eenen : s AR

[——-womg 1100 S - o @F“‘/\i‘t &’\

.l ,

fx%RMDWU)'fg,wtzq;wgﬁnlgofmm' So‘ub vo0 B
SO HEXT T e . Lo
iee~é4---2os fr iz TOEs R I R ;ﬂiﬁ,») .

230 REAS 3 : : T e e LR
249 Rsﬁ\?:«--dm grain shae distributwn B I T R R l

A0 FORILITOB T SRS SRR TR
260 READ OHM(T) - - R L e g e T

 Lsozo NexT 1 R o RS R _,gg;??*?i--j“j?Q_,
© 280 REM »'—'u-rc " roughness coefficient o (’n) e RS SR SR
290 READ :
300 Rtn‘ttf{rb . river bed Slope (;3, |

© 310 REAQREY M : g
320 ST-ATH(RD)  ~-' ’_ § g .' KPR
35 (0-005(ST) " ' -
330 REH. o
MO REH ----2g = average graun size (lrm}' A
350 AG{1)=250 :
360 AG(2)«150
370 AG(3)=75 .
300 AG(A)=40 - _
360 AG(5)=20 - - e
400 AG(6)-7.5 SRR ' SRR
419 AG(7)-3
420 AG(8)~1
© 830 REH _ IR _ B
A4Q REH ~emnn print out et no. R T O S S

1450 FOR Lixl TO 5 B '
~ 460 LPRINT =~
Leapomext L ¢

80 LPRINT ° anerass caleglation result. Of. bed load Arssarr
490 LPRINT ; LPRIBY T
560 LPRINY " (1) imput - statiom name i "

510 LPRINT S8 e L

520 LPRINT ~ o IR WL

530 LPRINT USING "8.4E":RC _ R

S40 LARINY * 0 o ey

550 LORTNY USIHG "2.20¢6":R8 - S S
560 REY ;n-.-.~.;..-.-..-----,-.-..-i,..-.a..---;fﬁr ......... i

g 510 FOR QK~1 YO 10
© 580 Q-QB{QX)
C 590 Be5AQT,5 F—)

7{ r) \
R U7 | \r-@‘ *p!ié L’ "0” tggﬂ/’u
%ﬁngghﬁafos o ‘.' gCL “&¥iam>v& 5?%]&3

630 IF GS > 3.03 GOTO 670

{I

T T T AR T I A T A 33 e
o A B T



640 If GS =1, 1{3 GOTO 690

660 TCA550G84 1

660 GOTO 700 T
670 TCo80,9465%,1 + -
- 660 6070.710 .
© 690 G6aG5* .
100, TC+134.6466™1 A9 _
N0 REN 'j;~;~h;~ﬁfﬁ,-_.: L
(J20 REH.  -nee- tractive force (i
730 HIQRC . s -
. 740 H2=8%RB",5
750 H3S(H1AI2)T .6 e S
760 TF+9804H34100%RM T L.
(762 £1+2.65/1.65%R0 IR
768 £2-24(.A25-E1) -
770 €316
775 Alm(£2/€3)".5
S 780 AZeAt*AL
785 TUSTF/(1,65+980%GS*, 1)

" 805 TI«RB".S
810 T26(12- 24*71)/60
L 815 T3<1.5-T1.
" 820 S1n 12*(1u T3)
© 825 YI=TC/YF
B0 $2m1-A2%71
QSS%LMﬂH“SJ
(B0 T2(65%,1)"3
845 S=(1, 65‘980*T2} 5
mmmwwmw4 Co
- 850 REH v e R i bt
860 UC(EK)«TC".5 ' v
- 870 UU(EK)-TF .5
.. BOO HB(GK)wH3 -
890 FF(GK)mA
gﬂO'EE(GK) T
9107 01{GK)=UB*DH{6K)*,01 -

L0 mexT ok R
. 930.REH ;-.-.uh-?-r}->--~?f ----- pgmmea

940 Q2w0
" 950 030
£ 960 Q440
S 970 Q540
975 G6a0
977 4140,

990 Q2-Q1(GK)202

_ [ 980 FOR 6K -T0 B

1000 NEXT 6K

NORO RER cec o e

1020 §3-02*8*i00
1030 (4-0342.65%.001
1040 Q5+04*864004 *, 001
1095 Q6=Q3*.0064 =
1046.QD{QK )}« 06 -
1048 07:03+.0036 -
1049 QH(QK )« qr '

T 05O REH iadiis print out -e-- ©NG.2 i .

_7-1060 FOR: Ja] ro_s
Ijmotmnu_

chego wexy o S
L AOSOUPRINY (2) - bed Voad

='i oo teRrr o T case'. n.QK

ALOAPIT e T

n LPRIHI “ (cmsy n

800 REY --~.--f-_sedimnt calculationf P




20 LeRmy t B R PR
1122 LPRINY USIRG “4H. ll"'B -
© 1130 LPRINT & L?Rlﬂl sLPRIHY

140‘._.P_R”"_ " ,-,.'.}.._;..'.,..N.*_....-.;'...,........;'...__.;.'.«;'..'.;.5._,....‘.-“.‘...7_.;.?.',.',;;,.;_-._.'.-'_u_._jf.;h'.

SO LPRIT " range. dfst, owteT wrco h ala tw g
1160 LPARINY. o fem) (%) (cm{s) (ea/s) () o (cm3!s/cm)-,gn S

1170 LPRIY. " ,.___h-_u-.-,.';-_.;__.:,“,__;..;_.__.u..;.._.'r._,_,;T.____'_‘_._;__,;____;_-_"_.j__'-'_'_:-'.:'f" NS

1172 FOR L1=1 T0.8 . o

14 LPRIAT . (L) ™
CLI76LPRIAT USING "##7sDr(il); .

1178 LPRINT USIHG ™§#HE84R=1UC(LL);
1180 LPRTHT USING “M#2itad=;U0(LL);
1382 LORIHY USTHG "#dgd &= sHI(LL )y
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