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PREF A CE

M odel st u dies of t h e Blue Ri v er c h a n n el i m pro ve m ent pr oje ct 
were a ut h oriz e d by t h e Offic e of C hief of E n gi n e ers, on 24 O cto ber 
1979 at t h e re q u est of t h e U. S. Ar my E n gi n e er D istri ct, K a nsas 
Cit y. M odel st u dies were c o n d ucte d at th e Di visi o n H y dra ulic 
L a b orat or y, U. S. Ar my E n gi n e er Di visi o n, N orth P a cific, d uri n g th e 
p eri o d J ul y 1980 t o F e br u ar y 1982.

The st u dies were c o n d ucte d by Mr. A. G. N issila who was 
a ssiste d by Mr. R. R. St o c k er u n der t h e dir e ct s u p er visi o n of 
Mr. R. L. J o h ns o n.  The Dire ct or of th e L a b orat or y was 
Mr. P. M. S mith. T his r e p ort was pre p are d by Mr. M. M. K ubo, 
H y dra ulics S e cti o n, U. S. Ar my E n gin eer D istri ct, S e attl e.

i



T A B L E O F C O N T E N T S

P a g e

P R E F A C E ..............................................................................................   i

C O N V E R S I O N F A C T O R S, U . S .  C U S T O M A R Y T O M E T R I C ( S I )  . . .   i i i  

U N I T S O F M E A S U R E M E N T

P A R T  I :   I N T R O D U C T I O N ...............................................................   1

T h e P r o j e c t  ..................................................... .... .  1

N e e d f o r M o d e l S t u d i e s .........................................   3

P A R T  I I :   T H E M O D E L .....................................   4

D e s c r i p t i o n  • • • • • • . • • • •  .....................  4

S c a l e  R e l a t i o n s h i p .................................................   5

P A R T I I I :  T E S T S A N D R E S U L T S .......................................................  6

O r i g i n a l  D e s i g n .........................................................   6

G e n e r a l F l o w C o n d i t i o n s .................................   6

B r i d g e s  .................................................................   8

R i p r a p P r o t e c t i o n  .............................................   9

M o d i f i c a t i o n s  T e s t e d ...................................................... 1 1

C h a n n e l ...................................................................... 1 1

B r i d g e s ...................................................................... 1 2

P A R T  I V :   S U M M A R Y ................................................................................ 1 4

T A B L E  1

P H O T O G R A P H S  1 - 4 4

P L A T E S  1 - 5 1

l i



CONVERSION FACTORS, U .S . CUSTOMARY TO METRIC (S I )
UNITS OF MEASUREMENT

U. S . custom ary  u n it s  o f  measurement used in  t h i s  re p o r t  can be 

co n verted  to m e tr ic  ( S I )  u n it s  a s f o l l o w s i

Mul t ip l y ________  By______ _______ To O btain

f e e t 0 .3048 m etres

m ile s 1 .609344 k ilo m e tre s

f e e t  per second 0 .3 0 4 8 m etres per second

cu b ic  f e e t  per second 0 .0283168 cu b ic  m etres per second

pounds (m ass) 0 .4535924 k ilo g ram s
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BL UE RI VE R CHANNEL I MPR O VE ME NT P R OJE CT AT KANS AS CI T Y, MISS O U RI 
H y dra ulic Model I n v esti g ati o ns 

P ART I: I NTR O D UCTI O N

The Pr oje ct

1. The Blue River —fre q u e ntly referre d to as the Big Blue 
River f or clarific ati o n fro m its neig h b orin g L ittl e Blue Riv er —is 
a ri g ht- b a n k tri b utar y of the Miss o uri River (fi g ure 1). The 
pr oje ct c o nsists of i m proving the e xisti n g c ha n nel fro m its con
flue nce with the Miss o uri River u pstrea m for a p pro xi m ately 12 
ri v er miles ( plate 1).

2. A m ajor p orti o n of the pr oje ct is in a hig hly c o n geste d 
i n d u strial area with nu merous str e et, hig h way, and railr o a d 
bri d g es. Space p er mitti n g, the i m proved c ha n nel would c o nsist of 
an e art h-c ut se cti o n with ri pra p as re q uire d. In m ore-c o nfine d 
areas the c ha n nel would be a roc k s h ell se cti o n with ste e p er side 
slo pes and narro w er top width. A c o n crete-li n e d c ha n nel would be 
pro vide d i n the vici nit y of the Ar mco r olli n g mill where ri g hts- 
of- way are n ot a v aila ble f or an e art h-c ut or roc k s h ell s e cti o n.

3. The c ha n nel i m prove ments were desig ne d f or a disc h ar g e of 
35,000 cfs with a c oin cid e nt 1 0- year-fre q ue nc y flo o d on th e 
Miss o uri River. The desig n disc harge re prese nts a p pro xi m ately a 
3 0- y ear-f req uency flo o d. The w ater s urfa c e pr ofile used f or 
desig n of the pr oje ct was based on a ste p- m eth o d e nerg y bala nce 
c o m p utatio n w hich c o nsidere d the Manning fricti o n fa ct or value "n" 
to ran ge fro m 0.0 1 2 i n the c o n crete-li n e d se cti o n to 0.0 6- 0.1 0 at 
ti m ber li n es or c o n geste d o verban k are as.

1



Figure



Need for Model Studies

4. The design for channel improvement of the Blue River was 
in accordance with sound engineering procedures; however, the need 
for a model study was considered essen tial due to sign ifican t 
energy dissipation  problems expected at some bridge locations with 
the possible occurrence of a hydraulic jump under certain condi-
tions. Final design configurations of the bridges affected were 
to be dictated by resu lts of the model study. The model study was 
considered essen tia l to insure the in tegrity  of the channel design 
while attempting to minimize the real estate requirements by the 
c ity  of Kansas City.
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PART II: THE MODEL

Description

5. Constructed to a scale ratio of 1:40, the model included 

the 3,443-foot-long concrete-lined channel section adjacent to 

the Armco rolling mill, 4,322 feet of rock shell channel, 609 feet 

of grouted riprap channel followed by 2,397 feet of rock shell and 

earth-cut channel, and the overbank flow area in the Armco rail 

yard adjacent to the concrete channel. The reach modeled con-

tained 11 bridges and the Independence Avenue overpass in the rail 

yard. The area was bounded by high ground and buildings of the 

steel mill that acted as principal flow boundaries. The main 

study area was at bridges B-5 and B-6, which were located at the 

downstream end of the concrete channel. The bridges had large 

skewed piers in the channel and were located in the middle of a 

curve that extended into the riprapped channel downstream. 

Details of the model as originally studied are shown on photo-

graphs 1 through 11 and plates 2 and 3.

6. The model was supported by wood or steel stringers between 

pipe and timber bents that could be adjusted vertically as 

required. The channel and overbank topography were constructed of 

concrete grout. All bridges were constructed of plastic and 

fine-finished painted wood. The section simulating the concrete- 

lined channel was slope corrected for a discharge of 35,000 cfs 

and finished with epoxy paint to compensate for the excessive 

roughness of the model. The rock shell channel was roughened with 

concrete stipple and small rock, and brushy overbank areas were 

roughened with cubes of rubberized hair (photograph 9). All 

buildings were made of styrofoam blocks that were cut to shape.
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7. The model was c a l ib r a te d  by vary in g  the roughness o f each 

reach so the water su r fa c e  slo p e  with the d esign  d isch arg e  condi-

tio n  (35 ,000  c f s  with ta i lw a te r  co in cid en t to 10-year floo d  on the 

M isso u ri R iv er) reproduced the w ater su r fa c e  computed fo r  th a t 

reach (p la te  4 ) .  The s lo p e  c o rre c tio n  in corp orated  in to  the 

con crete  channel reaches was s l i g h t ly  g re a te r  than requ ired  and 

th ese  reaches were roughened with sm all g ra v e l (photograph 12) to  

reproduce the computed water su r fa c e *  Model o p e ra tio n  p r io r  to 

t e s t in g  in d ica te d  th at the l e f t  bank t r a n s i t io n  from earth  cut to 

rock s h e l l  upstream  o f b r id g e  B-10 and the r ig h t  bank alinem ent 

upstream  o f b ridge  B-6 caused flow se p a ra tio n  (photograph 13 ). 

The abrupt bank se c t io n s  were redesign ed  and in co rp o rated  in to  the 

model as shown on p la te s  2 and 3 and con sidered  p art o f the o r i g i -

nal design  fo r  t e s t in g .

S c a le  R e la t io n sh ip

8 . The requ ired  s im ilitu d e  o f the models to the p ro to type was 

obtain ed  with the fo llow in g  s c a le  r e la t io n sh ip  based on the Froude 

model law :

Dimensions R atio S c a le  R e la t io n sh ip

Length Lr  = Lr 1:40

Area Ar = Lr 2 1:1600

V e lo c ity Vr = L l/2 1 :6 .3 2 5

Time

C
M

 

«—
iV

-i

IIU
H 1 :6 .3 2 5

D ischarge Qr = l ! /2 1 :1 0 ,1 1 9

Roughness Nr  = Lr ! / 6 1 :1 .8 4 9

5



PART I l l s  TESTS AND RESULTS 

O rig in a l D esign

G eneral Flow C onditions

9 . T e sts  were accom plished to observe gen era l flow con d itio n s

in  the model with r iv e r  d isc h a rg e s  o f 10 ,000 , 20 ,000 , 35,000 

(d e sig n  d isc h a rg e ) , 42,000 (50-year d isc h a rg e )  and 52,800 c f s  

(100-year d isc h a rg e )  with the d esign  t a i l  water con d ition  (e le v a -

tio n  736) which re p re se n ts  the 10-year frequency M isso u ri R iver 

water su r fa c e  e le v a t io n  a t the mouth o f the Blue R iv er. The

3 5 ,0 0 0 -, 4 2 ,0 0 0 -, and 5 2 ,8 0 0 -c fs  d ich arges were a lso  observed with 

a lower than design  ta ilw a te r  con d itio n  to determ ine the a f f e c t  o f 

ta i lw a te r  con d ition s on the design  fe a tu re s  o f the Blue R iver 

p r o je c t .  For th is  l a t t e r  e v a lu a tio n , the ta i lw a te r  used in  the 

model was the minimum that p h y s ic a lly  occurred in  the model with 

u n r e s tr ic te d  outflow  fo r  the Blue R iver d isc h a rg e s  te s te d . The 

con d itio n s d ep icted  in  the model fo r the low ta ilw a te r  con d ition  

are considered  co n se rv a tiv e  because the ta ilw a te r  sim ulated  was 

a c tu a l ly  lower than that which would occur in  the prototype with 

backw ater from the M isso u ri R iv er .

10. Water su rfa c e  p r o f i le s  with the d esign  ta ilw a te r  are 

shown on p la te  5. Flow con d itio n s with d isc h a rg e s  up to 35,000 

c f s  (d esign  d isc h a rg e )  were a c ce p ta b le  with the flow g e n e ra lly  

confined w ith in  channel. Although minor floo d in g  occurred over 

low bank are a s  in  the v ic in i t y  o f ,  and downstream from, the 

grouted  r ip ra p  se c t io n , such floo d in g  in  th is  area  was con sidered  

a c c e p ta b le . Sm all, but a c c e p ta b le , ed d ies occurred at numerous 

lo c a t io n s .  F lood in g  l im i t s ,  channel v e lo c i t ie s  and flow condi-

tio n s with 35,000 c f s  flow are shown on p la te s  6 and 7 and photo-

graphs 14 through 16. The floodw all (top  e le v a t io n  744) p ro te c tin g  

the r o l l in g  m ill  along the l e f t  bank o f the channel between
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b r i d g e s B - 6 a n d B - 7 w as n ot o v e r t o p p e d.  Fl o w i n  t h e c u r v e s n e a r 

t h e u p st r e a m e n d o f t h e fl o o d w all n e a r b r i d g e s B - 7 a n d B - 7 A w as 

s u p e r e l e v a t e d 1. 4 a n d 0 . 8  f e e t, r e s p e c t i v e l y .  L o c a li z e d  a r e a s o f 

s u p e r c r i t i c a l fl o w o c c u r r e d a r o u n d t h e m ai n i n - c h a n n e l p i e r s o f 

b r i d g e s B - 5 a n d B - 6.  O v e r b a n k fl o w i n i t i a l l y  b e g a n wit h a d i s -

c h a r g e o f a b o u t 3 7, 0 0 0 c f s a n d o c c u r r e d al o n g t h e l e f t  b a n k o f t h e 

c h a n n el b et w e e n s t a t i o n s 4 7 0 + 0 0 a n d 4 9 0 + 0 0 ( b ri d g e B - 1 0 ).  E x t e n -

si v e o v e r b a n k fl o o d i n g t h r o u g h t h e r a i l  y a r d o n t h e r i g h t b a n k o f 

t h e c h a n n el b et w e e n s t a t i o n s 4 9 0 + 0 0 a n d 5 2 8 + 0 0 ( b ri d g e B - 7 ) o c c u r -

r e d wit h a d i s c h a r g e o f a p p r o x i m a t el y 4 0, 0 0 0 c f s .  Fl o w c o n d i ti o n s 

w it h a d i s c h a r g e o f 4 2, 0 0 0 c f s ( 5 0 - y e a r fl o o d ) a r e s h o w n o n p l a t e s 

8 a n d 9 a n d p h o t o g r a p h s 1 7 t h r o u g h 1 9.  T h e e n t i r e  l e n g t h o f t h e 

fl o o d w a ll a t t h e r o l l i n g  m ill w as o v e r t o p p e d.  Wit h a d i s c h a r g e o f 

5 2, 8 0 0 c f s  ( 1 0 0 - y e a r f l o o d ), t h e e n t i r e a r e a m o d el e d w as fl o o d e d. 

As s h o w n o n p l a t e s 1 0 a n d 1 1, w a t e r o v e r t o p p e d t h e r i g h t b a n k n e a r 

s t a t i o n  4 8 7 + 0 0 ( j u s t  u p s t r e a m f r o m b r i d g e B - 1 0 ) wit h v e l o c i t i e s  o f 

7 t o 8 f p s , fl o w e d o v e rl a n d t h r o u g h t h e r a i l y a r d wit h v e l o c i t i e s  

u p t o 1 1 f p s , a n d r e e n t e r e d t h e m ai n c h a n n el a t n u m e r o u s l o c a t i o n s 

b et w e e n s t a t i o n s 5 0 0 + 0 0 a n d 5 4 5 + 0 0.  P h o t o g r a p h s 2 0 t h r o u g h 2 2

s h o w fl o w c o n d i ti o n s al o n g t h e c h a n n el r e a c h.

1 1. C h a n n el fl o w w as s u b c r i t i c a l wit h a l l  d i s c h a r g e s t e s t e d  i n

t h e m o d el.  T h e m a xi m u m c a p a c i t y  o f t h e l o w -fl o w c h a n n el o f t h e 

c o n c r e t e s e c ti o n  o f t h e p r o j e c t w as  d e t e r m i n e d t o b e 3 1 5 c f s  a t

w hi c h ti m e w a t e r w as a t f u l l d e p t h n e a r t h e u p s t r e a m e n d o f t h e

1 o w -f 1 o w c h a n n e 1•

1 2.  W at e r s u r f a c e p r o f i l e s i n  t h e c h a n n el wit h t h e mi ni m u m

p o s s i b l e  m o d el t a il w a t e r a r e s h o w n o n p l a t e  1 2.  Wit h B l u e R i v e r 

d i s c h a r g e s o f 3 5, 0 0 0, 4 2, 0 0 0, a n d 5 2, 8 0 0 c f s , t h e mi ni m u m m o d el

t a il w a t e r w as 7 . 7 , 6 . 8 , a n d 6. 1 f e e t l o w e r t h a n t h e d e si g n t a i l -  

w a t e r c o n d i ti o n ,  r e s p e c t i v e l y .  Fl o w c o n d i ti o n s wit h t h e v a ri o u s

7



d is c h ar g es teste d are sho wn on plate s 13 th o u g h 18 • With the 
d esig n dis c h ar g e — 3 5,0 0 0 c fs — flo w was c o nfin e d to th e c ha n n el and 
b otto m v el o citie s i n the e art h- c ut s e cti o n bet w ee n stati o n s 555 +00 
and 577 +00 ra n ge d fro m a b o ut 8 to 19 f ps. T his was a p pr o xi m atel y 
a 4 0- p erc e nt i n cre as e o ver v el o citie s w hich o c c urre d thr o u g h t h at 
reac h with the d esi g n tail w ater c o n diti o n. O verban k flo w c o n di
ti o n s thr o u g h the r ail yar d with dis c h ar g es of 4 2,0 0 0 and 5 2,8 0 0 
cfs were si m ilar to t h ose w hic h e xiste d with the d esi g n tail w ater 
e x c e pt t h at w ater d e pt hs with th e lo w tail w ater c o n diti o n were 
a b o ut 0.5 f o ot l e s s.

Brid g es

1 3. Fle w c o n diti o ns aro u n d the n u m ero us bri d g es e xisti n g i n 
th e pr oje ct are a were of pri m ar y i nt er e st i n th e m o del st u d y. 
T ests were acc o m plis he d wit h dis c h ar g es of 3 5,0 0 0, 4 2,0 0 0, 5 2,8 0 0, 
and 7 1,0 0 0 cfs to e v al u ate eff e cts of bri d g e piers and pier m o di
fic ati o n s, d e bris acc u m ulatio ns at bri d g e o p e nin gs, and bri d g e 
f ail u r e s. T he 7 1,0 0 0- cfs dis c h ar g e was a p pr o xi m atel y th e maxi mu m 
t h at c o uld be c o ntai n e d i n the m o del and is c o nsi d ere d re pr es e nta
ti v e of t h e sta n d ar d pr oje ct flo o d f or t h at p orti o n of th e ri v er 
v alle y re pres e nte d by th e m o del.

14. With th e d esi g n disc h ar g e and tail w ater, flo w i m pin ge d on
bri d g es B-4, B-6, B-7, B-7 A, and B-1 0. Fle w c o n diti o ns at bri d g es 
B-4, B-5, B-6, and B-10 are sho wn on p h oto gra p hs 23 and 2 4.
Plate s 19 thr o u g h 25 sho w w ater s urfa c e cr oss s e cti o n s b oth up and 
d o w nstrea m fro m bri d g es B-4, B-5, B-6, B-7, B-7 A, B-8, and B-10 
f or v ari o us dis c h ar g es with th e d esi g n tail w ater c o n diti o n. 
Brid g e head l oss fro m the u pstrea m si d e of B-6 t o the d o w nstrea m 
si d e of B-5 with the d esig n disc h ar g e and tail w ater was 2 f e et and 
i n cre ase d t o 4.4 f e et with the mini mu m tail w ater c o n diti o n.

8



15. Flow con d itio n s at b r id g e s B-5 and B-6 w ith th e ir  e x i s t in g  

p ie r s  are shown in  photographs 25 and 26 and on p la te s  26 through 

29 fo r  the d esign  d isch arge  with d esign  and minimum t a i lw a t e r s .  

The cen ter p ie r  (p ie r  2) o f b r id g e  B-6 was l a r g e ,  b lunt nosed, and 

skewed to the flow near the cen ter o f the channel and the la r g e ,  

skewed r ig h t  p ie r  o f b r id g e  B-5 was in  i t s  wake. The maximum 

water su rfa c e  d i f f e r e n t i a l  s id e  to s id e  on the B-5 b rid ge  p ie r s  

was 9 fe e t  with d esign  t a i l  water and 11 f e e t  with minimum t a i l -  
w ater.

16. Due to the flow impingement and a p o te n t ia l  fo r  d e b r is  

buildup on the b r id g e s ,  t e s t s  were accom plished to determ ine the 

e f f e c t  o f f a i lu r e s  o f b ridge  B-4 and B-10 upon channel flow condi-

t io n s . T e s ts  were accom plished with the b r id g e s  e ith e r  on th e ir  

s id e  (photograph 27) or in  an u prigh t p o s it io n  (photograph 28) 

w ith in  the channel. Flow co n d itio n s in  the immediate v ic in i t y  o f 

the b r id g e s with the d esign  d isch arge  and ta i lw a te r  are shown in  

photographs 29 and 30. Water su r fa c e  p r o f i l e s  with the b r id g e s 

e ith e r  on th e ir  s id e s  or u p righ t in  the channel are shown on 

p la te s  30 and 31, r e s p e c t iv e ly .

R iprap  P ro te c tio n

17. The model was used to v e r i fy  the r ip ra p  d esign  between

s t a t io n s  552+64 and 564+70 (100 fe e t  downstream from b rid ge  B -4 ) . 

The model r ip r a p ,  which had a s p e c i f i c  g r a v ity  o f 2 .64  and was 

graded to sim u late  the p ro to type design  g ra d a t io n , was p laced  on 

the IV to 3H s id e  s lo p es with a th ick n ess o f 24 in ch e s. The 

u nprotected  channel bottom was modeled as a moveable bed o f pea 

g r a v e l .  The c r i t e r i a  used to ev a lu a te  r ip ra p  perform ance was th at 

i t  must w ithstand a d isch arg e  o f a t l e a s t  52,800 c f s  (100-y ear 

f lo o d )  with the minimum ta i lw a te r  con d ition  sim ulated  in  the 

model. The fo llo w in g  th ree r ip ra p  s iz e s  were t e s te d :  18-inch
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(D^q =11.5 inch), 21-inch (Dj-q =12.6 inch), and 24-inch 

(D^q =15.9 inch). With a l l  three s iz e s  te s te d , rip rap  fa i lu r e  

occurred near the l e f t  abutment of bridge B-4 (photograph 31). 
The d ischarges at which the f a i lu r e  occurred were 54,000, 70,000, 

and 71,000 c fs  fo r  the resp ectiv e  18-, 21- and 24-inch rip rap  
s i z e s .

18. The o r ig in a l design was for grouted rip rap  in  the channel 
between s ta tio n s  546+55 and 552+64. However, lo o se ly  placed 
18-inch rip rap  was sim ulated in  the model between s ta tio n s  549+64 

and 552+64 and su c c e ss fu lly  withstood d isch arges up to 71,000 c fs  
with minimum ta ilw a te r .
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M o d if ic a tio n s  T es ted

Channel

19. W idening o f  th e  channel downstream from s ta t io n  572+00 

(b r id g e  B-3) was e v a lu a te d  as a method o f red u c in g  w ater s u r fa c e  

e le v a t io n s  a t b r id g e s  B-5 and B-6. The widened channel was simu-

la te d  in  th e  model by red u c in g  ta i lw a te r  a t  s t a t i o n  550+00. T e s ts  

were accom plished  w ith  th e  ta i lw a te r  reduced  to  computed e le v a -

t io n s  o f 740.0  and 745.0  f e e t  (1 .3  f e e t  below the  d es ig n  t a i l -  

w a te r)  fo r  d isc h a rg e s  o f 35,000 and 52,800 c f s ,  r e s p e c t iv e ly .  

T h is  s im u la ted  channel w idening r e s u l te d  in  a 0 .6 - fo o t re d u c tio n  

in  w ater su rfa c e  e le v a t io n  j u s t  upstream  from b rid g e  B-6 ( p la t e  

32 ).

20. The o r ig in a l  channel d es ig n  a t  b rid g e  B-3 in c lu d e d  

r e lo c a t io n  o f an e x i s t in g  Armco m ill  roadway p ass in g  b en ea th  th e  

r ig h t  span o f the  b rid g e  (pho tograph  11 ). As shown on p la te s  33 

and 34, th e  r e lo c a t io n  had no a p p re c ia b le  a f f e c t  on flow co n d i-

tio n s  and was th e re fo re  not in c lu d ed  in  th e  f i n a l  d e s ig n .

21. The o r ig in a l  d es ig n  was m od ified  betw een s t a t io n s  546+55 

and 552+64 d u rin g  th e  model s tu d ie s  by ex ten d in g  th e  c o n c re te  

s e c t io n  from s ta t io n  546+55 to  s t a t i o n  546+85, by s h o r te n in g  th e  
t r a n s i t i o n  betw een the  c o n c re te  s e c t io n  and the r ip r a p  s e c t io n  

from 609 f e e t  to  125 f e e t ,  by red u c in g  th e  h e ig h t o f th e  l e f t  bank 

s lo p e  to  on ly  th e  e le v a t io n  o f the e x i s t in g  sewer p ip e , and by 

re p la c in g  th e  g ro u ted  r ip r a p  w ith  lo o s e ly  p laced  r ip r a p  ( p la te  35 

and photograph 32). The 2 4 - in c h - th ic k  r ip r a p  b la n k e t (2 1 -in ch  

rock on th e  upstream  100 f e e t  and 1 8 -in ch  rock  on th e  rem ainder) 

was p laced  over a 2 4 -in ch  bed o f pea g ra v e l to  s im u la te  a f i l t e r  

to e v a lu a te  the  p o te n t ia l  f o r  r ip r a p  f a i l u r e  r e s u l t in g  from le a c h -

ing  o f  the f i l t e r *  P re v io u s  t e s t s  of 18 -in ch  r ip r a p  in  the  t r a n -
s i t i o n  s e c t io n  in d ic a te d  th a t  th e  r ip r a p  would w ith s ta n d  d is c h a rg e s  

up to  71,000 c f s  (p arag rap h  18). W ith a d isc h a rg e  of 42 ,000 c f s
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and design tail water, the maximum bottom velocity measured in the 

modified channel was 13 fps and occurred near the upstream end of 

the riprapped section (plate 36). The maximum velocity was less 

than 19 fps with a discharge of 52,800 cfs and minimum tailwater. 

Failure of the riprap did not occur until velocities reached 19 

and 20 fps for the 18- and 21-inch rock, respectively. The model 

indicated that 18-inch rock was satisfactory throughout the entire 

riprapped reach of the modified channel.

Bridges

22. Due to the relatively large head loss (2 to 4.4 feet 

depending on tailwater) which occurred between bridges B-5 and B^6 

with design discharge, primary attention was devoted to improving 

flow conditions through this reach of the channel. Various pier 

nose shapes and guide vanes were tested on the existing piers of 

the two bridges. Although the pier nose modifications created 

some localized flow improvement, none created major improvement 

across both bridges. With the original-design channel geometry, 

removal of the bridge piers from the flow decreased the head loss 

between bridges B-5 and B-6 to 0.5 and 1.9 feet at design dis-

charge with design and minimum tailwater, respectively. With the 

center pier of bridge B-6 modified to include two circular col-

umns, the head loss across bridges B-5 and B-6 with design condi-

tions was only reduced 0.3 foot from that which occurred with the 

existing pier. The modification resulted in reducing the water 

level differential from side to side of the bridge piers from 9 to 

6 feet at bridge B-5 and from 5 to 2 feet at bridge B-6, as 

compared to the original-design pier shape.

23. Following the channel modification discussed in paragraph

21, further studies were accomplished to evaluate flow improvement 

modifications at bridges B-4, B-5, and B-6. Water surface pro-

files in the modified channel from downstream of bridge B-4 to
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upstream  o f b ridge  B-6 were determ ined with the e x i s t in g  b r id g e s  

(p la t e  37) and with v ario u s com binations o f b r id g e  m o d ific a t io n s  

in c lu d in g  (1) improvement (photograph 33) and removal o f p ie r s  at 

b r id g e s  B-5 and B -6, (2) ad d itio n  o f end spans at b r id ge  B-4

(photograph 3 4 ), and (3 ) a d d itio n  o f stream lin ed  cowls on the

upstream  bottom g ird e r  o f the b r id g e s . P la te s  38 through 44 and

photographs 35 through 43 show water su rfac e  p r o f i l e s  and flow

con d itio n s with the v ario u s improvements te s te d  in  the model. As 

shown in  ta b le  1, the la r g e s t  d ecrease  in  water le v e l  upstream  of 

b rid ge  B-6 (2 .2  fe e t  at design  d isc h a rg e )  r e su lte d  when the p ie r s  

o f  b r id g e s B-5 and B-6 were removed from the flow . M o d ifica tio n  

o f the B-5 and B-6 b rid ge  p ie r s  was a lso  r e l a t iv e ly  su c c e s s fu l  in  

d ec re a sin g  water le v e ls  upstream  o f b ridge  B-6. N either ad d itio n  

o f end spans to b r id g e  B-4 nor stream lin in g  the upstream  bottom 

g ird e r  o f the three b r id g e s with 3 .5  fe e t  ra d iu s  qu arter-round 

se c t io n s  were e f f e c t iv e .  Cross s e c t io n a l  v e lo c ity  d i s t r ib u t io n  

through b r id g e s B-5 and B-6 w ith the d esign  d isch arge  (d e sig n  and 

minimum t a i l  w ater) with b ridge  p ie r s  removed from the flow and 

with the b ridge  B-6 p ie r  improved i s  shown on p la te s  46 through 

48. The w ater su r fa c e  p r o f i l e s  along both s id e s  o f b r id g e s  B-5 

and B-6 b rid ge  p ie r s  with the B-6 p ie r  improvement are shown on 

p la te s  49 and 50 fo r  the design  d isch arg e  con d ition  with design  

and minimum ta i lw a te r ,  r e s p e c t iv e ly .  P la te  51 i l l u s t r a t e s  the 

b r id g e  B-4 c r o s s - s e c t io n a l  w ater su r fa c e  p r o f i l e  with end spans 
added to the b r id g e .
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PART IV: SUMMARY

24. A 1 2 4 0 - sc a le  model was used to v e r i fy  d esign  o f the 

proposed Blue R iver channel improvement p r o je c t .  The model 

sim ulated  a len gth  o f approxim ately  10,770 fe e t  o f channel and 11 

b r id g e s with p ie r s  and abutm ents.

25. I n i t i a l  t e s t s  revealed  th at la rg e  head lo s s e s  occurred 

through the channel reach between b r id g e s  B-5 and B-6. V arious 

b ridge  p ie r  m o d ific a tio n s were te s te d  to improve th is  condi-

t io n — the most su c c e s s fu l  being removal o f the b rid ge  p ie r s  from 

the flow .

26. M oveable-bed m odeling was used to ev a lu a te  the a b i l i t y  o f 

the d esign  r ip ra p  to w ithstand d esign  flow c o n d itio n s. The model 

showed that the r ip ra p  s iz e  proposed was s a t i s f a c t o r y  and 

in d ic a te d  areas where grouted  r ip ra p  could be rep laced  with 

lo o se ly  placed  r ip r a p .
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TABLE 1

DECREASE IN WATER LEVEL UPSTREAM FROM 

BRIDGE B-6 RESULTING FROM 

VARIOUS BRIDGE MODIFICATIONS

D ecrease from e x i s t i n g ,  f e e t

M o d if ic a t io n D isc h a rg e , c f s

35 ,000 4 2 ,0 0 0 52 ,800

B -4 , added end sp an s 0 .2 0 .4 0 .2

B-4 end sp a n s ; B-5 and B-6 
p ie r  m o d if ic a t io n 1.0 0 .9 1.0

B-5 p ie r  m o d if ic a t io n 0 .6 0 .8 0 .4

B-6 p ie r  m o d if ic a t io n 0 .8 0 .6 0 .2

B-5 and B-6 p ie r  m o d if ic a t io n 0 .9 0 .9 0 .5

B-5 and B-6 p ie r  removed 
from flow 2 .2 2 .8 3 .6

B -4, B -5 , B-6 cowled g ir d e r 0.1 0 .2 —

B -4 , B -5 , B-6 cowled g i r d e r ;  
B-5 and B-6 p ie r  m o d if i-
c a t io n

-

0 .8 1.0 0 .7

TABLE 1



Looking downstream

Looking upstream

Photograph 1. Blue River Channel model (before final
roughness adjustment for verification, 
bridge superstructure removed to show 
piers)



Photograph 2. Bridge B-10 and adjacent channel
Electric furnace building in background 
(upper right)
(Before final roughness adjustment for 
verification)



Photograph 3. Bridges B-9 and B-9A and adjacent channel
(before final roughness adjustment for 
verification)



Independence Avenue overpass and railyard 
Looking downstream

Bridges B-7B and B-8 (Independence Avenue) 
and adjacent channel and overbank, 

Independence Avenue overpass in background

Photograph 4. Station 512+00 to 522+00 (before final 
roughness adjustment for verification)



Transition in left center, bridges B-9 and B-9A 
and rock shell channel in foreground, electric 

furnace building in center

Transition and adjacent overbank

Photograph 5. Transition from rock shell to concrete
channel (before final roughness adjustment 
for verification)



L o o k i n g  d o w n s t r e a m

L o o k i n g  u p s t r e a m

P h o t o g r a p h  6 . B r i d g e s  B - 7 B  a n d  B - 8  a n d  a d j a c e n t  c h a n n e l



Photograph 7. Bridges B-7 and B-7A and adjacent channelr 
rolling mill building and flood wall on 
left bank (right side of photographs) 
(before final roughness adjustment for 
verification)



After verification of channel

Before verification of channel

Photograph 8. Bridges B-5 and B-6 and adjacent channel



at downstream end of concrete channel



After verification of channel

Before verification of channel

Photograph 10. Bridge B-4 and adjacent channel



Looking downstream

Looking upstream

Photograph 11. Bridge B-3 and adjacent channel



Photograph 12. Verified concrete channel at station
535+00, rolling mill building and flood 
wall in foreground



Photograph 13. Flow conditions along right bank at station 541+00 (upper left)
prior to realignment of bank and at bridges B-5 and B-6. 
Discharge of 35,000 cfs with Missouri River at 10-year discharge



Upstream from bridge B-10

From bridge B-10 to B-8

Photograph 14. Flow conditions with discharge of 35,000 cfs
and Missouri River at 10-year discharge



From bridge B-8 to B-7

From bridge B-7 to B-6

Photograph 15. Flow conditions with discharge of 35,000 cfs
and Missouri River at 10-year discharge



From bridge B-6 to B-4 At bridges B-4 and B-3

Photograph 16. Flow conditions with discharge of 35,000 cfs and Missouri River
at 10-year discharge



Upstream from bridge B-10

From bridge B-10 to B-8

Photograph 17. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge



From bridge B-8 to B-7

From bridge B-7 to B-5

Photograph 18. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge



From bridge B-5 to B-4

Photograph 19. Flow conditions with discharge of 42,000 cfs
and Missouri River at 10-year discharge

At bridges B-4 and B-3



Upstream from bridge B-10

From bridge B-10 to B-8

Photograph 20. Flow conditions with discharge of 52,800
cfs and Missouri River at 10-year 
discharge



From bridge B-7 to B-5

Photograph 21. Flow conditions with discharge of 52,800 cfs
and Missouri River at 10-year discharge

From bridge B-8 to B-7



From bridge B-5 to B-3

At bridge B-4

Photograph 22. Flow conditions with discharge of 52,800 cfs
and Missouri River at 10-year discharge



Bridge B-4

Bridges B-5 and B-6

Photograph 23. Flow conditions with discharge of 35,000 cfs
and Missouri River at 10-year discharge



Bridge B-10

Photograph 24. Flow conditions with discharge of 35,000
cfs and Missouri River at 10-year 
discharge



Looking downstream

Looking upstream

Photograph 25. Flow around existing piers of bridges B-5
and B-6, discharge of 35,000 cfs with 
Missouri River at 10-year discharge



Looking downstream

Looking upstream

Photograph 26. Flow around existing piers of bridges B-5
and B-6, discharge of 35,000 cfs with 
minimum tailwater



Bridge B-4

Bridge B-10

Photograph 27. Bridges swept from piers into channel on
their sides



Bridge B-4

Bridge B-10

Photograph 28. Bridges swept from piers into channel in
upright position



Bridge B-4

Bridge B-10

Photograph 29. Bridges swept from piers into channel on
their sides. Discharge of 35,000 cfs with 
Missouri River at 10-year discharge.



Bridge B-4

Bridge B-10

Photograph 30. Bridges swept from piers into channel in
upright position. Discharge of 35,000 cfs 
with Missouri River at 10-year discharge.



Looking downstream

Looking upstream

Photograph 31. Failure of 18-inch riprap at left abutment
of bridge B-4 after a discharge of 54,000 
cfs with minimum tailwater



Photograph 32. Revised transition and channel at downstream
end of concrete channel. Looking downstream, 
superstructure of bridge B-5 removed.



Existing

Proposed revision

Photograph 33. Piers of bridges B-5 and B-6. Looking
downstream, bridge B-6 in foreground.



Photograph 34. Revised bridge B-4 (end spans added) looking 
downstream



Discharge 35,000 cfs

Discharge 52,800 cfs

Photograph 35. Flow conditions at bridges B-5 and B-6
with piers removed from channel, Missouri 
River at 10-year discharge (flow shown 
from top to bottom of photographs)



' 16-

D i s c h a r g e  3 5 , 0 0 0  c f s

D i s c h a r g e  5 2 , 8 0 0  c f s

P h o t o g r a p h  3 6 .  F l o w  c o n d i t i o n s  a t  b r i d g e s  B - 5  a n d  B - 6  w i t h
r e v i s e d  p i e r s  o f  b r i d g e  B - 5  a n d  e x i s t i n g  
p i e r s  o f  b r i d g e  B - 6 .  M i s s o u r i  R i v e r  a t  1 0 -  
y e a r  d i s c h a r g e .



Discharge 35,000 cfs

Discharge 52,800 cfs

Photograph 37. Flow conditions at bridges B-5 and B-6 with
revised piers of bridge B-6. Missouri River 
at 10-year discharge.



With existing bridge B-4

With revised bridge B-4

Photograph 38. Flow conditions at bridges B-5 and B-6 with
revised piers of both bridges. Discharge of 
35,000 cfs with Missouri River at 10-year 
discharge.



With existing bridge B-4

With revised bridge B-4

Photograph 39. Flow conditions at bridges B-5 and B-6 with
revised piers of both bridges. Discharge of 
52,800 cfs with Missouri River at 10-year 
discharge.



With existing bridge B-4

With revised bridge B-4

Photograph 40. Flow conditions at bridges B-5 and B-6
with existing piers, discharge of 42,000 
cfs with Missouri River at 10-year 
discharge



With existing bridge B-4

With revised bridge B-4

Photograph 41. Flow conditions at bridges B-5 and B-6 with
existing piers. Discharge of 52,800 cfs 
with Missouri River at 10-year discharge.



Discharge 35,000 cfs Discharge 42,000 cfs Discharge 52,800 cfs

Photograph 42. Flow conditions with streamlining cowl on bottom girder of
bridge B-4. Missouri River at 10-year discharge.



Discharge 35,000 cfs

Discharge 52,800 cfs

Photograph 43. Flow conditions at bridges B-5 and B-6 with
streamlining cowl on bottom girders of 
bridges B-4, B-5, and B-6. Missouri River 
at 10-year discharge.



Looking downstream

Looking upstream

Photograph 44. Flow conditions at bridges B-5 and B-6 with
revised pier 2 of bridge B-6. Discharge of 
35,000 cfs with Missouri River at 10-year 
discharge.
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FLO O D IN G  L I M I T S , TYP ICA L F O R  
P L A T E S  7 T H R U  I I  AND P L A T E S  
I S  T H R U /6

VELOCITIES
RIVER DISCHARGE 35 000 CFS 

MISSOURI R IVER AT 10-YEAR DISCHARGE

(SHEET I OF 2)
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LEGEND
14 ----------
----  VELOCITIES IN FPS

T 3-FT DEPTH 
B 3 FT ABOVE BOTTOM 

740.6« WATER-SURFACE ELEVATION 

*:■**&■ CONCRETE CHANNEL 

GROUTED RIPRAP 
RIPRAP

-:W/gm EXCAVATED CHANNEL

■NOTES
1. EXISTING LOCATION OF BY-PASS ROAD AT BRIDGE B-4.
2. ORIGINAL DESIGN BIER 2 BRIDGE B-6.
3. REVISED CURVE AT RIGHT BANK STATION 541 + 00.
4. RAILROAD TRESTLE ALONG RIGHT BANK STATION 533 + 00 TO 539 + 00.
5. TOP OF WALL AT ELEVATION 744.0 BETW EEN BRIDGES B-7 AND B-6.
6. REVISED TRANSITION ON LEFT  BANK STATION 470 + 00  TO 474 +50.

VELOCITIES
RIVER DISCHARGE 35 000 CFS

MISSOURI RIVER AT 10-YEAR DISCHARGE

(SH EET  2 OF 2)

PLATE 7
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RI V E R DI S C H A R G E 4 2 O O O C F S
MI S S O U RI RI V E R A T 1 0 - Y E A R DI S C H A R G E

( S H E E T  I  O F  2 )
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S T O R M S E W E R  
O U T L E T x

C D
U \

L\

L E G E N D
----   V E L O CI TI E S  I N  F P S

T  3 - F T  D E P T H 

B  3 - F T   A B O V E  B O T T O M 

7 4 0 . 6 «   W A T E R- S U R F A C E  E L E V A TI O N 

-  C O N C R E T E  C H A N N E L 

G R O U T E D  RI P R A P 

RI P R A P

W // m &   E X C A V A T E D  C H A N N E L

N O T E S
E XI S TI N G  L O C A TI O N O F  B Y- P A S S R O A D A T B RI D G E B - 4 .

O RI GI N A L  D E SI G N  PI E R 2  B RI D G E  B - 6 .

R E VI S E D  C U R V E  A T RI G H T  B A N K  S T A TI O N  5 4 1 + 0 0  

R AI L R O A D T R E S T L E  A L O N G  RI G H T B A N K  S T A TI O N  5 3 3 + 0 0   T O  5 3 9  + 0 0. 

T O P O F W A L L A T E L E V A TI O N  7 4 4; 0  B E T W E E N  B RI D G E S  B - 7  A N D  B - 6 . 

R E VI S E D  T R A N SI TI O N  O N L E F T  B A N K  S T A TI O N  4 7 0  + 0 0   T O  4 7 4 + 5 0 .

V E L O CI TI E S

RI V E R DI S C H A R G E 4 2 0 0 0  C F S
MI S S O U RI RI V E R A T 1 0 - Y E A R DI S C H A R G E

( S H E E T 2 O F  2 )
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B 3 FT ABOVE BOTTOM 
740.6* WATER-SURFACE ELEVATION 

- ' CONCRETE CHANNEL 

*R**.'iR GROUTED RIPRAP 
RIPRAP

'W g m  EXCAVATED CHANNEL

VELOCITIES
RIVER DISCHARGE 52 800 CFS

MISSOURI RIVER AT 10-YEAR DISCHARGE

(SHEET 2 OF 2)
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VELOCITIES
RIVER DISCHARGE 35 OOO CFS 

MINIMUM TAILW ATER

¿(SHEET I OF 2)
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B 3 FT- ABOVE BOTTOM 

7 4 0 .6 *  WATER-SURFACE ELEVATION 

CONCRETE CHANNEL 

GROUTED RIPRAP 
.,-?>Yrr^ R IPRAP 

= EXCAVATED CHANNEL

VELOCITIES
RIVER DISCHARGE 35 000 CFS

MINIMUM TAILWATER

(SHEET 2 OF 2) _____
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B 3 FT ABOVE BOTTOM 
740 6 *  WATER-SURFACE ELEVATION 

CONCRETE CHANNEL 

o’ » GROUTED RIPRAP 
RIPRAP

- ■/. EXCAVATED c h a n n e l

VELOCITIES
RIVER DISCHARGE 42 000 CFS

MINIMUM TA ILW ATER
(SH EET  2 OF 2)
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B 3 FT ABOVE BOTTOM 

740 6 •  WATER-SURFACE ELEVATION 

CONCRETE CHANNEL 

o:,“:, GROUTED RIPRAP 

RIPRAP

EXCAVATED CHANNEL

VELOCITIES
RIVER DISCHARGE 52 8 0 0  CFS

MINIMUM TAILW ATER

(SHEET 2 OF 2)
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DISTANCE FROM CHANNEL CENTER LINE IN FEET

SECTION B~B

760 —

|  750—

1“
m
hi

740 —

o
—  730 —

»
Ul
- J
Ilf 720—

710 —

SECTION A -A

LOCATION OF CROSS SECTIONS

LEGEND

---------- 35 000  CFS-DESIGN DISCHARGE

---------- 42 000 CFS- 5 0 - YEAR DISCHARGE

---------- 528 0 0  CFS-100-YEAR DISCHARGE
----------7 IQ 00  CFS

WATER SURFACE CROSS SECTIONS 
BRIDGE B - 4

PLATE 19



PLATE 20



E
L

E
V

A
TI

O
N 
 

I
N 

F
E

E
T 

—
M

8
L 

E
L

E
V

A
TI

O
N 
 

I
N 

 
F

E
E

T 
—
 

M
S

L
DI S T A N C E F R O M C H A N N E L C E N T E R LI N E I N  F E E T

I S O I O O 5 0  ^
~i — - _ ._ _ * — i_ _ i_ _ ,_ _ ._ _ ,_ _ ._ _ i_ _ ,_ _ i_ _ ; 5 0 1 0 0 1 5 0

■~ l------ «------ l ._ _ _ I_ _ _ ._ _ _ I_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ L _

S C A L E

0 ____ S O  100  IS O FT

L O C A TI O N O F C R O S S S E C TI O N S

l e g e n d

---------  3 5 0 0 0 C F S - D E SI G N DI S C H A R G E

---------  4 2 0 0 0 C F S - 5 0 - Y E A R DI S C H A R G E

------ —  5 2 8 0 0   C F S - 1 0 0 - Y E A R DI S C H A R G E W A T E R S U R F A C E C R O S S S E C TI O N S
---------  7 1 0 0 0 c f s  B RI D G E B - 6
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D I S T A N C E  F R O M C H A N N E L C E N T E R LI N E  I N  F E E T

1 5 0  1 0 0  , \  , 5 0  ^ _ _ _ 1 0 0

0 ______ 50  100  150 FT

L O C A TI O N O F C R O S S S E C TI O N S

L E G E N D

-----------   3 5  0 0 0   C F S - D E S I G N   DI S C H A R G E

-----------   4 2  0 0 0   C F S -  5 0 - Y E A R   DI S C H A R G E

-----------   5 2 8 0 0   C F S - 1 0 0 - Y E A R   DI S C H A R G E W A T E R S U R F A C E C R O S S S E C TI O N S
------- 7i o o o c f s  B RI D G E B - 7
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7 6 0  —

7 5 0 —

7 4 0 —

7 3 0 —

7 2 0 -

7 1 0 — 3

DI S T A N C E F R O M C H A N N E L C E N T E R LI N E I N F E E T

S E C TI O N B- B

S E C TI O N A- A

S C A L E

0  5 0  1 0 0  1 5 0 F T

L O C A TI O N O F C R O S S S E C TI O N S

L E G E N D

- - - - - - - -  3 5  0 0 0   C F S - D E S I G N   D I S C H A R G E

- - - - - - - -   4 2 0 0 0   C F S - 5 0 - Y E A R   D I S C H A R G E

- - - - - - - -  5 2  8 0 0   C F S - 1 0 0 - Y E A R  D I S C H A R G E W A T E R S U R F A C E C R O S S S E C TI O N S
■------- 7i o o o c f s  B RI D G E  B- 7 A
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100

DISTANCE FROM CHANNEL CENTER LINE IN FEET 

50  ̂ 50
— I-------1-------1____.___ L-S- — I____ 1____ I____ I____1____ I 

o
SCALE

50 100 150 FTs

LOCATION OF CROSS SECTIONS

LEGEND

----------  35  0 0 0  CFS-DESIG N DISCHARGE

---------- 42 0 0 0  C F S -5 0 -Y E A R  DISCHARGE

- --------  52 8 0 0  C F S -100-Y E A R  DISCHARGE WATER SURFACE CROSS SECTIONS
------- 7iooo c f s  BRIDGE B -8
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BRIDGE B-6 PIER I

BRIDGE B -5

ORIGINAL PIER DESIGN

LE.S..ENP
—  AVERAGE WATER SURFACE ALONG RIGHT SIDE PIER 
— —  AVERAGE WATER SURFACE ALONG LEFT SIDE PIER 

CONCRETE CHANNEL 
GROUTED RIPRAP

WATER SURFACE PROFILE 
BRIDGES B-5 AND B -6  

RIVER DISCHARGE 35 000 CFS 
DESIGN TAILWATER
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PLATE 31



W A T E R S U R F A C E P R O FI L E A L O N G C E N T E R LI N E

E F F E C T  O F  WI D E R  D O W N S T R E A M  

C H A N N E L A T B RI D G E S  B - 5  A N D B - 6
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S T O R M S E W E R  
O U T L E T .v

A R E A

1 4

L E G E N D

V E L O CI TI E S  I N F P S 

T  3 - F T D E P T H 

B  3 F T A B O V E  B O T T O M

F L O W C O N DI TI O N S
S T A TI O N S 5 4 7 + 0 0 T O 5 6 3 + 0 0 

R E VI S E D RI P R A P P E D C H A N N E L
RI V E R DI S C H A R G E  4 2  0 0 0  C F S 

D E SI G N  T AI L W A T E R
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PLATE 40



540+00 550+00 560+00

STATION ALONG CENTER LINE OF MODEL

WATER SURFACE PROFILE ALONG CENTER LINE 
EXISTING PIERS AT BRIDGES B-5 AND B-6 

REVISED BRIDGE B -4
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STATION ALONG CENTER LINE OF CHANNEL

WATER SURFACE PROFILE ALONG CEN TER LINE 
MODIFIED PIERS AT BRIDGES B -5 AND B -6  

REVISED BRIDGE B -4
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SECTION A-A  

BRIDGE B-6

SECTION B-B  

BRIDGE B-5

(4
LEGEND

VELOCITIES IN FPS 
-3  UPSTREAM VELOCITIES IN FPS  

T 3 -F T  DEPTH 
B 3 -F T  ABOVE BOTTOM 

743.06« WATER-SURFACE ELEVATION FT 
CONCRETE CHANNEL 

£ £ £ £  GROUTED RIPRAP

PIERS REMOVED

FLOW CONDITIONS
BRIDGES B -5  AND B -6  

RIVER DISCHARGE 35 000 CFS 
DESIGN TAILWATER
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SECTION B -B  

B RIDG E B -6

SECTION D-D  

BRIDGE B-5

LEGEND
VELOCITIES IN FPS 

-3  UPSTREAM VELOCITIES IN FPS  

T 3-FT  DEPTH 
B 3-FT  ABOVE BOTTOM 

743.06 •  WATER-SURFACE ELEVATION FT 
CONCRETE CHANNEL 
GROUTED RIPRAP

ALTERNATE PIER 2 DESIGN 
BRIDGE B -6

FLOW CONDITIONS 
BRIDGES B-5 AND B -6  

RIVER DISCHARGE 35 OCX) CFS 
MINIMUM TAILWATER
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DI S T A N C E F R O M C H A N N E L C E N T E R LI N E I N F E E T

L E G E N D

--------------- 4 2 0 0 0 C F S - 5 0 - Y E A R  DI S C H A R G E

---------------- 5 2 8 0 0 C F S-I O O- Y E A R DI S C H A R G E W A T E R S U R F A C E C R O S S S E C TI O N S 
R E VI S E D B RI D G E  B - 4
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