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COLORADO STATE UNIVERSITY 

EXPERIMENTAL RAINFALL- RUNOFF FACILITY 

Initial Data Analyses 

The first series of experim ental runs were performed during Sept. 

a nc.l Oct., 196 9. The primary objective of t hese experiments was to test 

the hypothesis that the kinematic wave equations are an adequate math e ­

matical model for overland flow on a linearly converging surface. A second 

objective was to investigate the effect of spatialiy non-uniform roughness 

o n the watershed response. The experimental runs completed in 196 9 are 

listed in Table I. 

The mathematical model upon which the data analysis is based is 

the kinematic model for overland flow on a converging surface (Woolhiser, 

1969). A definition sketch of the problem is shown in Fig. ( 1). The equations 

describing converging overland flow are: 

The co ntinuity equation: 

uh oh 
at+ 

o uh 
0 X = q + ( L

0 
- x) 

And the friction relationship 

u = ohN- i 

( 1) 

( 2) 

where u is the local velocity, h is the local depth L is the radius, q is the 
0 

later al inflow rate and o and N are parameters. If the Chezy formula is 

used a = cV's; and = 3/2 when S
0 

is the slope and C is the Chezy 

coefficient. 
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Figure 1. Geometry of Converging Section . 
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where Q,:, is the dimensionless discharge , r i s the covergence para meter, 

X is the origin of a characteristic b eginning at, th e tim e inflow stops in 
0 

the rerrion O< X < 1 t ' is the time aft e r 1ateral inL , w ::;tops until a 
~ 0 , >',< 

discharge Q,:, appe ars at the downstream boundary and N is 3/2 for the Chezy 

equation. This recession hydrograph is shown in Fig . ( 2). In Fig . ( 2) 

1 1 1 
note that t,:, = 1 when Q,:, = 0. 76, t,:, = 2 when Q,:, = 0. 46 and t ,:, = 3 

whe n Q,:, = O. 26. Let th e tim e after lateral inflow stops until th e dim e nsion­

less discharge Q ,,"' is r eached be designated as tQ . Then an estimate of 

* 
T

0 
is g i ven by the average: 

( 7) 

Normaliz ing times wer e computed using Eq. ( 7) and tl:.e experi-

mental e quilibrium hydrographs were normalized on t his basis . Non - dimens io nal 

experimental hydr ograph are compared with the solution to Eq. ( 3) in Fig . 3( a) 

and 3 (h). Agreement between the hydrographs appears quite good, however , 

the Chezy param ete restimated from Eq. (4) appears not to be con stant de ­

pe nding only upon the surface characteristics but appear to vary with the_ 

equilibr iu m flow rate (see Fig . 4) . This may be an indication that the 

C he zy formulation is not appropriate ove r the range of int e nsities tested. 

Undoubtedly flo w is initially laminar for all c ases and may become turbulent 

over a s ubstantial portion of the surface as flow rates inc rease . The Manning 

form ulation may g ive a more accurate representation for the rough surfaces 

and thi::; formula will b e used in future analysi s . 

The d ata analysis reporte d h erein are not complet e so no definite 

co nclu sions can be made. However, it appears that the Ki nemat ic Model 

is accurate for the converging flow case with a slope of 5 7° . The problem 



of estimating roughness parameters is an important one and will be 

investigated throughly . The size of the experimental watershed makes 

it uniqu ely suitable for studying effects of spatially variable rou ghness . 

The results from the exploratory s tudies on effects of spatial variation s 

in roughness will ass ist in the design of new experiments for next summer . 
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General Configuration 

Butyl 

Configuration I 

L = Radius from Outlet to Rim 0 

I I = 1.17' 
rlo = cos 300 : .557 

_.!:Jl. = 01063 rl - 110 . 

_.!Jl = 0163 
r2 - 72 · 

r =!Jl.. = .0325 
3 , 36 

Configuration 2 

Butyl 



Configuration 3 

Triangular Board 
Ridges Covered with 
Butyl Flap 

Openings in Artificial Ridges 
to Allow Flow 

Configuration 4 

Configuration 6 

Butyl Surface Plastic 
Flops for Ridges Laid 
Down 

Conf iguration 5 

Configuration 7 

Upper 30
1 

Covered 
with Grovel 

10 # I yd 2 

Lower 80
1 

Covered 
with Butyl 



Alternate Strip 
Pa ttern of 
Grove l 
20 #/yd 2 

Upper 70
1 

Covered 
with Gravel 

I0#/yd2 

Cont iguration 8 

Configuration 10 

Lower 40
1 

Covered with 
Butyl 

Upper 104
1 

Covered 

Grovel 

10 # /yd 2 

Configuration 9 

Configuration 11 

Butyl Surface 
Lower 4

1 

Checker Boord 
Pattern of Grovel 

20 # I yd 2 



Random 
Gravel 
Pa tches 

20#/yd2 

Grave l 

20#/yd 2 

30° 

Configurat ion 12 

Configuration 14 

Random 
Gravel 
Patches 

11 0 

20#/ yd 2 

20#/yd 2 

Gravel with 
Stream Pattern 
Cleared in Gravel 

10 ° Sector of 30° 
Sector 

Configurat ion 13 

Cont igurat ion 15 



Run No. 

8A 
8B 

9 

10 

llA 

llB 

12 

13 

l!. 

15 

16 

17 

TABLE I 

Colorado State University 
Experimental Rainfall-Runoff Facility 

EXPERIMENTAL RUNS COMPLETED 

'>'<Configura ti on Surface Intens ity Duration-Secs. 

1 Butyl RYBG 300 
RYBG 45 
RYBG 600 

R 30 
R 60 
RY. 60 

1 Butyl RYG 60 
R 60 
RY 60 
R 30 

RYB 60 
1 Butyl RYB 60 

RY 60 
R 60 
G 328 1 Butyl G 

90 

1 Butyl G 10 
G 900 

R 10 
R 60 

1 But¥+ RY 60 
RYG 60 
RYB 60 

R 20 
RYB 60 

1 -Butyl RY 60 
RYB 60 

R 15 
RYB 60 

1 Butyt RY 60 
RYB 60 

2 Butyl RY 300 

y 135 
y 600 

2 Butyl y 20 
y 45 
y 15 
y 300 

Remarks 

Nozzle Pre ssure 
variation si gnifi-
cant factor . 

Few secs of B rathc 
than G a t star t of 
llB. 

5mph wind 

Wind y day ; tes t 
stillin we ll LJ • 

/ 



2 
I 

I~ \II, ~ o . ·kConfigura tion Surface ·Intensity Dura tion-Secs. Rema rks 

L8 RY 30 
RY 300 

2 Butyl RY 75 
RY 300 

19 RYG 20 
RYG 380 
RYG 60 
RYG 300 

20 RYGB 10 
RYGB 300 Ve ry poor respons e . 2 Butyl RYGB 60 
RYGB 300 

21 RY 35 
RY 300 

3 Butyl RY 75 
RY 300 

22 RYG 22 
3 Butyl RYG 300 

RYG 75 

23 RYGB 14 
3 Butyl RYGB 300 

RYGB 75 

24A RY 30 Prob lem with stora ge be-
RY 720 hind the border; should be 

24B 4 Butyl RY 30 filled with the wet down 
RY 300 stage. Board ridges cover -

24C RY 30 ed with butyl flap & 

RY 720 center opening. 

25 RYG 20 Board rid ges covered with 
4 Butyl RYG 72u Buty l flap & center 

RYG 120 opening . 

26 R 20 Plastic flaps laid down. 
5 Butyl R 3UU 

R 20 
R 90 

27 RY 30 Plastic flaps laid down. 
5 Butyl RY 300 

RY 90 

28 RYG 20 Plastic flaps laid down . 
RYG 300 

5 Butyl RYG 10 
RYG 75 

29 R 85 Plastic fl aps laid down. 
R 300 

6 Butyl R 15 
R 90 



3 
I 

,'.' !11 No . *Con f iguration Surface 
. 
Intensity Duration - Secs. Rema r ks -

30 6 Butyl RY 360 Wind calm . 
RY 90 

31 6 Butyl RYG '\('0 Surfac e wet 
RY 75 eva poration no we t 

down . 

'\2 
6 Butyl RYBG 300 No wet down needed 

RYBG 45 

33 7 Gravel & R 420 Gravel 2for top JO ' 

But 1 R 90 10#/yd 

JLr 
7 Gravel & RY 300 Gravel 2for top 30' 

But 1 RY 90 10#/yd 

35 
7 GRavel & RY 25 Gravel 2fo r t op 30 ' 

Butyl RYG 360 10#/yd 
RYG 75 

J6 7 Gravel & RYBG 10 Gravel 2for t op 30' 

Butyl RYBG 240 10:/f/yd 

RYBG 45 
37 8 Gravel & R 420 Gravel 2for t op 70' 

Butyl R 120 
10#/yd 

38 8 Gravel & RY 60 Gravel 2for t op 70' 

Butyl RY 120 10#/yd 

39 8 Gravel & RYG 360 Grave l 2fo r t op 70' 

But 1 RYG 90 10#/yd 

40 8 Gravel & RYGB 300 Grave l 2for t op 70' 

Butyl RYGB 60 10#/yd 

41 
9 Butyl & R 120 10#/yd for top 104 ' 

Gravel R 120 Little or no wind . 

Lr2 9 Bu t y l & RY 480 10/1/yd top 104 I 

Gravel RY 120 

43 9 Butyl & RYG 360 10#/yd for top 104 I 

Gravel RYG 90 wind calm 

44A Butyl & RYGB 300 10#/yd for top 104 ' 
9 Gravel RYGB 60 Run f oul ed up 

4LrB RYGB 60 

45 10 Butyl & RYG 365 partia 1 that becom s 

Gravel RYG 720 equili brium 
RYG 210 
RYG 75 

46 10 Butyl & RYBG 300 
Gravel RYBG 90 

4 7 10 Butyl & RY 36 0 
Gravel RY 120 

I 
I 
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Run No" ~'<'Configuration Surface !Intensity Duration Remarks 

48 
10 

Butyl & R 420 
Gravel R 120 

49 
11 

Butyl & RYG 720 
Gravel RYG 90 

50 
11 

Butyl & R 420 Repeat partial equili-
Gravel R 120 brium 

R 120 

5] 
11 

Butyl & RY 360 
Gravel RY 120 

52 l ' Butyl & RYBG 305 
Gravel JtYBG 90 

53 
12 Butyl & R 540 

Gravel R 120 

54 
12 

Butyl & RY 360 wind ca l n-Gravel RY 10 
RY 120 

55 
12 

Butyl & RYG 10 
Gravel RYG 300 

RYG 10 
RYG 90 

56 
12 Butyl & ~YGB 10 

Gravel 
rGB 

300 
90 YGB 

57 
13 

Butyl & ;, R 420 
Gravel R 120 

~ 
11 

58 
13 B4tyl & J 10 

,Gravel- 360 
120 

59 
13 

Butyl & RYG 10 
Grave+ 

~YG 
300 

YG 90 

60 
13 

Butyl & RYBG 308 
' Gravel nYBG 90 

61 
14 

Butyl & ,' R 540 
Gravel R 120 

62 14 Butyl & 'RY 420 
Gravel- RY 120 

' 
63 

14 flutyl & RYG 420 
Gravel- J{YG 90 

64 
14 

Butyl 6, J{.YGB 420 
Grave} J(YGB 90 

65 
15 Butyl & R 480 

Gravel R 120 
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I 

Run No . ">'<"Configuration Surface ·Intensity Duration Remarks 

66 
15 Butyl & RY 360 

Grave l RY 120 

6 7 15 Butyl & RYG 4 20 
Gravel RYG 90 

68 
15 Buty l & RYGB 4 20 

Gravel RYGB 90 

~ See a ttached Configuration sketches at end of Table 1 . 

~ See at tached coding Table 2 a t end of Table 1 . 

Coding Scheme f or Rainfall Intensity 

CODE RAINFALL INTENSITY 

R Approx . Oo5 inches per hour 

RY Approx . LO inches per hour 
". 

RYG Approx . 2o 0 inches pe r hour 

RYGB Approx . 4 .0 inches per hour 



Equations ( 1) and ( 2) can be combined by el i minating u and written _in the 

fol lowing dimens ionles s form: 

where 

and 

i)h,:, 

at ,:, 

h,:, 

+ Nh "" 

= h ~ 
/ fo ' 

q ,:, = qlqo = 

N -1 
= q'~ 

t ,:, = Lo ( 1 - r) , 
Vo 

q L
0 

(1 - r) 

Ho Vo 

] ( 3) 

X =-~-~ 
L ( 1 - r) 

T he normalizing quantitie s are defined a s follows: H is the normal 
0 

steady - state depth at x = L ( 1- r ) V is the normal steady-state velocity at 
0 0 

:c T, (t -r), a nd J , (1 - r) is the length of the converging s ection. 
0 0 

i<.:q uation ( 3) has only o ne param et er , r, whic h i s related to the degre£ • 

uf conve r-gen ce . T his indicates that whe n r i s c onstant and if the kinematic 

mode l is adequate there will' be a unique equilibrium hy drograph if experimental 

data are normalized by dividing the discharge by the steady - state discharge 

and by dividing the observed time by a normaliz ing tim e t
0

• The normalizing 

time wiH be chosen such that it minimizes an error criterion between obse r­

ve d and compute d dim e ns ionless hydrographs. In choo sing such an optimizt•cl 

t
0 

we are in fact obtaining an o ptimized estimate of the Chezy paramet e r C 

tli ,-ough the fo llowi ng relat ionsh ip: 

( 4) 



Where Q is the steady - state discharge per foot of width at the 
0 

outlet . 

Two sets of experimental runs with different roughness but the 

same valu e of the parameter r have been analyzed so far. The series 

with a s mooth butyl surface are8B , ~, E_, and 28. The second series, runs 

41A , 42A, 43A, and 44A ,had a uniform layer of 1-1 /2 diameter gravel spread ove r 

the butyl surface at a rate of approximately 10 lbs. per square yard . 

1':xperimental runs were performed at each of four rainfall intensities 

;ind consisted of two parts: an equilibrium run to estab lished the steady -

stat e input rate and a partial equilibrium r un. Each run was 

s tarted with approximately the same initial condition by turning on the 

s prinkle rs for a short time to wet the surfac e before each test began. 

Because of tb e rapid response of the system, accu rate timing is of utmost 

i mportance. Alth ough the stage recording equipment at the H - flume 

measuring device had a time resolution of five seconds some of the early 

run s were subject to substant ial timing error s because of proc dural 

rroblems . These problems were eliminated after sufficient experience 

was gained and are not prese nt after the first ten runs. 

T O was estimated from the rec ession side of the equilibrium 

hydrographs in the following manner. The discharges were first normaliz e d 

by dividing by the steady state discharge. The analytical recession from 

l'quilibrium can be obtained in the following- param tric form 

XO [ 2-( 1-r) xo] 
(1 + r) 

Q,:, :: 
.. 

( 5) 

2 -1 2N-1 
N ( r) 

N 
t,:, t 

/ 2 - 1-r 
Xo] J ( 6) 
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