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DEFINITIONS
SBUH-Santa Barbara Urban Hydrograph 
was developed for small and median 
urban basins to generate an actual 
hydrograph. Hydraulic Manual – pg 2-13

Hydrograph- A graph of runoff rate 
past a specific point in time. 
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DEFINITIONS
Hyetograph-A graph of precipitation 
versus time.  Each time is subdivided by 
10 minutes blocks as a standard.

Time

Precip.

A hyetograph closely resemble a 
rainfall pattern.  It captures the 
precipitation pattern before it’s 
runoff. 
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Dimensionless 
Hyetograph

There are different rainfall patterns in 
the state as well as different rainfall 
patterns for seasons that change with 
time.   
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United States
Rainfall patterns

Type 1A rainfall pattern should be applied to 
everything west of the Cascades.

Type 2 rainfall pattern should be applied to 
everything east of the Cascades. 
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SBUH Computation 
Requirements

Precipitation- 24hour duration rainfall in 
the Highway Runoff Manual page 3-4 or the 
Isopluvial maps from your Hydraulic Contacts.

Contributing Areas- Basins sizes for this 
method are good under 100 acres, anything 
above 1000 acres will give you bad results

Soil Characteristics- Determination of 
soils types and locations for land cover use 
values.   This information is provided in the 
Soils Conservation Service books by counties.

Travel Time- There are 3 different types 
of flow paths when using the SBUH method
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Precipitation 

Highway Runoff Manual-pg3-4

24-H o u r D u ra tio n  R a in fa ll D e p th s  
L ocation     2 -y ear    10 -year  2 5 -y ear   100-year  
A berd een  and  H oqu iam    2 .5    3 .2    4 .0    5 .0  
A n aco rtes     1 .2    2 .0    2 .5    3 .1  
B e llin g h a m     1 .8    2 .7    3 .1    3 .8  
B rem erton     2 .5    3 .5    4 .5    5 .0  
C a th lam e t    3 .5    5 .0    5 .7    6 .8  
C en tra lia  an d  C h eh alis    2 .2    3 .0    3 .5    4 .3  
C larsto n  a n d  C o lfax    1 .4    1 .8    2 .1    2 .6  
C o lv ille      1 .4    1 .9    2 .2    2 .6  
E llen sb u rg     1 .5    2 .3    2 .7    3 .5  
E lm a     3 .0    4 .2    4 .7    6 .0  
E v ere tt     1 .5    2 .3    2 .6    3 .2  
F o rk s     5 .5    7 .5    8 .5    1 0 .0  
G o ld  B ar    3 .0    3 .5    4 .0    5 .0  
G o ld enda le     1 .5    2 .3    2 .8    3 .5  
H o ffstad t C reek     4 .5    6 .0    7 .5    9 .0  
H o o d sp o rt    4 .8    6 .6    7 .7    9 .5  
H u m p tu lip s    5 .0    6 .7    8 .0    1 0 .0  
K elso  an d  L o ng v iew    2 .5    3 .5    4 .0    5 .0  
L eav e n w o rth     1 .5    2 .0    2 .5    3 .0  
L o ng  B each     3 .0    4 .0    4 .5    5 .5  
M oses L ake     0 .7    1 .1    1 .3    1 .7  
M o u n t V erno n     1 .7    2 .6    3 .0    3 .7  
N aselle      4 .5    6 .0    7 .0    8 .5  
N o rth  B end     4 .0    5 .0    6 .0    6 .5  
O ly m p ia     2 .8    4 .3    5 .1    6 .1  
O m ak      1 .0    1 .6    1 .8    2 .2  
P a sco  an d  R ich land    0 .8    1 .3    1 .6    2 .0  
P o rt A n g e le s    2 .1    3 .1    3 .9    4 .6  
P o rt T o w n sen d     1 .0    1 .7    2 .0    2 .5  
P o u lsbo      2 .0    2 .4    3 .5    4 .0  
Q u eets     5 .2    6 .5    7 .5    9 .3  
R ay m on d     3 .5    4 .9    5 .5    6 .5  
S e attle      2 .0    2 .8    3 .4    4 .0  
S e q u im      1 .5    2 .0    2 .5    2 .8  
S h elto n      4 .0    5 .5    6 .5    8 .5  
S n o q u alm ie  P ass     5 .5    7 .0    8 .0    1 0 .0  
S p o k a n e    1 .4    2 .0    2 .2    2 .6  
S tev en s P ass    5 .0    6 .5    7 .5    9 .0  
S u m as     2 .5    3 .3    3 .8    4 .5  
S u m n er     2 .0    2 .8    3 .3    3 .9  
T aco m a      2 .0    3 .0    3 .5    4 .0  
T o led o      2 .3    3 .0    3 .5    4 .2  
V an co u v e r    2 .3    3 .0    3 .5    4 .3  
V an tage      1 .0    1 .6    1 .9    2 .3  
W alla  W alla     1 .2    1 .9    2 .0    2 .4  
W ena tchee     1 .5    2 .2    2 .5    3 .1  
W h ite  P ass    4 .5    6 .0    7 .0    8 .0  
Y ak im a      1 .0    1 .5    1 .8    2 .2  
 

F ig u re  3 -3 .1  
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Precipitation

Isopluvial Map for 2year MRI
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Threshold Discharge Areas

When delineating a basin it’s important 
to be perpendicular to the contours. 
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Threshold Discharge Areas

Urban basin delineation should be for the  
contributing area to each catch basin.
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Drainage Basin Example
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Soil Characteristics
Hydrologic Soil Groups

*Type A- Soils having high infiltration rates, even 
when thoroughly wetted, and consisting of 
deep well to excessively drained sands or 
gravels.  These soils have a high rate of water 
transmission.

Examples: Everett Soils
Winthrop Soils
Spanaway Soils

*Type B- Soils having moderate infiltration rates 
when thoroughly wetted, and consisting of 
moderately fine to moderately course textures.  
These soils have a moderate rate of water 
transmission.

Examples: Walla Walla Soils
Washougal Soils
Spokane Soils 
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Soil Characteristics
Hydrologic Soil Groups
*Type C- Soils having slow infiltration rates 
when thoroughly wetted and consisting of soils 
with a layer that impedes downward 
movement of water, or soils with moderately 
fine to fine textures. These soils have a slow 
rate of water transmission

Examples: Montesano Soils
Sumas Soils

*Type D- Soils having very slow infiltration 
rates when thoroughly wetted and consisting 
of clay soils with high swelling potentials, soils 
with a permanent high water table, soils with a 
hardpan or clay layer at or near the surface 
and shallow soils over nearly impervious 
materials.  These soils have very slow rate of 
water transmission. 

Examples:  Colville Soils
Wapato Soils
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Soil Characteristics

Good resource to find out soils characteristics.
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Soil Characteristics

Example: Project site in Olympia soils #42
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Soil Characteristics

#42 soil is called Grove with a 
hydrological group of A
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Soil Characteristics

Grove soil has the following 
characteristics that might be helpful 

to know for your project. 
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Soil Characteristics

Now we can determine the Curve 
Number (CN) value for the project 
based on its land use. 
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Travel Time 
Travel Time (Tt)-The time it takes water 
to travel from one location to another in a 
watershed.  There are three types of flows:

1- Sheet Flow- Overland flow with very little 
depth with a max distance of 300 feet. 

2. Shallow Flow – Gully or curb like flow with 
some depth.

3- Open Channel Flow – Flow with a certain 
amount of depth majority of the time. 

1
2

1
2 2
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Travel Time Equations
Sheet Flow
Tt= 0.42(nsL)^0.8 / (P2)^0.527(so)^0.4

ns- Manning's sheet flow coefficient
L- Flow length (ft)
P2- 2year 24hr Rainfall (in)
so- Slope of land segment (ft/ft)

Shallow Flow
Tt= L / 60(ks)(so)^0.5
L- Flow length (ft)
ks- Velocity factor coefficient

so- Slope of land segment (ft/ft)

Open Channel Flow
Tt= L / 60(kc)(so)^0.5
L- Flow length (ft)
kc- Velocity factor coefficient

so- Slope of land segment (ft/ft)
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Travel Time 
“n” & “k” values

 

H ig h w a y  R u n o ff M a nu a l P ag e  3 -1 7  
Ja n u a ry  2 0 01  

 
S heet F low  E qu ation  M annin g’s  n      n s 
S m ooth  su rfaces (concre te , aspha lt, g rave l)     0 .0 11  
F allow  fie lds o r loose so il su rface  (no  residue)    0 .0 5  
C u ltiva ted  so il w ith  residue  cover (s<  0 .20  ft/ft)     0 .0 6  
C u ltiva ted  so il w ith  residue  cover (s>  0 .20  ft/ft)     0 .1 7  
S hort p ra ir ie  grass  and  law ns       0 .1 5  
D en se  grasses         0 .2 4  
B erm ud a grass         0 .4 1  
R ang e (na tu ra l)         0 .1 3  
W ood s o r fo rest w ith  ligh t underbrush       0 .4 0  
W ood s o r fo rest w ith  dense underb rush       0 .8 0  
 
S ha llow  C oncen trated  F low        k s 
1 . F ores t w ith  heavy  g round  litte r and  m eado w s (n  =  0 .10)   3  
2 . B rushy g round  w ith  so m e trees (n  =  0 .0 60)     5  
3 . F a llow  or m in im um  tillage  cu ltiva tion  (n  =  0 .04 0)    8  
4 . H igh  g rass  (n  =  0 .0 35)       9  
5 . S hort g rass , pas tu re and  law ns (n  =  0 .030)     11  
6 . N early  b are grou nd  (n  =  0 .2 5)      13  
7 . P aved  an d  g rave l a reas  (n  =  0 .0 12)      27  
 
C han nel F low  (In term itten t)        k c 
1 . F ores ted  sw ale w ith  heavy  g round  litte r (n  =  0 .10)    5  
2 . F ores ted  d ra inage  cou rse w ith  d efin ed  channel bed  (n  =  0 .05 0)  10  
3 . R ock-lined  w aterw ay  (n  =  0 .0 35)      15  
4 . G rassed  w aterw ay  (n  =  0 .030)      17  
5 . E arth -lined  w aterw ay  (n  =  0 .025)      20  
6 . C M P  p ip e (n  =  0 .024)       21  
7 . C oncre te  p ipe  (0 .0 12)       42  
 
C h an n el F low          k c 
1 . M eandering  stream  w ith  som e p oo ls (n  =  0 .040)    20  
2 . R ock-lined  s tream  (n  =  0 .035)      23  
3 . G rass-lined  s tream  (n  =  0 .030)      27  
“n ”  A N D  “k ”  V alues  for T rav el T im e C alcu la tion s 
 
F igu re  3 -3 .4  
• A  cu lvert o r bridg e  can  act as  a  reservo ir ou tle t if th ere  is  sign ifican t 
s to rag e  beh ind  it. A  hydrograph  sh ou ld  b e deve loped  to  th is po in t and  the  
leve l poo l rou ting  tech n iq ue  describ ed  in  Sec tio n  3 -3 .4  shou ld  be  used  to  
de te rm in e  the  o u tflow  ra ting  cu rve th rou gh  the  cu lvert o r b ridge . 
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Time of Concentration
Time of Concentration (Tc)- The 
time it takes runoff to travel from 
the most hydraulically distance 
point of the watershed.  It’s also 
the summation of the travel time.

Tc = Tt1+ Tt2 +Tt3 

Tc
Tt1

Tt2

Tt3
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Five Steps for SBUH
1- Basins Areas in acres

2- Precipitation for 24hr storm 
events in inches

3- Soil Characteristics for Curve 
Number

4- Travel time for basin in 
minutes

5- Solve for runoff when using 
computer program
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Graphs 
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SBUH Equations
Abstract Runoff value
S = (1000/CN) – 10

Runoff Depth
D(t)= (pt - .2(S))^2/(pt +.8(S)

Total Runoff
R(t) =D(t) – D(t-1)

Instantaneous Hydrograph
I(t) = 60.5(R(t))A/dt

Design Flow Rate
Q(t+1) = Q(t) +w(I(t) +I(t+1) –2Q(t))

CN =  Curve Number
pt =  Precipitation for the time increment-24hr MRI
A  =  Basin Area in acres

dt =  Time interval in ten minutes
w = dt/(2Tc+dt) 

Tc = Time of concentration for the drainage basin
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Level Pool Analysis

Inflow – Outflow = Change in Storage

[(I1+I2)/2] – [(O1+O2)/2] = S2-S1
Where: I = Inflow at time 1 and time 2

O = Outflow at time 1 and time 2
S  = Storage at time 1 and time2

Qin

Qout

Qout

time

Vol

S1

S2

Increase volume (S) due to increase time 


