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Lecture 1 

A. STREAM CLASSIFICATION 

I .  A1 1 uvial Channels 

a .  Define alluvium 
b. Sel f - fo rm2d b ~ u n d a r j e s  
c .  E e g i ~ e  channels 
d. Channel resFonse t o  iciposed var iab les  . 

I I .  Non-A1 l uvi a1 Channel s 

a. Sedirzent t ranspor t  always be1 ow stream capac i ty  
b. R i  gi  d-boundary hydraul i cs apply 

I I I .  Stream Topology ! 

a. Stream length 'and channel p r o f i l e  
b. Stream order ,  branching 
c. Drainage dens i ty ,  basin c h a r a c t e r i s t i c s  

B. CHANNEL FORM-BRAIDING, MEANDERING, STRAIGHT 
. - 

I 

I .  Meandering Streams I 
\ 

i 

a.  Typical cros's sect ions  
b. Flow pa t t e rn s  i n  bends 
c. bieander wave length 

, I 
d. Radius o f  curvature  

I 

e. Meander cut-offs  
f. Natural 1 evees, channel migration,  and res idual  f ea tu r e s  

I I. Braided Channel s 

a .  Chutes, i s l ands ,  divided flows 
b. Relation of braided channels t o  s lope  and sediment load 

I I I .  S t r a i g h t  Channel s 

a.  Typical c ross  sec t ions  
b. S t ab l e  channel design 

1 .  No sediment movement 
2. W i t h  sediment t ranspor t  

c.  Bank s t a b i l  i za t ion  and channel maintenance 



C. FLOW IN ALLUVIAL CHANNELS 

I .  Forms o f  Eed Rough~ess 

a .  F la t  bed, no sedinlznt movement 

1 .  C r i t e r i a  f o r  i nc ip i en t  motion. 
2. Grain roughness 

b. Ripples 

1 .  Proper t i es  
2. C r i t e r i on  f o r  occurance 
3.  Roughness 

3 .  

c .  Dunes 
L 

1'. Proper t i  e s  
2. Cr i t e r ion  f o r  occurance 
3. ~oughness  - 

d. F l a t  bed w i t h  high t ranspor t  

1 .  Proper t ies  
2. Cr i t e r ion  f o r  occurance 
3.  Roughness 

e.  Antidunes i+b.se 
1.  p roper t i e ; .  

( a )  Fine sand 
(b) Coarse material  

2. Cr i t e r ion  fo r  occurance 
3 .  Roughness 

f. Transi t ional  and residual  forms 

11. ~ a r ~ e - ~ c ~ l e  Features 

- a .  Point  bars 
. . .  

' 1 .  tilechanics of  formation 
2.  P roper t i es  

b. I4iddle bars ,  i s land formation 
c. A1 t e rna t e  bars  
d .  Local obs t ruc t ions ,  1 ocal scour 

111. Resistance t o  Flow i n  Alluvial  Channels 

a. Grain roughness and form roughness 
b. Flow r e s i s t ance  and bed forms 
c. Problems of predic t ion 



D. SED1E:ENT TRANSPORT IN ALLUVIAL CHAIiNELS 

I .  C l a s s i f i c a t i o n  o f  Transpor ted  Sediment 

a .  According t o  t r z n s p o r t  mcc 

1.  Bed load  - 
2. Silspended .load - 

b. According t o  sou rce  

1 .  Bed m a t e r i a l  
2.  Fin? f ia ter ia l  (;.:ash l o a d )  

c. According t o  nztl:od o f  o b s e r v a t i o n  

1 . Keasured 1 cad  
2. Unmeasured load  







SEDIf(IEt.IT PROBLEI.1S IN HATER RESOURCES ' PROJECTS 

I .  Eeservoi r Sed iwn ta t i on  

a .  His tor ical  s i  cjni f icance 
b. Fie tiiocol ocjy 

, c.  S c ~ t  case h is tor izs  
d. Current pro51 59:s 

11. Erosion 

a .  Estimating s e d i ~ e n t  y ie ld  
b. Accelerated e r c s i o n  

111. Local Scour 

a.  Bridge cross ings  
b. Pipel ine  cross ings  
c.  Spur dikes 
d. Contractions 

IV. Aggradation - Degradation 

a .  Above and below rese rvo i r s  
b. Control s t r u c t u r e s  
c .  Channelization 

B. CURRENT TRENDS IN SEDIMENT STUDIES 

I. Water Qua1 i t y  and Environmental Aspects 

a. Sediment a s  a po l l u t an t  

1. Effects  on biota  
2. Water treatment 
3.  Turbines 
4. Recreation 

b.  Sediment a s  a t ranspor t ing  agent 

1. Radionucl ides  
2. Trace metals 
3.  Per s i s t en t  chemicals 

. . 
c.  Lake eutrophicat ion and re1 a ted probl ems 

11. Flow and Sediment Routing 

a .  "Black box" niodel s 
b. Hydraul i c  model s 



1. Unsteady f l o ~  equations 
2. Boundary conditions 

111. , System Response 

a .  Small >;atersheds 
b.  Large watersheds 

I .  'r:ol-th c;f S2diri:cnt Data 

a .  Eayesian-decision frzzs.!ork 
b. A case study 
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PHYSICAL PROPERTIES OF SEDIMENTS 

A. tIAJOR PROPERTIES 

I .  Size Distributjon 

a .  Sieve a n a l y s i s  
b .  Size c l z s r i  f ica t ions  
c. S t a t i s t i c a i  r!!easui-es 

11. Fall Yelocity 

a.  Theoretical considera t i  ons 
b. Empirical measures 

1 .  In quiessent water 
2 .  In native wate r  
3. Effects o f  turbulence 
4. Effects of f ine  sediments 

c. Fall diameter 

111. Other Properties 

a .  Density 
b. Shape 
c. Surface texture and roughness 

I .  Approximate Distributions 

a .  Log-normal 
b. Bagnol d ' s  analysis 

I  I .  Some Emperi cal Findings 

C. DEPOSITIONAL PROCESSES 

I .  Sorting 

a .  Natural streams 
b .  S t i l l i n g  basins 

1 .  Trap efficiency 
2 .  Elementary design c r i t e r i a  

11. Del tas  

a .  Lccation and growth 
b .  Hydraul i  c n;odel s 
c. Empi r i  cal e v i  &'?nce 



1 . Laboratory s t ud i e s  
2. Field data  

, 

111. Deposition i n  Reservoi r s  

a.  MJ j o r  var iables  
, . b. Idealized d c p o s i t i ~ n  pa t te rn  

c. Density o f  deposited sedirn2nts 

1 . Ini  t i  a1  dens i ty  
2. Variation v: i ih  t i ~ 2  
3.  Other f ac to r s  

d. Reservoi r surveys 

1. Sampling deposited sediments 
2. In -s i tu  dens i ty  determinations 
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THE ANALYSIS OF SEDIMENT DATA 

A. SUSPENCED SEDIf!ENT 

I .  Suspended Sedixent Equation 

a .  Theoretical d is t r ibut ion  
b. Exact s o l u t i ~ n s  
c .  S o n  a p j ~ r c x i z ~ t i o n s  
d. Liiiii t a t i cns  . , - - 

I I: Suspended Scd i~z r ,  t Saicpl i ng Prograins . - 

a. F i e l d d a t a  - 

1. Point s z z ; ~ l e s  
2. Equal centroid 
3. Wi dth-depth integrat ion 

! 4. Pump samplers 
5. Other 

b. Laboratory analysis  

1. Concentration ' 

(a )  By weight 
(b) By volume 

2. Pa r t i c l e  i i z e  d is t r ibut ion  

c. . Computational procedures 

111. Design of  Sampl ing Programs 

a. Frequency o f  sampling 

1.  Sample va r i ab i l i t y  
2. Sample s i z e  

b. Spat ial  coverage 
c. Transferring sediment data 

B. BED HATERIAL AND BED LOAD 

I .  Bed Material Samples 

a.  Sand beds 
b. Gravel and coarser 
c. Special cases 

1.  Cohesive beds' 
. 2. Estuaries  

11. Bed Load 



a.  Samplers 
b. Computational techniques 
c .  Tracer  techniques 
d .  Mapping 

C. SPECIAL STUDIES 

I. Reconnaisance S tud ies  

a. Small watersheds 
b. Large watersheds 

11. Data Needs f o r  Spec i f i c  S t ~ l d i e s  

a. River c r a s s ings  - loca l  scour  . . 

b. S t ab l e  conveyance channels 
c. Channelizat ion and r i v e r  t r a i n ing  
d. Other 

111. Adequacy o f  Exis t ing Data 



. - WORKSHOP: SEDItlENT DATA ANALYSIS 

Ob-ectire: To develop inflowing sediment load data fo r  the reach of Cache 
d e k  between Runsey and tapay, Cal i fornia .  This information will  be 
u t i l ized  when simulating the behavior of t h i s  reach with HEC-6. 

Given Data: 

a. Ikasured concentrations of suspended sediment and associated 
water discharges f o r  a wide range of flows a r e  shown i n  Table 1.  The 
dis t r ibut ion of grain s izes  fo r  several of the suspended load samples i s  
a l so  shown. 

b. The grain s i ze  d i s t r ibu t ion .  representative o f  the  bed mater ia l  
i s  shown i n  Table 2. 

c; The equipment used to  sample suspended load does not capture 
la rger  par t ic les  o r  those moving near the bed. I t  i s  estimated tha t  f o r  
Cache Creek, t h i s  "unmeasured" load is  7% of the to t a l  load. 

- -  . 
Solution Procedure: . - - - 

i c 
a. Calculate the t ransport  r a t e  of suspended material i n  tons per  

day f o r  each flow given i n  Table 1. Necessary conversion f ac to r s  may be . . 
found i n  IHD Volume 12, p. 4-04, 

b. Plot ,  on log-log paper, water discharge vs. suspended sediment 
concentration and water discharge vs. suspended sediment load. 

c. Develop a re lat ionship between water discharge and t o t a l  
sediment load. (Usually a s t r a i g h t  l i n e  on log-log paper.) 

d. Determine a representative average grain i i z e  d i s t r ibu t ion  f o r  
the total  load. 

. . . -, . 

Questions: l lease provide written answers t o  the  following. .. . 

a. One of the two data p lo t s  exhib i t s  more s c a t t e r  than the other. 
Why ? 

b. What s teps  were used i n  determining the grain s i z e  d i s t r ibu t ion  
of to ta l  load? What assumptions were made? 



c. How might  a n  improved ( i .e . ,  more r e p r e s e n t a t i v e  o f  l o n g - t e r m  
b e h a v i o r )  t o t a l  l o a d  g r a i n  s i z e  d i s t r i b u t i o n  be d e v e l o p e d  f rom t h e  
g i v e n  d a t a ?  

d .  Note t h a t  s o n e  g r a i n  s izes a p p e a r  i n  b o t h  t h e  s u s p e n d e d  l o a d  
and bed m a t e r i a l  g r a d a t i o n s .  What a r e  t h e  i m p l i c a t i o n s  o f  t h i s  when 
d e t e r m i n i n g  t o t a l  l o a d  and g r a d a t i o n  o f  t o t a l  l o a d ?  



Table 1 : Suspended Sediment Oata 
Cache Creek Above Rumsey , Cal i fo rn i  a* 

1 . *Source : USGS, "Qua1 i t y  of  t h e  Surface  Waters o f  the U.S ." , P a r t  11. 

Date 

mo d a y  y r  
Jan 12 60 

Jan 25 60 

Feb 9 60 

May 2 6 1  

Sep 1 3  65 

Hov 19 65 

Dec 29 65 

Jan 5 66 

Feb 4 66 

Feb 24 66 

Mar 18 66 

fiov 22 66 

Jan 27 67 

Jan 31 67 

Mar 17 67 

Apr 6 67 

Dec 6 67 

Feb 17 68 

Jun 5 6 8  

1 

Grain S i z e  Distribution 
X F i n e r ,  q i t e  i n  millireters 

C 
(mtJ/l) 

3 4 

4135 

2,340 

42 

21 

146 

577 

5,300 

3,069 

22 

545 

156 

1,370 

1,530 

530 

291 

102 

1 ,490 

1 9  

@J 

(c f s )  

114 . 
588 

8,300 

336 

180 

550 

1,660 

11,400 

6,390 

370 

2,920 

749 

4,460 

7,160 

4,320 

2,640 

251 

2,990 

560 

Qs 
( tons /day)  2.0 

100 

100 

,125 

100 

98 

6G 

99 

63 

100 

84 

72 

82 

74 

103 

92 

90 

,250 

99 

83 

100 

82 

93 

86 

93 

81 

97 

94 

,002 

r 

23 

44 

36 

25 

.50 

100 

96 

'100 

97 

93 

109 

88 

100 

98 

,004 

5 4 

a 

I 

32 
24 

57 

43  . 
41 

,008 ,016 ,031 ,062 1.0  

100 

100 

99 

93  

100 

42 

73 

57 

54 

99 

97 

49 

97 

56 

99 

72. 
6 1 

74 

69 

98 

84 

82 

83 

54 
44 

82 

68 

61 

64 

87 

7 9 

63 





Table 2: Grain Size Distribution of Bed ! la te r ia l ,  Cache Creek, California* 

Size i n  
rn 

0.062 

0,125 

0.25 

0,5 

1 .o 
2.0 . 

4.0 

8.0 

6.0 

2.0 

% 
Finer 

0 

0 

5 

2 0 

3 0. 

-40 

50 

7 5 

. 95 . 

100 

"Source: Lustig, L . K . ,  and Busch, R.D., "Sediment Transport in Cache Creek 
Drainage Basin in the Coast Ranges West of Sacramento, California," U.S.G.S. 
Prof, Paper 562-A, 1967, 
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de?7.-:c':i-.in;l, i t  1:;s c t ; t ~ n  ~ ? : ~ T I . : C ~ = S ~ Z ~ ~  t~ c:? j ~ ~ f :  ti12 i n f l  c:!!ing 1 c.zd curve . . 
SO,-s . ... ".- . I.;; f ; . ~ ~ i ~  ;,;is becoazs ri:c?ssa;-y, i~s;:~vc?r, f t f s ustlal iy no t  s u f f i c i e n t  

3 .  - t o  y : : z ; ~ y  t;z!y tl;? \7~7!,-:,2 of ini^?c;;l.ir;q lccd; th.2 c r z d z t i c n  n z s t  a l so  be - 
a d j ~ t s t . z d ,  l h i s  nrornss  i s  ci:z>i'?x 2nd l i t t l e  ct15dznc? i s  ava i lab le  cn hcl r~  
t o  p;-.:cc.sd f n  a st?;-by-stcp, ra"Lenna1, fzs5ion. 

The i : : . ~ ~ r ' , z ~ c e  o f  t h?  infic.::;ir!g lozd  curve t o  t i i t .  i p ? l i c a t i o n  of ana ly t i c '  
t .2r: ..L.,,, -.<. .-... , . . .:L - t o  :h,n ~ 1 ~ 2 i c t i z n  G? f i i t~ r?  s t ! -~cx  k h a v i o r  has rr iot ivated the 
r ~ t h s r  ' d2 ta i  led exaa i  naticn o f  i n f l  w i n g  1 o-d iti t h i ?  v:orkshop. 

Solrrticn: . . - 
a. .The conversion f a c t o r  g iven i n  I H D  Volune 12  ( p .  4-0'4) i s  calcula ted 

as iollos,s: 

t o n s  f t 3  mq i b s  1  s ec  tons 
- E - * - . . * . -  

day sec 1 mg f t3  day i b  

b. See Figures 1 and 2. 

c .  Figure 2 \Gas d e v e l o p e d  by p l o t t i n g  (suspended load )/0.93, 
y i e l d i n g  t o ~ l  locia. ' 



1. D i r e c t  scz?le avrr .? i : !g  

, c ? is  - -  = 3 -  -" ., - ?ge' 
,..,~;>cd c i  . > I  - 5 ,  c I z ~ ,  J~., s i l t  and 

2:. 2:; ,- Jc.; - ...A s.i, ;:?: zqj>O 5 - - . F * . - Y ~ ~  . . r . :  * - & - ;  ~yci:-.-:-.:; ;z;;.j ~~~~~ app??? i z  tk:c2 - - . - . , .  a -  , 8.. - . .  . . i;,s:;urei;' ~3:::ij]t5~ 2 s  ~ . v j (  :nczrj b:: ;i:c r~ 1 ;!<: i;;-,~i-li 2 b ~ t v ; ? ? g  ti72 b?d rr.2 t-rjal 
1 Lr) J 

-. 
~ - - - ~ - t j c . n  s,jriJ t::~ ~z>;;;..;:jpd 5<i-z7z a-<<zcs(,::, ry:.*,.35 27 F j . 3 ~ ~ 2  3 .  !r,c 
ri.x;aininq sizos ~ V S S  u;;:::s:::.~? I!!", 3.1 tk~~;!y: ?:;; . .:! 7~' . , 04 t3t- i:ctal 
lC.Z: i n  " 5 ;  C ~ S S ,  :i;;3-:3 . . s j ~ ?  ;',-t,-';.;::;;.j . . i ;?i 'z 2 e f f ? c t  cn 
sedicmt prsb1e.r.s. Co:lser:!?.r:t?y, c a l c ~ ?  z t i o z  t c -chniqrs  have t.:-=.n d?:.Sscd 
t o  dc- ter is l i~e q ~ . : f i t i ~ i ~ s  ( T o i ' f a ? ~ t i ,  : < 2 j i f i 2 +  Eins+in c r  E ins tc 'n j ,  KEC-6 
c:.:/ a l s o  b2 g z n b  iq . - ? i : ~  s y c ?  ,:ayc::i:ijo-r r ~ ~ ~ r ~ t $ ~ . ~  sj1: sr,," cl2y 
f . : .  4 ; .  J - - - 

u i . . . .,..; ~ ! i : i  C 2  j C i ! l r . ; : ~ ~  t c l  t c t ~ ]  ;:y:j q r3ye I  1 ~ 3 d .  -. 
I f iz ~ 2 1  ~kj;c,[;d \121 c f i ~  kii j cz; ; . i~ jn  b z ~ f i  r~~s~~r2d ;;nd ~ ; ; ; ; ; s z s s~ed  1  ads and . - .  t h 2  T . ~ < Z  1 ~ 5 ,  >,-! ., ?.- - .  - I  ;,I - S ~ I Z  c l a s s ,  izzy bs  p:-inted 03: -by s.g?ecting the  
C-Lev?? prir:t oi;t icn (col ~ z n  6 on the *-card, Hydrologic Data). 

As t he  f i r s t  approx l~a t ion ,  asssxz the unzocsured ioad has the sane 
gradaticn as the bed material and e t t i z a t e  t h ?  gradation of to t a l  lpad 
as sham in Table 3. Code an inilouing sediseni  load f o r  HEC-6 Sy select inn 
two water discharges and- t h e i r  corresponding to t a l  loads. from Figwe 2. 
Code the est izzt2d f rac t ion  o f  nater ia l  f ron the l a s t  colvzn i n  Tzb l e  3 
and exzcu ts  5fC-Ei with a C-Lev21 pr in t  ogtion in t h e  Sedizz3t Caic2iations. 
lverzge the load passjng czch cross ssct iox ( ~ x c ? u d i n q  t he  f i r s t  and the 
12st sections) f o r  each sznd and gravel c lass .  ~ a l c u j a t e  a new to ta l  
lcad by addifig t h e  avsragz l o ~ d s  f o r  sznd 2nd gravel t o  previously 
Ieternined s i  7 t and clay quant i t ies .  ( A d j c s t  i f  s ign i f i can t ly  d i f f e ren t  
crca the to t a l  load f ro3  ii'cilre 2 ,  and czlculi.tc the  ni;.; grzdat ions.)  The 
results mey have t o  be refined l a t e r  during ve r i f i cz t ion ,  but usually any 
;uch refinerznt ; s  minor. 

"spcnse t o  Questions : 
a. The concentration versus water disck;;rgz p1 o t  exh ib i t s  core 

hc;.tte.r than s e d i ~ e n t  load versus !.later discharce. T h i s  is  typical of - .  
m s t  rcasurczents. I t  cozzs frc;rl the  f a c t  tkzt -ti:? sed'.-. I,.,-nt lozd ;r;DsJes . . t the velocity of :he v s t e r  ?;her?as r.!:t?,- , L :.!;;:;s .?.zs:.? a t  :;:~;!:lr t;.?i,citjes. 
-ince f low i n  natural stre'sns i s  usilally ufist:?ady, ( i . e .  !:.~~,~:s of r.:n"cr . . as i l l u s t r a t ed  by stage hydrovaphs) :he ylatci- t t n d s  t o  fii;---+lq . .. +k- ,..,.. - .."*-.- ......,.. fit 
n transport .  Concentration, of sedirn~nt c h s i ~ ~ c s  wkrcaz  t c t a l  z i s s  of 
edinent does not. 



5 .  The ste?s  t o  f o l l o w  a r e  s h a m  i n  the S o l u t i o n  Procedure, above. 
/,~.'.L!r7:3ti3;:~ E7.Z: 

- I  1.  Ice sn lcc ted  kc2 q i -eda t i cn  d a t a  i s  reprcsenlativc- c f  the f u l l  
rzr  ,..-. -s . . 3 2  L) I c-, 5c:-.c:2;s.. 

-. ., c!. ,i-,.? :,-:ifft? ,<;- i ; tain f - ? r l - . - x : c  . - *, 4 C- -... i t .  i v . 3 ~  -- iq=-.--.- n a r v ;  ;,.:: t 1-- t!>ll -C..c.-. : ; -.,I +;:> v..- 

s-:;.cr.<e< :c-,j i,-;as-rz-nts t o  c a l ~ g l a t -  t h e  c.sz:;tjty of r2:drj31 : ;>i~h 
, ; ; ~ . s - P  in ? : . .  mv-:-- .,: 527-.,! - - r e  

. . 
, L o . . -  G ....- ; , Ciy,3<:-;"li; 5 ~ g ,  c.r;ly '35252 ,-rein s<;;'s j n  

ti:s susp~,2;.d sc~ ; iss  are  i n c l u d e d  i n  tie cajculaii'crns. L a r ~ e r  ?a : - t i c l e s  
a r s  ciss5.j :'.'--->'?,:..- . t.k. -; - - , , L a  . 



. ., - * 
I?. 
It' 
U. 



Cont inue as above t:, dzvelop val  ues fo r .  o ther  g r a i n  -sizss, results are 



C.' - . .-. Y ; i . : z : -  
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4 . -  T ~ T L E :  Me A hods for Estimating and Controlling" Localized Scour 

i -  . .  

Ic Culvert Outlets - Types of Scour 
I A.  G U ; ~ ~  

t B. Localized 
* 

1. Methods of Estimating 

. 2. Methods of Controlling 

a. Cutoff Wall 

b. Horizontal Blanket of Riprap 

c. Preformed Scour Hole Lined with Riprap 

d. ~ i n e d  Channel Expansion 

e. Flared Outlet Transitions 

f. Commonly Used Energy Dissipators 

11. Bridge Piers . - .  

A.  Localjzed Scour 

B.  i ill ow Mzttresses and Riprap Protection 
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4 TJTLE: Me A . ., h o d s  f o r  E s t i m a t i n g  a n d  C o n t r o l l i n g -  L o c a l i z e d  S c o u r  
. .., 

1 .  . . 
. . Ir C u l v e r t  O u t l e t s  - T y p e s  of  S c o u r  

' f A .  ~ U - l l ~  

k 
I B.  L o c a l i z e d  - 

1. Methods  o f  E s t i m a t i n g  

. 2. Methods  o f  C o n t r o l l i n g  

a .  C u t o f f  W a l l  

b.  H o r i z o n t a l  B l a n k e t  o f  R i p r a p  

c .  P r e f o r m e d  S c o u r  H o l e  L i n e d  w i t h  R i p r a p  

d .  ~ i n e d  C h a n n e l  E x p a n s i o n  

e .  F l a r e d  O u t l e t  T r a n s i t i o n s  

f .  Commonly Used E n e r g y  D i s s i p a t o r s  

-- 1 1 .  B r i d g e  H i e r s  

A .  L o c a l i z e d  S c o u r  

B .  ' Willow F l s t t r e s s e s . ~ ~ - n d  R i p r a p  P r o t e c t i o n  



d.  F i r s t ,  sn zy:racl d(;:rib;:jsn j: ,'~;;zlo>ed for ;he saspvn<.d - locd. ,.:,-, 2'- -,.: . . .  " ..-., ' i- '  
r . u  I,,+;*~-:.L~~*=> I . . : : ~ <  5 2  L ~ : : < : > .  

1 .  D i  rec t s;:~: s av:rz<i n! 

I f i  st:zzsry, t i le  r;.?:sur?d lnlcf _ L. i s  ce;-7--- ~ . f  3'1 . r , ;  ,. -, clz;.y, 395 s i l t  s.zd 
22 .25  s; . r i : : ,  i::: sq-,,? 5 - .A+:+  - .:;a L-.: ;-k,> 2l;F- . - - :. -? - > -. ,d - : - -, p 

- I  i : . . ' *c  - . - : . -  : , ~ L Z J  asp.zkr  i n  t k s  
-.:i;,Jrza S1" ... - . .  . . 
I.,,- d - u...;, 1t.s a s  e?rii.!nc?r; r e  1 tic: c;;::- 3 acp,.;2zg th.i bzd ~ 2 t ~ ~ i a l  
c;-&-,tjcn ~ , Y J  t:-t sasc.;..-t,:jt:j 5Gi1:,;t_. c r a - - ; - - ; r -  L- .LL  , .;:: cy:-*; ,=s 2 2  f j z u r 2  3 .  -. !x 
r?a-;ai c i n g  s i z?s r;.,ovb -1s [ i t i ~ ~ z ~ ! : ~ . ~ j  i ! : ~ d ,  .':'.I :>09-!.2!? c:::::' 70j of :?!: ;;..c,:J~ 

. . . . 
1 ~ 2 . j  j n  ::-,is r-cs3, s i z z  ---:-- I.. -LL' -..-..- dt13 k;(\r=i 5 s ~ G ~ o ; ' : I c E ~ ~  e f  feet cfl . - s e d i r m t  pro3 i ~ s .  Co:~cear!n.r:i!:/, calru! ztio;, t2th::iqc.s h.,ve b2.n dnt:i s ~ d  ,- - -  
t o  d c - t ~ 3 l i 2 €  q:lantie-;ns i, lorm]s+;i ,  ;+ j i f i2< Ejncfsjfi c;. E f n s t c k j .  KEC-6 
~:!sv a i sc  ba LI:?~ iq i?i:z s y c i  1 ,  j s i l t  and cley 
f r - -  " : . I  J . * - ~  Li;.? . -,. .--=.-, : - - ..,-- ,-d ic:i; i!;$ i z i ~ ; ! ~ - t - i . r + - r  . . 

A .,., LC? t ~ t t i l  S Z . Z ~  ~ r : d  c ~ ~ Y s I  le3d. - - Tfiz c-~c:~<~~~ ~ 2 s  \ii 1 j czrj.;zin b z i h  v-5-.-.!F i: ,,, z n d  cii;;;;zzsured lcads and . 
t h z  r z z u i t s ,  ::.! ., ,---..- ; I  2 ; , I  S ~ Z ?  <!ass ,  is2y bo p:-int..d out _by s.z?ecting t h e  
C-LEV?? pr int  option (col~:fin 6 on the r -ca id ,  Hydrologic Data). 

9s the f i r s t  a p ~ r o x l ~ a t i o n ,  assuxr the unzacsursd load has the sariie 
gradation as the bed material and egt ina te  the grsdation of to t a l  load 
as sham in Table 3.  Cod2 an inilowinq s e d i m n t  load f o r  HEC-6 by select inn 
tr?o water discharges and t h e i r  corresponding t o t a l  loads. from Fiqure 2.  
iode the es t icz ted  frzct ion of na ter ia l  f ron  the l a s t  colvsn i n  Table 3 
2nd  e x e z u : ~  fiEC-6 w i t h  a C-Level pr in t  option in the S e d i z x t  Caicuia"L-;ons. 
lverece i t e  load passing eech croz; s ec t i ca  (sxc1ud:ng t h e  f i r s t  and the 
lzst  sections) f o r  each sznd and gravel c lass .  Calculate a new to ta l  
lcad by adding the average loads f o r  sand and gravel t o  previously 
jeternined s i l t  and clay quant i t ies .  (Adjust i f  s ign i f i can t ly  d i f f e ren t  
'rc9 the to t a l  load f ro3  Ficilre 2 ,  and czlct l la ie  t h e  nw gr;dstions.) The 
resul ts  may have t o  be refined l a t e r  during ve r i f i ca t ion ,  b u t  usually any 
;uch ref inerent  i s  minor. 

r Sespcnse t o  Questions: 
a. The concefitration versus water d i s c h ~ r g e  p lo t  exhib i t s  core 

1c;tte.r than s e d i ~ n t  load versus water discharce. T h i s  is  typical of 
~r3s t  r2asu rc~cn t s .  I t  cozzs fro3 the f a c t  tkzt t k ?  sedf::znt l o s d  mves  
t the velocity of the s.;ter \;her?as \.:atel- : . ! 3 s : ~ ~  F,S+? d t  >"!.':::r Y S ?  ~ : f   ti;?^. 

: -ince f l o r  i n  natural strekos i s  usual ly  ur i s l : !ady .  ( i  .e .  V:G~,.?S g f  ?:a??r . . as i l l u s t r a t e d  by stage hydroqraphs) the ::atii* t.:nds ts: r:~;:-~*!n !Fir, - - . ..-.--- .. ..., :-fit 
'n transport .  Concentration; o f  sedirnsnt changes wRereas t o t a l  m:ss of 
edinent does not. 



VIDEO TAPE 

THE HYDROLOGIC ENGINEERING CENTER 
CORPS OF ENGINEERS, U. S. ARMY 

609 SECOND S T R E E T  

DAVIS, CALIFORNIA 9 5 6 1 6  

(916) 449-3292 



HEC TRAINING COURSE ON SEDIMENT TRANSPORT 

'1 -1 2 November 1976 

Lec tu re  - Est imat inq  Sediment Yields 

I n s t r u c t o r  - R. H. Livesey, P. E. 
Chief ,  Water Qua1 i t y  and Sediment Sec t ion  
Omaha D i s t r i c t ,  Corps o f  Engineers - . 

1. I n t r o d u c t i o n  

A. Scope o f  l e c t u r e  

B. I d e n t i f i c a t i o n  o f  s tudy  o r  r e p o r t  needs 

C1 Appl ica t ion  o f  m t h o d s  and lirni t s  

2. Sedirnenta t i o n  Processes  

A. ~ e d i m e i t  sources  

B.. -Erosional  - . f a c t o r s  

C. C l i m a t i c  f a c t o r s  

D. Watershed f a c t o r s  

3. Basic  Data Requirements 

A. D e f i n i t i o n  o f  c o n t r i b u t i n g  d ra inage  a r e a s  

B. Design c o n s i d e r a t i ~ ~ s  



C, Hydrologic r ecords  

4. Methods f o r  Determining Sediment Yields 

A. CE exper ience  

B. Direct m a s u r e m n t  

C. Computation 

D. Judgment e x t r a p o l a t i o n  o f  measured d a t a  

5. - Specia l  Cons ide ra t ions  

A. Urbanizat ion 

B. S t r i p  mining 

C. Highway r e l o c a t i o n s  

6. Es t ima t ing  Reservoi r  Depletion Volumes 

A. Computational f a c t o r s  and u n i t s  

B. Reservoi r  t r a p  e f f i c i e n c y  

C. Deposi t  d e n s i t y  

0. Deplet ion r a t e  and volumes 
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1 - SED l MEN RAT; NG C U R V E  

2 - RAT1 NC CURVE - FLCW DUEPbTI ON 

3 - RESERVOIR SEDIMENTATION SURVEYS 

1- UNIVERSAL SO! l LOSS EQUATION PLUS SEDIMENT DELlViRY RATIO 

2 - S E D I I ~ ~ ~  TRANS PORT aliii'il ONS 

JUDGEi'trENV EXTRAPOUT! ON OF i\?,Y,,SURED DATA 

1- DOfdIKq'IM B A S N  CHARACTERISTICS 
2 - SEDIMENT YIELD CONTOURS 

3 - f l ELD RECGKXii, i SSAiGCE 



SEDIMENT RATING CURVE 
ELKHORN RIVER 
,WATERLOO, NE BR. 





RATDIG CURVE - FICN DURATICN HE'HOD 

IQNG T E W  TOTAL SEDIMENT LQAD ESTIMATE POR 
EUMORN R I V a  AT WATERZ100, NE8RASKA 

ST&W REORD - 1929 TO 1963 
SUSPDJDsD SEDD.IEIiT SAMPLING REI30RD - AUG- 1948 TO I.JOV. 1950 

Suspended 
Water Sediment milY mils  

Percent DiscFarge h a d  Average Average 
Mid Incr e- 

Q, 
Ord . - ment 

Qw Qs Qw 
O ( t o n s )  0- 1- 

T o t a l s  1055 • 7 

Annual Qs = 13,409 x 365- - 4,89.4,000 t o n s / v  

Unmasured & bed load  10% Q s  = 489,000 tons /yr  

Total sediment load P 5,383,000 t o n 3 / ~  

T o t a l  Drainage Area I 6,900 square m i l e s '  

Sediment Cont r ibu t ing  D. A. I 5,900 square  m i l e s  

Average Annual Sediment Y i e l d  = 912 tons/square mile 



UNIVERSAL SOIL 0 .a::. EQUATION 
E RiCLSCP ' 4 ~  WHERE . 

E AVERAGE ANNUAL 53; L LOSS T R Q X  A SPECIFiC FIRD IN TONS PER ACRE 

R a EROSION POTiPJ i iA i  d,F AVERAGE ANXUAL RAISFAU IN LOCALITI 

' K a SO1 L ERODl B I  LITY FACTOR 

L ; LENGTN OF SLOPE 

S SLOPE OF LAND G2ADiENT 

C CROPPI NC MANAGLnhEN FACT02 

P CONSERVATION PRWCY I CE FACT02 

SED l h;SiT Y I ELD , 

Y T ( D X )  

Y SEDI A!ENT YIELD AT GIVER .7:iOW!S72EAM POlM RONSAJWIT. AREAPIEAR) 
I' TOTAL MERIAL i R O ? E D  FROIC, U?STRUkI YVATERSWED - INCLUDES EA20E 

PLUS AXY CEIWNPiZ COi4TR i DKl ON (TONSIUNIT AREBIYEAR) . 

C2 DELIKEY CATlO G2 PWCENVGZ OF CC'J:liJSTCMI4 li:OVa\\M OF SEDInlW 
Fi(O.4!POINTAT7iO POi l i l . r lTY. (9 - 

1 
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EFD-IQXD FORFIJJLAS ( D l  SCMRGE OF blA7EiI~Iz.~L MOVING ALONG ME STREAMBED) 
WI1IW 

1- SCHOI(LITSCM ' 
e 

2 - K ' Y E R -  PF3ER 
3- HAWdOOD 
4 - RZNER-PETER & M U M  

N 

0 
-h BED-MATERIAL DISCHARGE FOR~V1U2S\S EDi SCXAEGE 07 P!ATlRIAL MOVING BOW ALONG THE 

BED 81 i N  SUSPENSION) 3 

1 - EI NSEI 14 
2 -  KiODIFIED EINSTEIN 
5 - COLBY 
4 - ENGELUND - WANSEN,, 



LAXE STATES mm, TBUCK. 
AND DAIILY BEGION 

d' 
LAED RESSURCE REQlQCS n AM) lJw%mcE FEED GRADls REGION ~ ~ J Q R  LARD n~souCcE AREAS 
AND 

AM) CEXTRAL GENEIUL FhRMING 
AND POREST REOXON 





Ubservdd Sdd/incnf y;e/cis 
iand Resource Area- /a 





COMMERCIAL CONSTR. 

SINGLE - FAMILY 
CONSTR.  

0 T I M E  IN YEARS 100 
LAND USE PROTECTIONS 

(FURNISHED BY METRO. 
PLANNING AUTHORITY) 

TEDIMENT YIELDS DURING L 

URBAN EXPANSION 
17 o f  21 



SUMMATION OF TOTAL SEDIMENT YIELD 
DURING CONVERSION FROM RURAL T O  

URBAN LAND USE 



C O M P U T A T I O N  F A C T O R  

REPRESENTATIVE SEDIMENT Y I ELD 

SELliIAEPiT CONmIBUiiING DRAINAGE AREA 

TOTAL SEDIRTfPC GNFLOIM 70 PROJECT 

U N I T  - 
VONSISQ. MI. IYR. 

SQUARE MILES 

POUNDS PER CUBIC FOOT 

ACRE FETNUR 



.Agricultural  hm0T1' Construct ion . h o t ' l '  ~'ost-Conntruct ion i 'morr  

Sediment Sediment Sediment S e d h c n t  S e d h c n t  Scdinent 
T h e  Contrib. Yield SedFment Contrib. Yjeld Sediment Contrib. Yield Sedhen t  

S e d h o n t  Sed h e n t  EeCk,?: 
Contr ib.  Yield Sedtyent  l k f i c ~  .. e a r '  ' Period D.A. - Rate I n f l o v  D.A. Pate  1 d l o n  Pztc I n f l o v  D.A. .?ate I??: 27.- P e r  re:. 
tm 1- 'm '-: 

0 2.0 
118, SIX) 0 

4 .0  1,Oo LC,3:1? L C ,  C.5 
4.2 1,000 42,O:O 39?,2i 
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