TABLE 1. RESISTANCE
COEFFICIENTS A AND b
FOR RAINFALL,

Reierence A b
lzzard (194£4) 750 1.33
14 (1972) 118 0.4
Fawhkes (1972) 333 1.0

+Foriin m per hour,

values are indicated in Table 1. The experimental values
of the friction coefficient T obtained by Shen and Li
(1973) indicate that for a bare smooth surface, the flow is
laminar for Re < 900 and the Blasius law is valid for
turbulent smooth flows when Re > 2000. Chen’s data
{1976) show that k, can be as large as 50,000 for
vegetated surfaces and laminar flow conditions were
observed for Reynolds numbers as large ag 10°.

At low Reynolds numbers, the friction parameter K
for sheet flows is constant, and the Darcy-Weisbach
equation is given by:

oy -2
sfz(igi) L [10]
' ah 8gh

The variables @ h, and v, for laminar sheet flows
derived from equations [1], {2}, [5], and [10] are
summarized in Table 2 for comparison with similar
relationships valid under turbulent conditions.

Turbulent Flow ever a Smooth Sariace

For bare soil surfaces the flow becomes turbulent when
Re > 2000 and the flow is called hydraulically smooth
when the thickness of the laminar sublayer given by
equation [7] is much in cxcess of the size of soil particles

TABLE 2. SUMMARY OF FLOW CHARACTERISTICS
(VELOCITY, BEPTH, AND SHEAR STRESS).

velocity i=cs®
Type of flow c a 4
Laainar (’§5)°'333 0.333 0.667
{K = constant) \ K v/
Turbulent, ( 8g ,)0'333 -0.083 0.333 0.417
swmooth boundary 6.316
Turbulent <l) 0.6 0.3 0.4
{n = coastant} n
Turbalent 15_5) 6.333 0.333 4.333
{f = constant) {
Depth h=csSt g
Type of flow < a [
Lasinar @)0'333 -0.333 0.223
(X = cunstaat) %
- L4230.0333
Turbulent, 0.316 : 0,083 - .
smooth boundary ( 3g ) v 6.333 0.383
Turbulent P
{n = constant) no'6 -G.3 0.6
PO

Turhulest '_f__)“ 333 -0.335 0.667
{f = constzat) (‘83
Shear stress 1 =c 5% ¢t
Type of flaw [ a d

{ ¥ a
Laminar (2 (E\’%)D.SB.. 0.667 0.333
{¥ = constant) LR
Turbulent, pg (0‘3“’)0“‘33 U eer 6.583
snooth boundacy VOB
Turbulent P8 28 0.7 0.6
{a = canstant)

6 0. 315
Tuzbulest pa{ )0 0.567 0.667
{f = vonstant) e/
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(&' >3 d). In ihis case, Keulegan (1938) derived an
equation similar to the von Karman-Prandtl logarithmic
equation. When the Reynolds number is not too large,
this equation can be approximated by the Blasius
equation for which the Darcy-Weisbach friction factor
becomes:

f= 0316
Re0-25

For turbulent flows over a smooth surface, the
variables T, h and 7, given in Table 2 are derived {rom
equations [1], 12, [3]. [5], and [11}. The exponents of S
for these three variables are identical to those obtained
for laminar sheet flows.

Turbulent Flow ever & Rough Suriace

For turbulent flows an increase of the Reynolds
number (or water discharge) raises the water level, and
decreases the relative roughness and the friction factor.
When the thickness of the laminar sublayer is small
compared to sediment size (& < 5§ ), the flow is
hydraulically rough and the logarithmic equation given
by Keulegan (1938) applies. The friction coefficient is
defined as:

8‘7 = = ¢ » _b_ ) 2
a C=cyloge, iR {12}

Approximate power relationships such as the Manning
equation, however, are frequently used by hydraulic
engineers. Since both equations give similar results for
open channel flows without bedforms when the relative
roughness ranges between 10 and 10000, the Manning
equation {SI units) is used in this study. The equivalent
Darcy-Weisbach { is then:

—
V8 =

in which n is the Maunning roughness cocfficient. The
well-known Manning-Strickler relationship gives the
proportionality between the median size of the sediment
particles (in mm) at the boundary and the Manning
roughness coefficient:

1/6

fasat
=
—
[
=

n=0.01324d.1/8 |

The combination of equations [1], [2}, [3], {5], and [13]
gives the relationships for &, h, aod 7, shown in Table 2
for turbulent rough conditions {n = constant).

When the relative roughness becomes extremely small,
the Darcy-Weisbach equation is equivalent to the Chefzy
equation (f = 8g/(C?). Both coefficients { and C are
constant and after combining equations [1], [2], [3], and
{51, the variables T, h, and 7, are written as a function of
S and q. The resulting expressions are listed in Table 2.
The relationship 7, o u? is valid for the CheZzy equation
and the exponents are slightly different from those
derived for the Manning relationship. The exponents of
g and S of the velocity relationship are identical and
equal to 0.333.

Dhiscussion

The results of this analysis of the hydraulic
characteristics are summarized in Table 2. The velocity,
the flow depth, and the bed shear stress are written in
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terms of discharge and slope. The exponent of the slope
does not vary significantly for different flow conditions
ranging from laminar to turbulent. The exponents of the
slope for velocity, flow depth, and bed shear stress are
respectively 0.33, —0.33, and 0.67. On the other hand,
the exponents of the water discharge vary gradually and
differ by a factor 2 between the extreme conditions. The
exponents of discharge for velocity and shear stress vary
in opposite directions. Indeed, for flow conditions
changing from laminar {o turbulent flows, the exponent
of velocity varies gradually from 0.67 to 0.33 while the
exponent of shear stress varies from 0.33 to 0.67. This
effect is extremely importaut if we consider the rate of
sediment transport.

SEDIMENT TRANSPORT EQUATIONS
The sedimeni transport capacity of overland flow
under rainfall was investigated to obtain a theoretically
sound relationship supported by empirical equations.
The method of dimensional analysis was applied 1o the
principal variablcs related to soil erosion.

Varighles and Dhmensional Analysis

heet erosion is the result of the detachment of soil
particles by raindrop impact and transport by overland
flow. The eroded soil particles are transported
downstream by runoff and the unit sediment discharge is
a function of the following variables:

o= L, SLU,hq, 7. 70, dg. P B, 08) oo v - [15]

in which 1, is critical shear stress and d, is size of soil
particles, and the other variables are as defined
previously. Among these variables, the first two (L, 5)
describe the geometry and the next five (i, U, h, g, T,) are
flow characteristics including rainfall intensity. The last
six (., d,, p.. p, v, g} are associated with soil and water
properties and the gravitational acceleration. Shear
stress is difficult to measure in the field and is usually
computed from other variables. In a river, the variables
S, i, I, and g are used to describe stream flows because
the velocity and depth are generally more easily
measured than rainfall intensity i and runoff length L.
For this reason, Laursen (1956) suggested the reduction
of some sediment transport equations to a function of the
rariables T and h. In the case of soil erosion, however,
the variables i and L have important physical
significance. The slope and unit water discharge may be
more easily measured than the velocity and depth.
Therefore, the variables S and q may be more convenient
than W and h as components of a sediment transport
relationship for overland flow under steady-state
condition; elimination of the variables Tand h from the
Darcy-Weisbach and the continuity equation g = uhi is
possible.

The critical shear sivess value v, corresponds to the
beginning of motion of the sediment particles. Its
evaluation remains a complex problem requiring further
investigation, but the fundamental relationship defining
the incipient motion of sediments indicates that the
critical shear stress is a function of the particle size and
{he specific masses of water and sediment. Therefore, the
szdiment size can be replaced by the critical shear sivess
n 2 sediment {ransport equation. The specific masses of
W

yore U

zter and sediment are nearly constant for particle sizes
anging from clays to gravels. In the case of aggregates,

el
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equivalent conditions of shear stress can be defined, for
xample, using an equivalent diameter, while keeping
the same specific mass of sediment in the analysis.
Using these relationships and assuming p, constant,
equation [15] reduces to:

t{q, q. 1, Lo Ay v, T $3=0 oo [16]

The following M-terms are obtained {rom dimensional
analysis after L, p, and v are selected as repeating
variables:

q iL T,
3 es =0 (17}
py v ¥ T

E Q.S
o

The sediment transport term can be writlen as a function
of the product of the other I-terms in the form:

X \

o Y i & T

4 ,>:5; A g T AL 1_1—-’“;-)( sforv, >
v 14 T

In this equation, &, f, vy, d, and ¢ are experimental
coefficients and the sediment equations based on tractive
force and stream power concepts are represents by the
term 1 — (1./7,).

Under dimensional form, this equation is transfor.ied
to:

-~ €
g =oSFqT i (1= {19
I
15]
in which,
&pl?
w=SP . e [20)
prHa=1

The derivation by Julien (1982) gives a general
relationship between the sediment discharge and the
dominant geometry and flow variables. The first three
factors (S, q, 1) represent the potential erosion or
transport capacity by overland flow, which is reduced by
the last factor reflecting the soil resistance to erosion.
When 7, remains small compared to 1,, the cquation for
sediment {ransport capacity is:

The sediment transport capacity by turbulent flows in
deep channels is not a function of the rainfall intensity,
and therefore, d = 0 in this case.

Empirical Equations

Several empirical eguations can be transformed to
evaluate the coefficienis o, f, v, d, and £. Among the
equations analyzed those proposed by Musgrave (1957),
Li, Shen and Simons (1973), and Kilinc (1972} include
iractive force, stream power, velocity, and discharge
relationships. When the variables differ from those of
equation [19], the relationships in Table 2 are used for
the transformation of U, h, and 7, for laminar {lows,
while the Reynolds number is replaced by Re = ah/v.
The results summarized in Table 3 suggest that none of
the actual eguations is complete since some coeificients
are still zero. Conscquently, for each particular
equation, the number of variables is reduced owing io

TRANSACTIONS of the ASAE



TABLE 3. TRANSFORMATION OF EMPIRIC

a, ~ 5P

s

AL EROSION EQUATIONS FOR LAMINAR FLOW

kY
i - I—":)E

o

s

Eq. Reference Equation o 3] Y [+ €
Ho.
22 Musgrave (1947) q, = PUE-G F ot ) a P n 0
23 Zings (1940) a, ~ p1-66 g1.37 -- 1.37 1.66 -1.86 -
24 Wischmeier and a ~ 113 (Loo07652 + -- =1.7 1.5 -1.5 -
Smith (1978) .. .
(5>5%) .00538 + .007%6)
25 tieyer and Henke q. - LI‘9 503'5 - 3.5 1.9 -1.¢9 -
(1965) -
26 Young and q LZ.ZA SO"“‘ ~-- 0.74 2.24 -2.24 -
Hutchler (1969) s
L2 YZ(K\) 2/3
. o (B ) g . .
27 Li et al. (1973) q = @ Io T, dx 3ot ¢ e 1.33 1.67 1 0
2
28 Komura (1983) q ~q'MB M2 1S _— 1.5 1.38 0.5 0
vins N _ 2.05 2.78 2.05 _2.78 /Kv \0.93
29 Hilinc (1972) g = ¢ &3 Tc) e Y (’gg) 1,86 0.93 o .78
22 - &7 2 6
30 Kilisc (1972) a, =P (- rc)u)“" 0-122 (1.67 1.67 1.67 0 1.67
- - - 7 Be 2
31 Kiline (1972) q =« 3.17 23.825 e SR 1.21 2.42 o 0
2 —~d - ©
32 Kilinc (1972) q = el 6T 5088 o120 0878 8,156y 56 2.24 0 0
- 2 L6 - &) -
33 Kilinc (1972) q = e 1.6 g,2:85 g1.40 R 1.66 2.05 0 0
, »
36 Kilinc (1972) q = et 7 g7 0 gleoe L7 1.56 2.03 o 0

+Sediment discharge in pounds per fi-s3 multiply by 1.64 x 10"3 for ¢, in tons/mrs.

these zero values. The most significant parameters
pointed out in this analysis are the slope S and the
discharge q. The numerical values of the coefficient
vary from 1.2 to 1.9, and y, varies from 1.4 to 2.4. The
variabilily of these exponents indicates the complexity of
the sediment transport processes since only two major
parameters are considered in this analysis. These
relationships are in most cases particular to a study area
or to the laboratory conditions under which the data were
collected. Most equations include rill erosion which also
influcnces the rate of soil erosion.

The well-known Universal Soil Loss Equation canuot
be transformed directly into the general equation since
the slope factor is written in a quadratic form. The
equivalent exponent, however, is expected to vary
between 1 and 2. and Julien (1682) found an equivalent
exponent value near 1.7 while the discharge exponent 1.5
is an approximate value mostly valid when § > 0.05. T
Kiline and Richardson equations ca

he
1ot define the

i3t
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parameters ¢ and £ since in their experiments, the soil
surface was nearly impervious and also the bed tractive
force was much in excess of the critical shear stress value.
Throughout these transformations, the number of
independent parameters remains the same. For example,
equations {23], {25], and [26] based on slope and length
have only two independent parameters because d = —y.
This remark is also valid for equations having cne
independent parameter since for equation {29] £ = 3y and
= 2y; for equation {30] § = y = & and for equation [31]
ﬁ = }(/Z'

Further fundamental research is required to better
define the exponents d and £ The coefficients of the
general equation obtained by dimeansional analysis are
kept variable for the purpose of this study and equation
[19] is recommended for watershed modeling. The
prediction from each eguation will be possible, provided
the proper set of coefficlents is selected from Table 3.
Fair estimates can be obtained irom

s

& regression

=
o
i)
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TABLE 4. TRANSFORMED SEDIMENT TRANSPORT EQUATIONS FOR OVERLAND FLOW

T €
a, ~ LoV - é)

0Ly

¥l

¥SN

FYSY U jo SNOI

Turbulent
£q. lLaminsr Smooth Boundary Hanning Equation Chezy Equation
H#a.  lavestigator Equation B Y [ Index® 8 Y € Index* B Y £ Index* B [ [3 Index*
36 Du Boys a, ~ 1, (4"t 1,33 0.66 1 1 133 107 1 1 e 1.2 1 1 133 133 1
37 WES q . (zo-xc)mﬂ's 1 0.5 1.5 0 1 0.88 1.5 0 1.05 0.90 1.5 0O 1 1 1.5
38 Shields q, ~ Sa(T,-t) 1,67 1.33 1 1 1.67 1.38 1 2 1.7 1.6 1 2 1.67 1.67 1
39 Schoklitsch a, ~ 87 (=q) s o1 -- 1 1.5 1 -1 151 -1 1.5 -
[ Kalinske-Brown 9, ™ TOZ.S 1.67 0.83 0 1 1.67 1.46 O 2 1.75 1.5 0 2 1.67 1.67 0
41 Heyer-Peter et al. g, ~ (ro-tc)l's 1 0.5 1.5 0 1 0.88 1.5 0 1.05 0.9 1.5 O 1 ! 1.5
42 Bagnold a, ~ SR CICL IO 0.5 1 0 1 0.88 1 0 1.05 0.9 1 0 1 1 1
43 Engelund-Hansen g, ~ rul-saz 1.67 1.83 0 2 1.67 171 0 2 165 1.7 0 2 1.67 1.67 0
4 Inglis-Lacey a, ~ &yl 2 3 0 0 2 2.5 0 0 1.8 1.4 0 2 2 1 0
5 Yalin (1 %) q, ~ ro°'5(ro-rc)2 1.67  0.83 2 1 1,67 1.46 2 2 1795 1.5 2 2 1.67 1.67 2
46 Yalin (11.) q, ~ roo's(roqc) 1 0.5 1 0 1 0.88 1 0 1.05 0.9 1 0 1 | 1
47 Chang et al. a, = Ioﬁ 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
48 Barekyan 9, Squ 1.33  1.67 0 2 1.33 1.42 0 2 1.3 1.4 0 2 1.33 1.33 0
49 Pedroli 6, tol‘suo'z 1 5.6 0 0 1 1.05 0 o 1.06 1.08 O 0 1 f2 0

“The index represents the number

of exponents within the rsuges:

1.2 < < 1.95 and 1.4 <y < 2.4,



equation such as given by Kilinc (1972). For example,
excellent results were obtained by Julien (1982) with the
use of the discharge and slope formula (equation 34).

The formation of rills locaily increases the unit water
discharge q and the resulting erosion rate is expected to
be larger than for uniform flow conditions. The rill
erosion data collected by Kilinc were analyzed by Julien
and Simons (1984) and once the volume of rill erosion
was subtracted from the total erosion, the following
regression equation was obtained:

g~ STt gl (R2=096). .. [35])

Both exponents for S and ¢ are smaller than those for sl
erosion including rills (equation [34]). This equation can
be used for comparison with sediments transport
equations for laminar sheet flow.

Applicability of Sediment Transport
Bguations for Turbulent Flows

Most of the well-known sediment transport equations
originally derived for turbulent stream flows can be
transformed to determine their applicability to natural
conditions in overland flows.

This analysis included the transformation of the
sediment transport equations suggested by Du Boys
(1879), O'Brien-Rindlaub (1934), WES (1935), Shields
{1936), Schoklitsch (1934), Kalinske-Brown (1949),
Meyer-Peter and  Miller (1948), Bagnold (1956},
Engelund-Hansen (1967), Inglis-Lacey (1968), Yalin
(1977), Chang et al. (1967), Barekyan (1962), and
Pedroli (1963). The Einstein bedload equation has not
been treated separately since it agreed very well with the
Yalin and the Meyer-Peter and Milller equations.

The sediment transpori capacity was investigaied
assuming that sediment size, fluid properties and
gravitational acceleration were constant. Particular
attention was focused at the values of § and y which are
the exponents of the slope and water discharge in
equation 19. For each of the four types of flow described
previously, the transformed relationships are
summarized in Table 4 as follows: (a) laminar sheet flow;
(b) turbulent flow over smoeoth surface as given by the
Blasius equation; (c) turbulent flow described by the
Manning equation; and (d) turbulent flow with constant
Darcy-Weisbach friction factor f or Che’zy coefficient.

The last column for each type of flow represents an
index of fituess of these basic equations with the
observed value of exponents. This index is equal to the
number of parameters (f, y) enclosed within the ranges
of empirical coefficients as determined in the previous
section (1.2 < B < 1.9 and 1.4 <y < 2.4). The higher the
index, the better this equation should compare with
observed data. Conversely, when the index is equal to
zero, the given equation is expecied to be a poor
relationship to predict the sediment transport capacity of
overfand flow.

The results in this table show that the exponents f§ of
most relationships are within the range of observed
values while the exponents y are usually too small to fall
within the range of empirical coefficients. These results
were anticipated since it was demonstrated in the
analysis of flow characteristics summarized in Table 2
that the exponent of slope remains constant while the
exponent of discharge varies for different fow
conditions.
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CONCLUSIONS

This study points at the relationship existing between
the mechanics of overland {low and soil erosion by
rainfall. The authors address the problem of estimating
the sediment transport capacity for rainfall erosion based
on the mechanics of overland flow. The results of this
study are of particular interest to:

1. soil scientists comcerned with the decrease of
productivity of agricultural land caused by rainfall
erosion;

2. waiershed modelers looking for a better sediment
transport capacity relationship for mathematical
stimulation of erosion processes;

3. sedimentologists interested in the mechanics of
sediment transport for both lamingr and turbulent flows.

A general sediment transport relationship supported
by dimensional analysis {g, ~ sfg®® [I ~ /1)) Is
recommended and the major conclusions of the study are
summarized as follows: the analysis of overland flow
characteristics encompasses a wide variety of flow
conditions varying from laminar sheet flows on uniform
soil sarfaces to turbulent flows in rills and gullies. When
the principal hydraulic vatiables of flow depth, velocity,
and bed shear stress are written in terms of slope and
discharge, the exponent of slope remains constant for
these various types of flow. For different types of flow the
exponents of discharge for the velocity and shear stress
were shown to vary in opposiie directions, Therefore, for
predicting soil erosion the applicability of sediment
transport relationships derived for turbulent {lows
depends on whether the sediment transport capacity is a
function of velocity or shear siress.

Most of the sediment transport equations used for
turbulent flow in streams should not be applied to
rainfall erosion in laminar sheet flows. Among the
equations examined, only those proposed by Engelund-
Hansen and Barekyan scem relevant for predicting soil
erosion losses by overland runoff. The formulas
suggested by Shields, Kalinske-Brown and Yalin might
also be considered though the exponent of discharge is
clearly too small in the case of laminar sheet flow. The
other equations generally underestimate the parameters
# and y and are irrelevant to predict rainfall erosion.

The range of values of the exponents of slope f and
discharge y were well-defined in this analysis of empirical
relationships. The transformation of several sediment
transport equations for overland flow can be summarized
as follows: the empirical exponent f§ varies between 1.2
and 1.9 while the exponent y ranges from 1.4 to 2.4. The
variation of these exponents indicates the complexity of
soil erosion processes and the specificity of each
relationship for the site-specific conditions under which
they were derived. Moreover, these exponenis are
function of the formation of rills and this study shows
that both exponents § and y of the sediment transport
capacity relationship increase when the rills develop.
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LIST OF SYMBOLS

cocfficient for raindrop impact
coefTicicnts ’

constants

Che?y coefficient

size of sediment

Darcy-Weisbach friction facior
gravitational acceleration

flow depth

rainfall intensity

surface friction coefficient

friction parameter for laminar sheet flow
slope length

Manning coefficient

unit water discharge

critical unit water discharge

unit sediment discharge

cogfficient of determination

slope

slope of the energy line

velocity at a distance y from the water surface
mean velocity

U, shear velocity

a.f,y,6,6 coeflicients of the sediment transport equation
X thickness of the laminar sublayer

ap e
Lo
-0
=%

3

a8 I

A

U)US%;O..Q;D Dot T T en Mmooy

-

=T

Y dynamic viscosity

v kinematic viscosity

2 specific mass of water

Dy specific mass of sediments
Ty bed shear stress

T, critical bed shear siress
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CHAPTER 8

8.4. HEC HMS Analysis of 2 Year Storm Event
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Otay Ranch Resort Village HEC HMS Analysis

(¢
[*OR Resort Village-PR L%.,OR Resort Village-EX

Project: Otay Ranch Resort Village
Simulation Run: 2 yr 24hr  Subbasin: OR Resort Village-EX

Startof Run: 01Jan2011, 00:00 Basin Model: North Watershed
End of Run:  08Jan2011, 00:00 Meteorologic Model: 2 Year 24 Hour
Compute Time: 02Jun2011, 12:06:12 Control Specifications: 2 Year

Volume Units: ) IN @) AC-FT

Computed Results

Peak Discharge :  1485.4 (CFS) Date/Time of Peak Discharge : 01Jan2011, 16:25
Total Precipitation : 435.3 (AC-FT) Total Direct Runoff : 187.6 (ACFT)
Total Loss : 247.7 (ACFT) Total Baseflow : 0.0 (ACFT)

Total Excess : 187.6 (ACFT) Discharge : 187.6 (ACFT)

Project: Otay Ranch Resort Village
Simulation Run: 2 yr 24hr  Subbasin: OR Resort Village-PR

Startof Run: 01Jan2011, 00:00 Basin Model: North Watershed
End of Run: 08Jan2011, 00:00 Meteorologic Model: 2 Year 24 Hour
Compute Time: 02Jun2011, 12:06:12 Control Specifications: 2 Year

Volume Units: ) IN @) AC-FT

Computed Results

Peak Discharge :  2306.1 (CFS) Date/Time of Peak Discharge : 01Jan2011, 16:25
Total Precipitation : 435.3 (AC-FT) Total Direct Runoff : 317.6 (ACFT)
Total Loss : 117.6 (AC-FT) Total Baseflow : 0.0 (AC-FT)

Total Excess : 317.6 (ACFT) Discharge : 317.6 (ACFT)
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&+ Subbasin { Loss l Transform ] Opt;ons}

Basin Name: North Watershed
Element Name: OR Resort Village-EX

Description:
Downstream: :-«None-
*Area (MI2) |4.002
Canopy Method: :—None—
Surface Method: :-<None-
Loss Method: SCS Curve Number
Transform Method: | SCS Unit Hydrograph
Baseflow Method: :—None—-

B HEC-HMS =

@@

& Subbasin | Loss | Transform | Options |

Basin Name: North Watershed
Element Name: OR Resort Village-EX

Initial Abstraction (IN)
*Curve Number: |86.0
*Impervious (%) 0.0

B HEC-HMS =)

[lg-h Subbasin ] Loss] Transform [Opbons}

Basin Name: North Watershed
Element Name: OR Resort Village-EX

Graph Type: :Standard
*Lag Time (MIN) |20.2
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Otay Ranch Resort Village
Otay Ranch Resort Village Subbasin & Reach

Existing Condition

DRAINAGE 2561.0 acres
3

AREA 4.002 mi
98 0 acres (Major Arterials)
92 0 acres (Commercial Development)
91 0 acres (Mixed Use - Schools, Hospital)
90 0 acres  (High Density Residential Development)
87 0 acres (Single-Family Residential Development)
81 2561 acres (Open Space)
CURVE NUMBER = 81.0JAMC=2.0
86.5|aAMC=25
Average n 0.035
m 0.38
L 2.05 miles
Lc 1.025 miles
U/S Elev. 1600 feet
D/S Elev. 486.4 feet
S 543  ft/mile
LAG TIME = 0.337  hours
20.2 min

SOIL GROUP D ASSUMED
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(S5 Subbasin [ Loss ] Transform I Opbons}

Basin Name: North Watershed
Element Name: OR Resort Village-PR

Description:
Downstream: :—-None—-
*Area (MI2) 4.002
Canopy Method: :-None-
Surface Method: :-None-
Loss Method: :SCS Curve Number
Transform Method: |SCS Unit Hydrograph
Baseflow Method: :-None-

B HEC-HMS

5 Subbasin | Loss | Transform | Options |

Basin Name: North Watershed
Element Name: OR Resort Village-PR

Initial Abstraction (IN)
*Curve Number: |93
*Impervious (%) 19.99

y
B HEC-HMS

L&,.’ Subbasin l LosJ Transform { Opbons}

Basin Name: North Watershed
Element Name: OR Resort Village-PR

Graph Type: | Standard
*Lag Time (MIN) |20.2
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Otay Ranch Resort Village
Otay Ranch Resort Village Subbasin & Reach

Proposed Condition

DRAINAGE 2561.0 acres
AREA 4.002 mi
98 0 acres
92 0 acres
91 0 acres
90 0 acres
87 1024 acres
81 1537 acres
CURVE NUMBER = 83.4
93.0
Average n 0.035
m 0.38
L 2.05 miles
Lc 1.025 miles
U/S Elev. 1600 feet
D/S Elev. 486.4 feet
S 543 ft/mile
LAG TIME = 0.337 hours
20.2 min

SOIL GROUP D ASSUMED

(Major Arterials)

(Commercial Development)

(Mixed Use - Schools, Hospital)

(High Density Residential Development)
(Single-Family Residential Development)
(Open Space)

AMC=2.0
AMC=2.5
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