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RECEIVED JAN 1 6 1392

TECHNICAL MEMORANDUM

TO: Tim Murphy (Contract FCD 90-69)
Steve Waters (Contract FCD 90-20)

FROM: G.V. Sabol
DATE: 14 January 1992

SUBJECT: 1.) Unit hydrographs for agricultural fields, and
2.) New Lag relation for unit hydrographs.

REFERENCE: Contract FCD 90-69, Buckeye FIS
Contract FCD 90-20, Hydrology/Hvdraulics Advisory Services

INTRODUCT ION

This study was initiated as part of the Buckeyve FIS Project {(Tasks 3.13.A
and 3.13.B). However, the work effort and results extend heyond that required
by the Buckeye FIS, and some portion of this work was undertaken under

contract FCD 90-20 as additional unit hydrograph development for the Manual.

This memorandum presents the following:

1. development of a new Lag relation for unit hydrographs,

2. comparison of four unit hydrographs for four selected subbasins from the
Buckeye FIS watershed model,

3. comparison and evaluation of using the new Lag relation with the Phoenix
Valley and the Phoenix Mountain S-Graphs for seven watersheds that were
used in verification of the Maricopa County Hydrologic Design Manual
(Manual),

4, conclusions from these comparisons and evaluations,

5. recommendations, and

6. suggested studies to be undertaken before implementing the
recommendations.

DEVELOPMENT OF NEW Lag RELATION
Theory

The general relation for basin Lag as a function of watershed
characteristics that is traditionally used is given by Equation 1.

The theoretical justification for Equation 1 is not known but was probably an

extension of the results of Snyder‘s (1940) investigations, wherein he
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(1)

L x LCA }?
La = C ——7—

determined the following equation for Lag:

Lag = Cp (L x LCA )" (2)

The value of the exponent, m, in Equation 1, generally has been assigned
within the range 0.30 to 0.38. The USBR (Flood Hydrology Manual (Cudworth,
1989)) recommends that m = 0.33 regardless of the location of the drainage
basin. The Corps of Engineers typically uses m = 0.38. The coefficient, C,
appears to be related to the hydraulic efficiency of the direct storm runoff
through the drainage network. For a value of m = 0.33, the USBR recommends
that € = 26 K, and the Corps uses C = 24 K, with m = 0.38, where K is a
resistance coefficient representing the average resistance to flow through the
drainage network. The traditiomal Lag equations in use are:

Ry
Lag = 26K, [_"‘_i[%ci] by the USBR (3)
$

.38
L x LCA ] by the Corps (4)

It should be noted that there are numerous definitions for Lag. Horner
and Flynt (1936) originally defined Lag as the time from center of mass of
rainfall to center of mass of runoff. Lag, as defined by Snyder (1940), is
the time between the center of mass of rainfall excess of a specified type of
storm and the occurrence of peak discharge at the location being studied.

This definition indicates that Lag will vary depending on the type of storm or
rainfall characteristics such as intensity. The SCS definition of Lag is the
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same as that used by Snyder. Lag of Equation 1 is determined from an S-graph
analysis and is defined as the time from the start of a continuous series of
unit rainfall excess increments to the time when the resulting runoff
hydrograph reaches 50 percent of the ultimate discharge. The uitimate
discharge is an equilibrium rate achieved at the time when the entire drainage
basin is contributing runoff at the concentration point from the continuous

series of unit rainfall excess increments.

These equations and others for Lag have been developed from data for
gaged watersheds and these empirical equations are used to estimate Lag for
ungaged watersheds. Theoretically, the equations should satisfy hydraulic
similitude for gravity flow with the gaged watersheds being considered as
models and the ungaged watersheds as prototypes. The resulting Lag equations
should satisfy Froude Number similitude and accordingly the time relation for
model to prototype conversion is:

Ty o LF-5 (5)

vhere T, is the time ratio and Ly is the scale ratio. The model to prototype
time relation of Equation 1 should agree with Equation 5. Therefore the
exponent m should be (.25 as shown in Equation 6:

Lag = (L x LCA )JS (6)

The relation of Lag to watershed slope is a means of incorporating the runoff
velocity, V, in the Lag equation and

Lag = _%r (N
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According to equations of gravity flow

v oo glfd ' (8)
and therefore
Lag e 1 {(9)
S“z

which deviates significantly from either Equation 3 or 4.

Combining Equations 6 and 9 results in

L x LCA Y29
Lag = CL (10)
(=)

Where CL is a coefficient.

Lag is a function of many variables that describe the watershed
characteristics and possibly also variables that describe the rainfall
characteristics as suggested by Snyder (1940). Sufficient data for gaged
watersheds are not available to document all the watershed and rainfall
characteristics that may be of interest, and certain variables may be too
subjective, such as K, in Equations J and 4, to be reliable and reproducible
for use in a prediction equation. Therefore, CL may be a surrogate to account
for all the unknown and unmeasured variables affecting Lag. For this reason,
it may not be possible to develop a CL equation that is dimensionlessly
homogeneous using only available and readily obtainable watershed
characteristics and measured Lag data. Therefore, empirical equations were
developed for CL from available data.
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CL Relations
Data on watershed characteristics and Lag as determined by S-graph
analysis was obtained from the files of the USBR that was used by the USBR in
developing Tables 4-1 through 4-6 of its Flood Hydtrology Manual. These data
were classified into six categories by the USBR as follows:
Great Plains (Table 4-1),
2. Rocky Mountains (Table 4-2),
3. Southwest Desert, Great Basin, and Colorado Plateau (Table 4-3),
4., Sierra Nevada (Table 4-4),
5. Coast and Cascade Ranges of Califormia, Oredgon, and Washington,
(Table 4-5), and
6. Urbanized basins (Table 4-6).

The data sets for deserts (Table 4-3), the Rocky Mountains (Table 4-2),
and urban basins (Table 4-6) are applicable to Arizona and these data are
shown in Appendix A. Previous investigations indicated that the desert ‘and
Rocky Mountain Lag data are compatible for analysis as a single set. The
watershed characteristic data and measured Lag for the desert and Rocky
Mountain watersheds that were obtained from the USBR are shown in Table 1.
Figure 1 shows a graph of measured Lag versus L X LCA/Sa. Lines are shown in
Figure | with a slope of 0.25 indicating agreement with the theoretically
derived exponent m = 0.25. The lines are for CL of 5, 10 and 15, and the data
indicate that CL ranges from slightly less than 5 to about 18 with most CLs
hetween 10 and 15.

Multiple regression analyses were performed using the data of Table 1 in
an attempt to develop a prediction equation for CL. About 40 CL equations
were developed from various combinations of independent variables. The
variables were inspected in both untransformed and transformed (log and power
functions) states.

Four CL prediction equations were selected for further inspection. These
being:
cLl = 11.75 +.006 DA - .21 LWR (11}
R = 0.70
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cL2 = -18.03 + 3.3 log DA +10.5 log § {12)
RY = 0,69
€Ly = -14.24 +3.02 log DA +9.04 log § (13)
R = 0.68
CL4 = antilog (.1816 + ,103 log DA + .307 log § ) (14)
RY = 0.65
where LWR is watershed length to width ration (L3/DA),

DA is drainage area in square miles, and

S is watercourse slope in feet/mile.

The square of the multiple correlation coefficient (Rg) measures the
portion of total variation about the mean (in this case the mean value of CL)
that is explained by the regression equation. A R® = 1.0 indicates that the
regresgion equation explains 100% of the total variation (the ideal, but
virtually never achieved situation). Larger values of R’ means that the
equation better explains variation in the data. R in the 0.5 to 0.8 range
are common for hydrologic data. R3 larger than 0.8 is exceptional. The R
for the above equations are reasonable for the type of data that are analyzed.
There are many more variables that are needed to“accurately” egtimate Lag, but
the identification and measurement of these other variables is beyondé our
present ability.

The CL that is estimated by Equations 11 through 14 are listed in Table 1
and these were plotted against the measured CL in Figures 2 through 5,
respectively. These gqraphs indicate that the four CL prediction equations
provide reasonable values for CL.

The results from the four CL prediction equations were used in Equation

10 (the new Lag relation) to estimate Lag for the watersheds that were used to

develop the CL prediction equations. The estimated Lag with CL estimated by
Equations 11 through 14 are listed in Table 1 and these were plotted against
the measured Lag in Figures 6 through 9, respectively.
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Inspection of Figures 2 through 9 does not lead to a clearly superior
estimator of CL or Lag. However, CLl1 seems to be weak at estimating low CLs
and short Lags, but seems to be stronger than other CL equations for longer
Lags.

Some independent Lag data is identified in the S-Graph Report that was
prepared for the Flood Control District of Maricopa County (Sabol, 1987).
That data is shown in Table 2. 1In Table 2, values of Lag are shown for
numerous Arizona watersheds that were developed from data for the storms of
December 1967, September 1970, and June 1972. Descriptions of those storms
are shown in Appendix B. Notice that different values of Lag are shown in
Table 2 depending on the storm. This illustrates that Lag is not only a
function of watershed characteristics but is also a function of storm
characteristics as suggested by Snyder.

Estimated values of Lag by Equation 10 and CL by Eguations 11 through 14
were calculated and these are shown in Table 2 and are compared to the
measured values of Lag in Figures 10 through 13. Notice in these figures that
the Lags for the December 1967 storms are usually Jonger than the Lag for the
September 1970 and June 1972 storms. The December 1967 storm was a general
winter storm with lower rainfall intensity than the large local storm of
September 1972 and the smaller local storm of June 1972. This indicates that
egfimated values of Lag should be larger for the same watershed for lower
rainfall intensities. These fiqures also indicate that the Lag and CL
prediction equations perform reasonably well for watersheds that were not

—

used to develop the CL prediction equations.

Quantitative analyses could not distinguish a clearly superior CL
prediction equation and a qualitative evaluation of Equations 11 through 14
was performed. Equations 12 and 13 could result in negative values of CL for
some combinations of area (DA) and slope {(S) and therefore these equations
were rejected. Equation 11 seems to be weak for watersheds with low CL values
which could yield some unconservative results. Therefore Equation 14 is
recommended for use in estimating CL for undeveloped (natural) watersheds of

deserts and mountains in Arizona.
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A similar analysis was performed for urban watersheds using USBR data
(Appendix A) as shown in Table 3. An additional watershed characteristic,
impervious area (RTIMP), was included for urban watersheds. A graph of
L x LCA/S? versus measured Lag for urban watersheds is shown in Figure 14, and
that graph illustrates that the theoretical value of m = 0.25 is appropriate
and that CL ranges from about 1.0 to 5.0 for urban watersheds. A multiple
regression analysis of the urban watershed data resulted in one clearly
superior eguation to predict CL for such watersheds:

¢L = antilog (0.31 + 0.0955 log DA +0.3560 log S - 0.3610 log RTIMP)

RS = 0.67
{15)

A comparison of the estimated CL and measured CL is shown in Figure 15 and a

comparison of the estimated Lag and measured Lag is shown in Figure 16.

One more general type of watershed exists in Arizona that needs to be
considered besides desert/mountain and urban; that being irrigated
agricultural watersheds. This was identified by the District prior to
initiation of the Buckeye FIS contract. Such watersheds have very flat slopes
and may have high resistance to flow due to tillage and vegetation growth,
Such watersheds way also be representative of large turf areas such as golf
courses and parks. Data are not available to develop a CL prediction equation
for such watersheds, therefore, the desert/mountain CL equation was modified
based on other -considerations as follows: Resistance factors for overland
flow are provided in the September 1990 HEC-1 Manual and SCS TR~55 (Appendix
C). The ratio of resistance factors for various surfaces to the resistance
factor for rangeland (natural) from TR-55 are as follows:

Ratio of Resistance Factors

Surface (Rangeland n = 0.13)
Cultivated, residue greater than 20% 1.3
Dense graas 1.8
Bermuda grass 3.2
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The ratio of resistance factors for various surfaces to the resistance facter

for rangeland (20% cover) from HEC-1 are as follows:

Surface Ratio of Regigtance Factors
n=20.06  n=0.25
Conventional tillage with residue 3.2 - 4.4 b - .9
Dense grass j.4 - 16.0 1302
Bermuda grass 6.0 - 9.6 1.2 - 1.9

Although there is tremendous variability in these ratios, a composite ratio of
agricultural/grass resistance factors to a rangeland {(natural} resistance
factor of 1.0 seems reasonable. Therefore, the Lag for agricultural/grass
watersheds would be about 3 times larger than the Lag for a comparable
rangeland watershed. The CL prediction equation for agricultural/grass
watersheds is:

CL = 3 x antilog (.1816 + .103 log DA + .307 log § ) (16)

Summary of CL, and Lag for use in Arizona

The recommended Lag equation is:

(10)

.35
Lag = CL[LXLCA]

ol

(v

where CL is estimated by Equation 14 for desert and mountain watersheds, by
Equation 16 for agricultural/grass watersheds, and by Equation 15 for urban

watersheds. Those equations, rewritten in more convenient form are:

desert and mountain watersheds,

cL = 1.5 a4l g (17)

agricultural/grass watersheds,

ct = 4.5 ¢! (18)
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urban watersheds,

A a6
cL E'O_A_ST (19)
RTINP *
where A is drainage area in square miles,

S is watershed slope in feet/mile, and

RTIMP is impervious area in %.

Adjustment of Lag for Return Period

It is assumed that the Lag that is estimated by Equation 10 with CL
egtimated by Equations 17, 18 and 19 provides an estimate of Lag for severe
storms that produce floods of approximately the 100-yr return period. The Lag
should be increased for less severe storms and should be decreased for use in
estimating floods larger than the 100-yr. Data are not available to provide
definitive guidance for adjusting Lag for flood return period. Previous flood
studies (Tucson Arroyo) for the District indicate that the following Lag
frequency factors may be appropriate:

Return Period Ff
years

100
50
25
10

2

[ S
. e .

[ QES IS I S I e ]
Vo W

Additional testing of this method using gaged watershed data could be
used to confirm or modify the use of flood frequency factors.

Adjustment of Lag for use with SCS Unit Mydrographs

As previously discussed, there are several definitions of Lag and the
definition of Lag as used herein is not the same as the SCS definition of Lag
used with its unit hydrographs. Appendix D provides a comparison of this
definition of Lag to the §CS Lag. The SCS Lag can be estimated by

Lag (SCS) = 0.77 Lag (20)
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where Lag is calculated by Equation 10,

COMPARISON OF UNIT HYDROGRAPHS FOR SELECTED BUCKEYE FIS SUBBASINS

Four subbasins from the Buckeye FIS watershed model were gselected and
unit hydrographs by four methods were calculated for each. These four
subbasins are shown in Figure 17, and the watershed characteristics are shown
in Table 4. Three of the subbasins (#50, #37 and #48) are agricultural
fields, and one subbasin (§1) is desert.

The four unit hydrograph procedures are:

1. Clark with parameters according to the Manual,

2. Phoenix Valley S-graph with Lag by the traditional method({procedure in
the Manual),

3. Phoenix Valley S-graph with Lag by the new Lag relation., and

4. SCS Dimensionless unit hydrograph with Lag = .77 X new Lag.

The calculated unit hydrograph parameters are shown in Table 4, and
graphical comparisons of the unit hydrographs for the four subbasins are shown
in Figures 18 through 21.

Discusgion of the comparisons is as follows:

1. The Clark unit hydrograph procedure was developed from a data base that
did not include irrigated agricultural fields, and that procedure, as
defined in the Manual, probably should not be applied to such watersheds
or subbasins. The Clark unit hydrographs shown in Figures 18, 19 and 20
do not look appropriate for the very flat sloped agricultural subbasins
{the peaks are too high and the times to peak are too short}.

2. 1In Table 4, the traditional Lag (Column 10) and the new Lag (Column 12)
are quite comparable for all four watersheds.

3. For the three agricultural subbasins (#50, #37 and #48), the unit
hydrographs by the S-graphs, by both traditional Lag and the new Lag, and
the SCS Dimensionless unit hydrograph, agree fairly well for hydrologic
estimation purposes.

4. For the desert subbasin (#1), both the S-graph by the traditiomal Lag and
the Clark yield nearly identical results. This indicates that for smail
degsert/rangeland watersheds that the two methods should yield similar
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results, and this is reassuring.

5. For subbasin #1, all four unit hydrographs are comparable. Accuracy of
one method over another cannot be judged, but the four methods would
probably produce similar Qp's when used with a 6-hr or longer storm.
Previous verificaticns have indicated that the existing Clark and S-graph
procedures yield good results and therefore, by extension, the other two
methods using the new Lag relation should yield similar results for small
degsert/rangeland watersheds.

EVALUATION OF NEW LAG USING WATERSHED DATA FROM PREVIOUS VERIFICATIONS
The procedures in the manual have been verified against gaged data for

seven watersheds. Those watersheds are:

ID Code Name and Location Type of Watershed
AFT Agua Fria R. trib., Youngtown, AZ urban
TA Tueson Arrovo, Tucson, AZ urban/commercial
AA Academy Acres, Albuquerque, NM urban
WGll Walnut Gulch 63.011, Tomhstone, AZ rangeland
WGa Walnut Gulech 631.008, Tombstone, AZ rangeland
cc Cave Creek, Cave Creek, AZ desert/mountain
UAFR Agua Fria River, Mayer, AZ mountain

That watershed data was uged to compare the estimates of 100-yr flood peak
discharges using the two unit hydrograph procedures in the Manual with the
results that are obtained by using the new Lag relation with an S-graph.

The watershed characteristics and unit hydrograph parameters for each of
the three unit hydrograph procedures are listed in Table 5. The Clark unit
hydrograph parameters (T, and R) were calculated by the MCUHP1 Program using
the Maricopa County 6-hr rainfall distribution and the appropriate Green and
Ampt parameters from the verification studies (see the Documentation/
Verification Report). The Clark unit hydrograph was not calculated for the
Cave Creek (CC) and the Agua Fria River (UAFR) watersheds because the drainage
areas for thogse two watersheds exceed the size limit for application of the
Clark parameter estimation equations. The Clark unit hydrograph should not be
applied to the ¥Walnut Gulch 63.008 watershed (WG8) because the calculated T,
(1.5 hr) exceeds the duration of rainfall excess (1.0 hr). The Clark

parameters for WG8 are shown for comparison purposes only.

The S-graph Lag was calculated by two methods; (1) the traditional Lag
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requiring the selection of K, from the best available information and use of
either the Corps or the USBR Lag equation as shown in Table 5, and (2) the new
Lag relation with CL calculated by Equation 17 for desert and mountain
watersheds and Equation 19 for urban watersheds. The caleulated Lag for each
watershed is shown in Table 5, column 11 by the traditional Lag method, and
Column 14 by the new Lag relation. The Phoenix Mountain S-graph was used for
CC and UAFR watersheds and the Phoenix Valley S-graph was used for the other
five watersheds.

The Lag by the new Lag relation is greater than the Lag by the
traditional method for the five smaller watersheds (AFT, TA, AA, WG1l and
¥G8), and was less for the twe larger watersheds (CC and UAFR). Accuracy of
either Lag calculation cannot be determined for any of the watersheds except
UAFR for which the two Lags {one for a local storm and one for a genéral
storm) were measured from actual runoff data (see the S-Graph Report). The
new Lag relation provides a reasonable estimate of Lag for that watershed.

Those unit hydrograph parameters were used with HEC-1 models of the
watersheds to estimate the 100-yr flood peak discharges (Table 6). Input to
the models was according to the Manual and the 6-hr storm distribution was
used {or all of the watersheds except UAFR for which the SCS Type II
distribution was used because of the watershed size (588 square miles).

Discussion of the model results from Table 6 is as follows:

1. The Clark unit hydrograph procedure is intended to be used with small
watersheds or subbasins (less than 5 square miles), and was primarily
developed for urban applications although it is also applicable for
undeveloped watersheds. Therefore, the Clark is most appropriately
applied to AFT, AA and WGl11l, and the Clark model results are the best for
those watersheds.

2. The TA watershed exceeds the 5 square mile size recommendation but not
the 10 square mile limit for application of the Clark, and the Clark
again has the best model results for TA. However, the S-graph with the
new Lag relation vields very good results that are better thamn the §-
graph with the traditional Lag.

J. None of the HEC-1 models are particularly good at reproducing the flood
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frequency relations for WG8 or WG11. Although an event simulation using
rainfall and runoff data for WG8 has verified that the Maricopa County
procedures with the Clark unit hydrograph do very accurately reproduce
both the rainfall losses and the runoff response for this watershed. It
is possible that the flood frequency relation for these watersheds is
weak. Nonetheless, the S-graph with the new Lag relation produces
results that are comparable with the other two unit hydrograph
procedures.

The new Lag relation produces results that agree very well with the
traditional Lag equation for the two larger watersheds (CC and UAFR) for
which S-graphs are intended to be applied.

CONCLUSIONS

1.

28-2-1

The new Lag relation of Equation 10 is a theoretical improvement over the
traditional Lag equations. Thia by itself may have value to the
theoretical hydrologist, but offers little to the practicing hydrologist.
The main advantage of the new Lag relation is that Lag is more sensitive
to slope than the traditional equations. This greater sensitivity to
slope should lead to improved estimates of Lag.

Three equations are provided for estimating CL in the new Lag equation;
Equation 17 for deserts and mountains, Equation 18 for agricultural
fields, and Equation 19 for urbanized areas. These equations can be
applied by using readily obtainable watershed characteristics without
subjective decisions, such as selection of K, in the traditional Lag
equations.

Use of Equation 10 for Lag along with Equatioms 17, 18 and 19 for CL
should produce estimates of Lag that are reproducible for all
significantly representative watersheds in Maricopa County.

The SCS Dimensionless unit hydrograph with Lag estimated by Equations 10
and 18 (times 0.77 to correct for the different definitions of Lag),
probably provides as good a representation of runoff from agricultural
fields as does the Phoenix Valley S-graph with Lag estimated by either
the traditional method or the new Lag relation.

The Clark unit hydrograph procedure in the Manual was not developed for
agricultural fields and should not be applied for those applications
without additional development. Given that other unit hydrograph methods

14




are available that may be appropriate for agricultural fields, there does
not seem to be justification for developing modifications to the Clark
procedure for agriculturai areas.

A major weakness of the Lag equations is that they do not account for
changes in hydraulic efficiency of the watershed due to varying rainfall
intensity; that is, Lag should increase with decreasing rainfall
intensity (rainfall return period). Frequency factors to be applied to
Lag are suggested based on some limited verifications that were
previougly performed.

RECOMMENDATIONS

1.

28-2-1

Consider adoption of the new Lag relation (Equation 10} along with the CL
estimators (Equations 17, 18 and 19} in the Manual in place of the
traditional Lag equations.

Consider adoption of the SCS Dimensionless unit hydrograph with Lag =
0.77 x new Lag, and the new Lag estimated by Egquations 10 and 18, for use
with agricultural fields.

Consider adoption of the SCS Dimensionless unit hydrograph with Lag =
0.77 X new Lag, and the new Lag estimated by Equations 10 and 17, for use
on small, desert/rangeland subbasins of models.

Continue to use the Phoenix Valley and Phoenix Mountain S-graphs (with
the new Lag relation) for large (maybe larger than 25 square miles)
modeling basins and subbasins.

Continue to use the Clark unit hydrograph, as defined in the Manual, for
urban and urbanizing areas. '

Consider development and/or adoption of Lag frequency factors.

15




IMPLEMENTATION
The Recommendations, if adopted, would have long-term implications on how

hydrology is performed in Maricopa County. Therefore, the consequences need
to be carefully evaluated before adoption. The following studies should be

conducted as part of that evaluation:
1. Perform a more extensive comparison of the various unit hydrograph
options:
a. Clark,
h. &5-Graph with traditional Lag,
¢. S-Graph with new Lag, and
d. 8CS Dimensionless with new Lag.
Perform these comparisons for a larger and more diverse selection of
wvatershed types. Data is probably available for this from previously
performed AMDS and FIS projects. Compare the unit hydrograph parameters,
unit hydrograph shapes, and Q;p estimates for the selected subbasins.
2., Use the existing verification data for the TA, WGBS, WG1ll, and CC
watersheds to further test and refine the suggested frequency factor
table for adjustment of Lag for various return periods.
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REF TYPE Station and Location i L LCh LWk § LAG BICA L CLi LAG] t12 G2 ) LAG3 CL4 LAe4

No. sq.mi.  miles  xiles feiai brs over peasured estimated hrs  estimated hrs sstinated hrs estimated hrs
seasured St4 estinated estimated estigated estigated
1 D Salt River af Roosevelt, AL 411,00 145,00 60.00 £.84  47.00  16.00 3.93M433680 1136 11,02 15.52 11.53 16.24 11.86 16.71 O 16.54
2 D Werde k. above B. Verde and below Jerome, AL 3196.00 11008  47.00 .19 46,40 12.00 2.401345125 364 1123 1398 11.03 1nn 141 .0 11.31 14.10
3 D fTonto Cr. above Gun Cr., A2 673,00 41,00 16.5 2.4r 104,80 $.50 0.06183073% 13,04 11.8% 5.9 12.52 6.24 12.51 6.27 12.19 5.18
¢ D Aqua fria B. nr. Kayer, Al 50,00 4200 1400 .99 .18 5.40 0077507006 10.23 1184 .14 11.48 b.0b 11.67 6.16 11.5% 6.09
5 B San Gabriel R. at Sam Gabriel Lam. CA 162.00 2120 11.60 3.312 350.00 3.30 0.002196898 5.4 13.15 2.85 15.97 3.46 15.43 LU 15.50 1.3%
6 D hest fb. Sap Gabriel ®. at Coasweli Dam, Ch it.40 3.0 §.20 .14 450.00 1.60 ©0.0001%268%  13.5¢  14.80 1.65 15.13 1.78 14.60 .n 14.5] i1
1 B Samta Mnita Cr. at Sants Anita Dam, Cd s.80 5,80 2.30 111 690.00 1.16 0.000e304% 1481 15.H 1.13 1514 1.1 14.54 1.08 14.44 1.07
B D Sam Disas Cr. af San Dimas Dam, [0 16.20 1.60 £.30 457 H0.00 1.50 ©.00028322) 12,41 1.3 1.62 13.13 1.66 1L B8 1.1 1.58
§ 0 Eatos %ash 3t Baton Wash Daw, 3 . 4.59 1.3 {4 5.61  £00.00 1.30 4.000089223 1% WL 1.3 14,37 1.4 13.83 1.3 13.8% 1L.H
18 D San Antorie Cr. nr. Claremost, Ch 16.90 5.90 100 2.06 1017.00 1.28 0.000017113 1866 17.42 1.12 11.60 1.13 16.65 .07 1.0 1.10
11 D Samta Clara R. 2r. Saugus. Ch 355.00  26.00  i5.00 3.65  140.00 5.60 0.02%020408  13.57  11.842 1.8 12.92 5.3 12.86 5.3 12.6% 5.23
12 D fPewecela Cr. at Pauba Canyon, (A 168,00 26.00 11.30 (.02 150.08 3,70 6.01305777¢  10.95 1141 1.9 12.16 .11 12.15 1.1 11.%% 4,05
13 D Santa Kargarita R. nr. Fallbrook, CA $45.00  46.00  22.00 128 105.00 7.30 0.091791283 1326 11.6% 6.4 12.46 .88 12.82 .89 12.4 6.80
14 D Samta Hargarita R. at Ysidora, Ch 10.00  £1.20  34.30 5.06  B5.00 9.50 0.2905411%6  12.94  11.20 8.2 11.78 §.59 1.8 .11 i.n 8.62
15 b Live 0ak Cr. ar Live Oak Dan, (A .1 1.9 1.3 1.66 700,00 0.80 2.000008878  14.68 1511 .83 13.04 1 1.5 0.69 1.9 0.68
16 Tujunga Cr. at Big Tujunga bam, T 81,40 15.10 1.3 2.8 280,00 L350 0001310762 1314 1.9 2.45 14.13 .69 13.719 2.62 13.63 2.5%
17 D Murrieta Cr. at Tznecula, Ch 220000 2120 10.36 136 95.00 {,00 0.03104265% 9.33  11.61 .98 18.47 1.3 10.711 4.50 .72 4.50
18 D Los hngeles 8. at Sepulveda Dax, CA 152.00  19.00 9.00 2,38 145.00 1.58 0008123175  11.65 1212 LR 1| 11.86 .56 11.89 3.57 .75 1.5
18 D Paceina Wash at Pacoima Dam, Cl 2180 15.00 8.0 £.99  315.00 2.40 6001209373 12.81 114 2.3 1.97 2.42 12.11 2.1 12.51 2.1
20 D/U East Pellerton {r. at Fellerton Dam. CA .10 L 1.70 3.30 1a0.Ob 0,60 §.000277551 L 1LY 1.M £.13 0.7 .54 0.36 1.4 1.00
21 D/U Sam Jose Cr. at Workman Nill Rd. C1 B1.30 2370 5.10 £.91  75.00 2,40 0.03234130 5.2 10.7%5 L1 1.9 1.52 B.48 1.75 8.9% 1.98
22 B Gila . 2t Conmer No.  Dawsite, ML mee.00 131,00 71.00 604  29.00  21.50 11.05%453032 11.19 1066 1%.03 812 15.%0 .41 11.16 .69 1167
23 D San Francisco B. at Jjct. with Blue B, AL 2000.00 130,00 74,00 £.45 32,00 20.60 §.39453125¢ 1.1 1017 140 b.67 15.17 9.3 16.34 $.63 16.86
4 b Bluer., er. Clifton, AL 19600 77.00  37.00 .51  £5.00  10.30 067418521 1131 1B.5% .57 18.57 9.58 10.990 5.8 10,88 .86
25 D Wew River at Rock Springs, AL 61.30 0.2 9.7¢ 6.06 141,00 3,10 0.009255641 1132 1.8 10.57 11 1n.n kY 1.1 1.1
26 0 New River at New River, ML 8510 23.30 1300 6.28 145,00 3.8 0.015006897  10.57 1L 3.96 11.04 L 1n.14 1.9 11.07 1.88
21 b Sev E. at Bell oad nr. Phoenix, AL 187,00 41,60 20.70 12,12 83.00 §.30 0.163028016 1.52 1 5.91 9.62 5.91 .97 5.1 15.11 .32
21 D/U Stenk Cr. or. Phoenix, A2 B4.60  17.60  10.00 L8 9.0 2,40 0.022319417 b.22  11.28 1.35 8.1 1.8 .85 3.4 9.26 3.57
2% M Purgatoire . at Trimidad. CO T42.00  44.00  20.00 LBl 15%.00 800 D.0MMROETSE  18.53  12.06 5.35 14.56 §.28 14.33 .19 14.23 6.14
30 BN Dry Gulch ar. Estes Park, (D .1 .1 1.00 147 195.00 £.90 0.000B3l026  1%.06  12.1% 0.%5 L9 0.61 9.06 0.6b .40 0.70
3] - BN Rabbit Sulck nr. Bstes Park, €0 L4 1 1.50 L0 .00 1.00 0.000021484 1468  13.96 6.%5 11.88 0.81 11,60 0.79 11.47 0.78
32 EX Worth Fk. Big Thompson R. nr. Glep Haven, €O 1.3 1.36 1.30 .78 709.00°  £.70 D.opOOB4RIE 1487 15.42 6.7 12,04 .58 1.4 b.56 1.1 0.55
338X Coal Cr. nr. Cedar City, UT 92.00  16.50 L1 236 310.00 2.40 0.00121%043 12844 1299 .43 14,61 2.13 14.21 2.66 14.08 .63
M g% Sevier B. pr. Batch, U? 4000 29.00 MO L3 1e.n0 5.10 0.040500000 13.36  11.87 5.2¢ 15.5 £9 11.13 5.00 11.07 1.9

15 RM Sevier B. nr. Rimgston, U7 1110.00  83.00  40.00 5:55 49,00 11,00 1.356097459  10.17  10.77 1.5 wn 10.56 10.24 11.67 1.3 n.an
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From e S-Graph Sty ((Sabel
%0, TYPE Station and Localion 1
sg.ei.

1 D HNewR. # fell ud. (Dec E71 i87.00
2 D Kew R, & Bell Rd. (Sept 70} 18700
3 Df0 Skunk Ck. nr. Phoepix (Dec 671 84.60
4 DJUu Skunk Ck. mr. Phoenix (Sept M) 84.60
5 D Cave Ck, @ Phoenix [Dec 471 70.08
b D Cave Ck. @ Phoepix {Sept 7D} 10.00
T D Queen Ck trib. @ Apache J. {Dec 7} 0.51
8 D Queen Ck trib. & kpache J. {%ept 70 .51
9 0 Queen Ck trib. @ pache 3. {Sept 1H §.51
10 9 hgua Pris R. trib. # Younatown {Sept 70} 0.13
11 U Agea Fria R. trib. ® Yousgtown [Sept 70} h.13
{2 U New R. nr. Rock Sprinas [Dec £7) 67.38
13 D Hew R. nr. Rock Sprinas [Sept 70} §7.30
14 D New . # Wew River (Dec £7} 15.70
15 0 New R. ® New River [Sept 70) 85.710
i6 D Indian Bend Wash nr. Scottsdale {Dec’th 142.00
11 D Irdian fend Wash ar. Scottsdale (Sept 70} H2.00
18 D Indian Bepd Wash nr. Scottsdale [Jume T2} H2.00
19 b Kew E. mr. Glendale (Dec £7) .00
20 D PFew. R. nr. Glendale [Sept 70} 123.00
21 b lgua Fria R. B Avondale {Dec £7) 118.00
22 0 hgua Pria R. @ Avondale (Sept 70) 718.00
23 1 Moencopi Wash ar. Tuba City 2490.00
20 Clear X, nr. Winslow 801,00
5 U Verdugo ¥ash, {1} 26.80
53 RM inimas R. W Pareington. WK 1360.00
51 g Backhorn Ck. or. Masomville, €O 6.90

THELELE 2

—

o
tn

i

{1.60
1769
17.60
17.60
26.00
26.00
1.50
1.50
1.50
t.1
5.7
.20
20.20
26.20
26.20
21.70
.
.1
55.50
55.50
£1.00
£1.00
8.5
R
.46
106.30
6.40

LCA

giles

20.78
20.70
9.90
9.50
11,88
11.80
0.7%
.15
b.7%
0.3%
0.39
.10
9.70
12.40
12.40
13.80
11.60
13.60
20.60
20.60
.2
7.2t
36.30
H.n
5.10
55.20
140

LR

12.12
12.12
4.8
4.80
9.t
4,86
.4
i41
L4
4.56
458
£.96
6.06
£.01
B0
5.40
.40
5.40
9.54
954
5.18
5.18
rR i
10.92
.15
1.1
5.4

o 7S i

ft/ai

83.40
£3.40
161.90
101.%0
15.96
15.90
§7.00
E1.00
51.00
16.00
16.99
1w
1140
121.60
121.60
£4.20
b4.20
64.20
13.60
13.60
68.90
6%.90
42.10
1.0
0.00
140
12.00

LAG

bhrs
neasuted
.85
5.8
2.95
2.1
§.9%
5.88
0.8
0.95
[
0.96
1.0%
2.5
2.50
1.2%
N
§.02
1.3
1.10
10.59
6.9¢
10.68
1.4
9.20
11.20
.64
12.90
1.48

L2LCh
over
1R
0141559134
0.14165834
0.016780291
0.016780291
£.053256 400
B.053236400
0.000250613
1.000250813
D.000250613
0.001273047
0.001173047
0.00579996
0.509799960
0.021971304
0.021971304
0091400510
B.0%140051¢8
b.031400510
0.211059340
0.21105934¢
0.349510555
0. 349510555
1.730609735
2.1715b454%
0.000676171
1.119425536
0.000223537

L (]
geasurad astimated
14.43 1.1
L 5.1
B.20 11.35
§.00 1135
19.39 10,18
12.2¢6 10.18
6.8 11.23
1.5% 1.3
6,28 1122
5.19  10.8%
5.40  10.89
$.23 1.3
1.9% 1133
11.04  i6.80
.06 10.80
.5 1.6
13.29  1L.00
5.64  11.00
15.62  10.19
18.18  10.38
13.39  11.08
10,14 11.08
$.02 1140
5.23 9.8
.87 1259
1254 10.44
p1g 12,38

LAG1
hrs

estimated

5.95
5.95
4.0%
1.08
1,89
.99
1.1
1.
1.41
2.0
2.02
1.5
1.36
1.16
191
.08
6.05
6.05
6.91
5.51
8.52
8.52
13.08
12.01
2.0
10.74
1.3]

CL2
estinated

2O o e e
. e e e .
P o]
O O G L) e e

D it
-1.31
-3
10.58
10.58
1.4
10.24

8.8

1.0%

L.t

§.85
9.15
10.70
10,10
10.23

509
12.8
1i.M
16.93

LaG2
hrs

estimated
5.91
5.9
3.5
1.2
1.1
1.1
0.02
0.02
8.02
-1.54
-1.54
1.1
3.3
LM
ET |
L4
1.4
1.4
6.68
6.68
1.22
8.2
11.7¢
8.42
2.0
12.18
L.

(L3
estigated

9.9%
9.99
98.3%
9.38
1.3
£.33
1.3%
1.8
1.1
-§.0)
-6.83
10.72
18.72
10.4%
1415
£.60
k.60
g.co
16.21
10.21
11.08
11.00
10.70
8.
12.59
12.84
8.4

A6
brs

estimated
6.13
5.13
3.1
3.38
1.00
4.0
0.17
0.17
0.17
-1.12
-1.12
1.1
.
1.02
1.02
1713
L
N
.92
.32
$.46
3.6
12.21
19,82
2.03
12.38
1.1

i
estigated

19,13
10.13
9.5
9.5
B.Y
8.8
5.15
5.15
5.1%
2.
2.0
1.1
10.72
10.4%
10.49
.08
9.0b
9.08
10.31
10.31
10.97
0.9
10.72
9.19
12.4%
11.89%
18.81

LAGS
hrs

estinated
b.21
6.2
3.4
1.4
.27
.27
0.65%
0.85
8.65
0.53
0.5)
i
.37
1M
.M
1%
1.99
4.99
.99
6.%9
1.1
1.4
12.29
11.16
2.00
1.2}
1.1
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k&ﬁgﬁﬁed_,cﬁmaéﬂsﬁwzé__lgy___
kef. Station and Location A L LCA L¥F s LG LALCA L CL LG BTINP
Ho. sg.ai. ailes  oiles ft/ai brs over aeasuted estisated hrs
aeasured g1 estinated
1 Alhaabza Wash above Short St.. Momterey Park. Ch 14,00 §.50 1.50 b.45 33,00 0.60 0.00604844) 2.15 3.42 0.95 {0
3 5an Jose Cr. at Workman Ril} Rd., ¥hittier, Ch 8.3 231 9.10 §.91  15.00 2.40 0038341333 5.42 L0 1.8 35
} Broadway Drain at Raymond Dike, Ch .50 1.9 L1 .52 100.00 0.0 D0.000578800 1.93 .42 g.45 45
4 Coapton Cr. below Booper Ave. Storm Drain, L.A., CA 19.50 8,40 1.2 1.9 1L.6D 1.80 0.173198888 .18 1.62 o4 60
5 Ballona Cr. at Sawtejle 81vd., L.A., CA §a.60  11.80 5.60 1.51 £4.00 1.20 0.616132313 ERRY i) 1.32 - 10
6 Brays Bayor, Roustoa, 7% 86,40 23.30  1D.40 6.14 .10 2.10 144152249030 1.08 1.38 2.6 40
T White 0ak Bayou, Houbtom, TX 9380 2310 J12.80 5.80 5,00 3.10 11.827200000 1.67 1.5 2.9 3%
& Boneyard Cr., Austin, TI 4.5 2.80 1.30 1.1 9,50 0.80 0.040332410 1.1 1.42 0.4 B
9 ¥alier r., Austin, T2 L0 5.0 1.90 6.60 48,00 1.08 6.0042381H 1.9] 2.83 0.712 27
10 Beargrass Cr., Louisville, K¥ 9.7% 5.60 .50 1.23 §.30 0.90 10,352733686 1.11 1.85 0.81 10
11 17th Street Sewer, Louisville, XY 0.20 £.90 0.30 4.05  dp.pt 0.15 0.000417iE8 1.4 1.y 614 93
12 Northwest Trunk, Louisviile, &Y L.90 3.00 1.10 1.1 19.00 6.40 o.009M412N 1.2% 1.51 0.47 50
13 Southern Outfall, Louisville, RY 6.40 6.40 1.50 6.4 13.00 £.70 D,0%4674556 .26 1.50 0.83 48
14 Southwest Outfall, Louwisville, £Y 1.58 6.50 2.70 5.6 1B.50 0.50 0.951278105 1.03 1.99 0.95 1
15 Beargrass Cr.. Lowisviile, FY 6.30 .00 1.40 2.54 150 1.06  0.35555555¢ 1.3 1.4 1.9 20
6 Tripps Run nt. Falls Church, ©a . 1,60 {10 1.9¢ 1.8%  52.40 0.9 0.C02880911 1.48 .91 .61 3t
17 Tripps Run at Falls Church, Vi 1.5¢ .30 1.00 2.9 15.00 0.50 8.00036853) 3,61 1 044 25
1% Pour Kile Run at Alexandria. V2 il 1.80 1.50 .23 4100 1.4 0.014764138 4.02 kR 1| 1.20 20
19 Liktle Pinmit Rua at Arlisgton, VA L .2 1.00 .16 7150 0.40 0.00DITI05E 2.88 1.53 0.4 20
a0 Piney Branch at Vienna, VA . 0.30 0.50 $.20 b.83 §7.00 0.20 0.000013212 1.2 2.60 0.if m
21 Falker Avenve Drain at Baltimore, HD 0.20 1.00 t.40 5.00  gl.00 0.20 0.000854064 .0 .0 [0 T £




TABLE 4

Comparison of unit hydrograph parameters for selected subbasins from the Buckeye FIS watershed model

Subbasin Type? Watershed Characteristics Unit Hydroqraph Parameters
A L LCA S Clark Traditional Lag! New Lag® scs Lagd
sq.mi. mi. mi. ft/mi. T, R K, Lag CL CL Lag

hr hr hr eg'n hr hr

(1} {2) (3) (4) {5) (6) (1) (8) (9) (10) (11) (12) (13) (14)
§50 A 1.0 1.98 .99 31 .89 .56 .2 3.23 18 12.61  2.67 2.06
§17 A .125 1.82 .31 38 .16 .53 .2 2.91 18 12.98 2.41 1.86
§48 A .486 .49 .25 22 .60 .31 .2 1.56 18 10.58 1.59 1.22
il D 1.672 2.15 1.3 28 1.00 .51 .05 .94 17 4.29 1.05 .81

a - A, agricultural
D, desert

b - Lag = 24 K (L x Lca/s!/?)-3
Lag = CL(L x LcA/sd)-&
SCS Lag = .71 x new Lag

38-2-T




TABLE 5

Comparison of unit hydrograph parameters for watersheds that

were used to verify the Maricopa County Hydrologic Design Manual

Watershed Typea Watershed Characteristics Unit Hydrograph Parameters
A L LCA S RTIMP Clark Traditional Lag New Lag?

sq.mi. mi. mi. ft/mi. % T, R K, Lag CL CL Lag

hr hr hr eq'n hr

(1) (2) (3) (4) (5) (6) (1 (8) {(9) (10) (11) {12) {13) (14)
AFT U .13 1.023 .5 5.8 25 .13 .85 .015 .23¢ 19 .96 .34
TA u 8.12 6.18 2.7 37.1 20.2 .93 .45 .015 548 19 3.09 1.01
AA u .124 .90 .52 105 28 .24 .23 .015 148 19 2.61 .21
¥G11 R 3.18 4.0 1.8 100 0 .64 .35 .03 . 708 17 6.70 1.10
WG8 R 5.98 8.0 3.6 15 0 1.53 1.13 .03 1.16° 17 6.55 1.75
cC D/M 126 28.3 19.4 103 20 -—= - .045 4.92f 17 9.1 4.66
UAFR M 588 42.0 14.0 87.1 0 - - 043¢ 4.99f 17 10.84 5.72

0591 6. 84f

a - U, urban
R, rangeland
D/M, desert and mountain
M, mountain

b - T, exceeds duration of rainfall excess,
tﬁerefore the Clark should not be used (comparison only)

¢ - Ref., S-Graph Report, Table 7, #21 (local storm)

d - Ref., S-Graph Report, Table 7, §22 (general storm)
e - Lag = 26 Kn(L X LCA/SIIZ)J3 {Corps)

f - Lag = 24 K (L x LcA/st?) (USBR)

g - Lag = CL(L x LCA/s%H-¥

28-2-T



TABLE 6

Comparison of 100-yr flood peak discharge estimates

using the selected unit hydrograph procedures

Watershed Flocd Frequency Qpgp_from HEC-1 models
Best Estimate Clark 5-Graph 5-Graph
Traditional Lag New Lag
cfs cfs cfs cfs -
(1) (2) {3) {4) {5)
AFT _ 190 120 310 310
TA 7.600 7,400 9,670 6,890
AA 180 200 300 260
¥G11 6,500 4,380 4,230 3,170
WG8 6,200 3,820°8 5,290 3,880
cc 14,600 === b 9,360 10,350
UAFR® 37,000 @ —-—— b 56,6000 64,500

a - calculated T, (1.5 hr) exceeds duration of rainfall excess (1.0 hr)

b - watershed too large to apply the Clark unit hydrograph as described
in the Manual

¢ - SCS 24-hr rainfall distribution was used

d - calculated with Lag = 6.84 hr from a K, = .059 for a general storm

28-2-T
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Table 4-3.—Unit hvdrograph lag data for the Southwest Desert. Great Basin, and Colorado Platean.

i |
Index Drainage Basin factor, Lag time, . ay
No. Station and location area, :-r?i2 cal 3" Lg,ghours K, < 8 &
1 Salt River ar Roosevelt, AZ 4341.0 1261.0 16.0 0.058 .51 g
2 Verde R. above E. Verde and below Jerome, AZ 3190.0 760.0 12.0 052 1.35 < \
3 Tonto Cr. above Gun Cr., AZ 678.0 66.3 6.3 .063 1.64 :Un \Q
4 Agua Fria R. nr. Maydr, AZ 380.0 63.2 54 053 1.38 D )
5 San Gabriel R. at San Gabriel Dam, CA 162.0 14.4 3.3 053 1.38 5 h"
6 West Fk. San Gabriel R. a1 Cogswell Dam., CA 40.4 L8 1.6 051 1.33 0
7 Santa Anita Cr. at Santa Anita Dam, CA 10.8 0.6 1.1 050 1.30 < §
8 Sand Dimas Cr. at San Dimas Dam, CO 16.2 2.0 1.5 046 1.920 z h
9 Eaton Wash at Eaton Wash Dam, CA 95 1.3 1.3 2046 1.20 % N
10 San Anwonio Cr. nr. Claremont, CA 16.9 0.6 1.2 055 1.43 c
11 Sania Clara R. nr. Saugus, CA 355.0 48.2 5.6 060 1.56 E X
12 Temecula Cr. at Pauba Canyon, CA 168.0 24.1 3.7 050 1.30 —
13 Sama Margarita R. nr. Fallbrook, CA 645.0 949.2 7.3 062 161
14 Santa Margarita R. at Ysidora, CA 740.0 298.0 935 .061 1.59
15 Live Oak Cr. ar Live Oak Dam, CA 2.3 0.2 0.8 052 1.35
16 Tujunga Cr. at Big Tujunga Dam,. CA 81.4 6.5 25 052 1.35 k
- 17 Murrieta Cr. a1 Temecula, CA 220.0 28.9 4.0 051 1.33
) 18 Los Angeles R. at Sepulveda Dam, CA 152.0 14.3 35 056 1.46
19 Pacoima Wash at Pacoima Dam, CA 278 6.8 2.4 049 $.27
20 East Fullerton Cr. at Fullerton Dam, CA 3.1 0.5 0.6 629 0.75
21 San Jose Cr. a1 Workman Miil Rd. CA 81.3 248 2.4 032 0.83
22 San Vincente Cr. at Foster, CA 75.0 12.8 32 033 [.38
23 San Diego R. nr. Santee, CA 380.0 95 4 9.2 078 2.03
24 Deep Cr. nr. Hesperia, CA 137.0 28.1 28 036 0.94
25 Bill Williams R. at Planer, AZ 4730.0 1476.0 16.2 056 1.46
26 Gila R. at Conner No. 4 Damsite, AZ 2840.0 17220 215 071 1.85
27 San Francisco R. at Jet. with Blue R.. AZ 2000.0 1688.0 20.6 .068 1.77
28 Blue R., nr. Clifton, AZ 790.0 352.0 10.3 057 1.48
29 Moencopi Wash nr. Tuba City, AZ 2490.0 473.0 9.2 46 1.20
30 Clear Cr. nr. Winslow, AZ 607.0 570.0 11.2 053 1.38
31 Puerco R. nr, Admana, AZ 2760.0 12350 15.9 .058 1.51
32 Plateau Cr. nr. Cameo, COQ 604.0 809 79 069 1.79
33 White R. nr. Watsen, UT 4020.0 1473.0 13.7 054 1.40
34 Paria R. at Lees Ferry, AZ 1570.0 296.0 10.2 060 1.56
35 New River at Rock Springs, AZ 67.3 16.5 3.1 047 1.22
36 New River at New River, AZ 85.7 26.3 37 043 1.25
37 New R. at Bell Road nr. Phosnix, AZ 187.0 108.0 53 043 1.12
38 Skunk Cr. nr. Phoenix. AZ 64.6 18.7 2.4 .035 0.91
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Table 4-2.—Unit hydrograph lag data for the Rocky Mountains, New Mexico. Colorado, Utah, Wyoming, Montana, Idaho, and Oregon.

Lag
Drainage Basin ume,
Index area, Factor, Lg,

No. Swation and location mi? LL /8 hours K, C,

1 Purgatoire R. at Trinidad, CO 742.0 69.8 8.0 0.076 198

2 Wood R. nr. Meeteetse, WY 194.0 41.9 21.5 241 6.27

3 Grey Bull R. nr. Meeteeise, WY 681.0 68.3 34.0 324 8.4°

4 San Miguel R. at Naturita, CO 1080.0 174.0 34.0 .238 6.19

5 Uncompaghre R. at Delta, CO 1110.0 216.0 36.0 .235 6.11

6 Dry Guich nr. Estes Park, CO 21 0.2 0.9 .059 £.53

7 Rabbit Gulch nr. Estes Park, CO 34 0.2 1.0 .065 1.69

8 North Fk. Big Thompson R. nr. Glen Haven, CO 1.3 0.1 0.7 .058 1.51

9 Uintah R. nr. Neola, UT 181.0 58.0 32.0 324 8.42
10 South Fk. Payente R. nr. Garden Valley, ID 779.0 123.0 300 236 6.14
11 Malheur R. ar. Drewsey, OR 910.0 114.0 30.0 242 6.29
12 Weiser R. above Craney Cr. ar. Weiser, ID 1160.0 310.0 37.0 214 5.56
13 Madison R. nr. Three Forks, MT 2511.0 2060.0 50.0 155 4,03
14 Gallatin R. at Logan, MT 1795.0 443.0 38.0 196 5.10
15 Surface Cr. at Cedaredge, CO 43.0 11.3 11.3 195 5.67
16 South Piney Cr. at Willow Park, WY 289 38 10.5 260 6.76
17 Piney Cr. at Kearney, WY 106.0 29.0 16.5 -209 5.43
18 Coal Cr. nr. Cedar City, UT 92.0 6.6 2.4 .050 1.30
19 Sevier R. nr. Hawch, UT 260.0 41.0 5.1 .058 1.51
20 Sevier R. nr- Kingston, UT 1110.0 469.0 110 056 1.46
21 Centerville Cr. nr. Centerville, UT 39 0.4 2.4 124 3.929
22 Parrish Cr. or. Centerville, UT 20 0.3 2.2 126 3.28
23 Florida R. nr. Hermosa, CO 69.4 12,5 15.5 259 6.73
24 Dolores R. nr. McPhee, CO 793.0 193.0 9.0 .061 1.59
25 Los Pinos R. nr. Bayfield, CO 284.0 350 28.5 339 8.81

SNOILYNIWHILIA HdVHBOHGAH
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Table 4-6.—Unit hydrograph lag data for urbun basins. 8

T

Lag é

Drainage Basin time, 8

Index : area, factor, L. 8

No. Sution and location mi? LL.,. s hours K, €, 2

i Alhambra Wash above Short Si., Monterey Park, CA 14.0 4.8 0.6 0.011 0.29 §

2 San jose Cr. at Workman Mill Rd., Whittier, CA 81.3 24.8 2.4 032 0.83 é

3 Broadway Drain ar Raymond Dike, CA 25 0.6 6.3 NiJE: 0.36 2
4 Compton Cr. below Hooper Ave. Sworm Drain, LA CaA 19.5 4.7 1.8 033 .86
5 Bailona Cr. at Sawiclle Bivd,, L.A., CA 88.6 4.3 1.2 23 0.60
6 Brays Bayou, Houston, TX 88.4 i21.0 2.1 Rl 044
7 White Oak Bayou. Houston, TX 92.0 134.¢ 3.1 024 0.62
& 8 Boneyard Cr., Austin, TX 4.3 1.2 0.8 029 0.75
g Waller Cr., Austin, TX 4.1 i4 1.0 034 Q.88
10 Beargrass Cr., Louisville, KY 9.7 5.6 0.9 020 0.32
11 17th Sireet Sewer, Louisville, KY 0.2 0.04 0.15 017 0. 44
12 Northwest Trunk, Louisville, KY 1.9 0.8 0.4 014 .36
13 Southern Quifal]l, Louisville, KY 6.4 4.4 0.7 07 0.44
14 Southwest Outfall, Louisvitle, KY 7.5 1.1 0.50 02 0.31
15 Beargrass Cr., Louisville, KY 6.3 3.4 1.0 026 0.68
16 Tripps Run nr. Falls Church, VA 4.6 W] 0y 033 1.86
17 Tripps Run at Falls Church, VA 1.8 0.26 0.5 030 0.78
18 Four Milke Run at Alexandria, VA 14.4 4.2 14 034 0.38
19 Liule Pimmit Run at Arlington, VA 23 0.25 0.4 024 0.62
20 Piney Branch at Vienna, VA 0.3 0.0} 0.2 035 .91

21 Walker Avenue Drain at Baliimore, MD 0.2 0.04 0.2 .0dd 0.37
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AprENDIX B

Description of the Storm and Flood of 12-21 December 1967
{Los Angeies District, 1974)

Storm and Flood of December 12-21, 1967,  This storm period consisted ol two
general storm systems - one during December 12 through 16, and the other during
December 17 through 21, During December 12 and 13, very cold air invaded Arizona from
the north while a deepening upper level low pressure center off the southern California coast
brought strong southerly winds aloft to Arizona and caused widespread substantial
precipitation over much of the state, Snow fall was very heavy in the mountain areas with
some stations reporting unprecedented snow depths and the snow level dropped to as low as
1,000 feet on December 13 and14. Precipitation from this first storm system generally
diminished from December 15 through December 17, as the storm began moving 1o the east,
A strong flow of warm moist air from the south began invading Arizona ahead of the second
storm system and rainfall over the area began to increase with the snow level rising to
around 5,000 feet. Around mid-day on December 19, precipitation became quite heavy over
the Phoenix area as a cold frant moved through the region from the northwest and a
considerable amaunt of melting snow was added to the runoff. Precipitation intensities
diminished and the snow level lowered once again fate on December 18, alfter the passage of
the cold front. New December precipitation records were set at several Arizona stations
during December 1867, including 16.21 inches at Crown King, 7.30 inches at Flagstaff, and
3.92 inches at Phoenix. All of the months' precipitation fell during the 10 day period of
December 12-:21 in central Arizona. The heaviest daily precipitation occurred on
December 19, with Crown King measuring 6.00 inches and Bumble Bee reporting 4.61
inches. With approximately & days of antecedent rainfait during the period December 13-18,
the ground conditions were ripe t0 produce sizeable floods in the Phoenix area during the
higher intensity rainfall which occurred during December 19. The New River-Skunk Creek

system groduced a peak of 19,800 c.f.s. near Glendale {323 square miles).
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Description of the Storm and Flood of 3-7 September 1970
(Los Angeles District, 1982)

isohyetal map on following page.

Storu aad Flood of 3—] September 1970, The storm began on 3 September
1a southern Arizona as moisture outflow from tropical storm Norma, west of
Baja California, began to move into Arizonma from the south. Showers pushed
northward across the state on 4 September, becoaming heavy at times.

5 September, a strong cold front moved acrogs Arizona from the west,
triggering a 12- to 24~hour period of rain that reached unprecedented
intensicies at some stacions. Preciplitation tapered off rapidly late on
5 September, and only a few light showers lingered on 6-7 September. ‘otal
storm precipitation in central Arizoona ranged from less than 1| Lnch around
Caolidge Dam (San Carlos Reservolr) to nearly 12 inches in the Slerra Ancha
Mountains northeast of Roosevelt Dam. Workmaan Creek, with a storm total of
11.92 inches, measured 11,4 inches in 24~hours—exceeding the previous all-
time Arizona 24-hour record by more than 5 inches., MNumerous other stations
recorded from 5 to 8 inches during the heaviest 24 hours (wostly on 5
September). In and uear the Agua Fria River drainage the storm total ranged
from 1.78 inches at Prescott to 7.01 inches ar Crown King. The latter station
recorded 4.50 inchea in the 24 bours ending at 6:00 p.w. on the 5ch. A large
portion of the waximum 24~hour precipitation fell within 4 to 6 hours. Total
scorm lsohyets for 4-6 September are shown on plate 1l. Much of cenctral
Arizona had received substantial precipitation during the firsc 3 cto 4 weeks
of August 1970. Thus, the ground was partially saturated in mosc areas at the
beginning of the September storm. By the time of the heaviest burst of rain
on 5 September condicions were favorable for heavy runoff. The high intensity
raln that occurred on the 5th resulted in extensive flooding, with some
streams recording all-time maxiwmum discharges. Oa the New River USCS
measurements at che gages near Rock Spripgs and at, New River list peak
discharges for 5 September of 18,600 and 19,500 ft” /s, respectively. On che
Agﬂu Fria River near Hock Springs the peak discharge on 5 September was 40,100
fr /s (ta?le 9). On the Hassayampa kiver at Box Damsite, near Wickenburg, the
58,000 fc~ /s recordeq on 5 September is more chan twice the previous kuown
maximum of 27,000 £t~ /g, which {8 estimated to have occurred im February 1927

and which occurred again in August 1951,

dn




>
3

)7

'~

\

7/
;’\

pd

e

L

A

S
. Ay,
]
iy

LEGEND
.2-  Line of equal precipitation
6.'5'23 Hactures indicate less rainfall than

value shown
11.4 Shows maximum rainfall where all
X isohyets cannot ba shown.

NOTE: Somae rainfall near the Mexican boundﬁly
occured before midnight on Seplemuver 3.

0 10 20 30 40 50
SCALE wuu i iy MILES

(SOURCE: REF. 2)

~ SASE FROM U3GS
N ISOHTENS WY BN ALDRIDGE, 171
pu—— Y

-

e ) - ——

GILA RIVER BASIN,
NEW RIVER & PHOENIX CITY STREAMS, AZ

ISOHYETAL MAP
STORM OF SEPT. 4-6, 1970

U5 ARMY CORPS OF ENGINEERS

LOS ANGELES DISTRICT

PLATE 1




.'E
E

Description of the Storm and Flood of 22 June 1972
(Los Angeles Dis#rict, 1982)

sohyetal map on following page.

Storm aad Flood of 22 Jume 1972. The heavy thunderstorm that occurred
over northeastern Phoenix and adjacent communicies ou the morning of 22 June
1972 was & part of a series of early sunmer thunderstormeé over the entire
southwestern United States from 20 through 23 June 1972 that resulted from a
deep flow of very moist, tropical air into the reglou from off the west coast
of Mexico. In Phoenix the unofficial maximum rainfall was 5.2Z5 inches during
an estimated 2 hours near 4th Street and Camelback Road. Bucket survey
amounts of 4,87 inches at 24th Street and Indianola Avenue and 4.8 inches at
28ch Street and Indian School Road were confirmed by the National Weather
Service, The maximum recording~gage intensity was 3.85 inches in 80 minutes
at 18th Street and Turney Avenue. Large hail also fell in the area. The
storm wag highly localized, with only 10 square mlles having greater than
4 inches of rainfall and only 200 square miles with more than 2 inches.

Total storm isohyets for 21-22 June are shown on plate 12. Estimates of
peak discharges for 22 June made by the USGS include: Shea Wash at Shea
Boulevard (1.79 square miles), 945 ft7/s; Cudia City Wash 1000 feet upstream
from McDonald Drive (2,16 square m%las). 4200 ft*/s; Dreamy Draw at 16th
Street (1.62 square miles), 860 ft?/s; Indian_Bend Wash (at Indian Bend Read)
near Scottsdale (142 square miles), 21,000 rt-/s.




By
'}\V," R

T e e e
05‘,-, “TONTO NATIONAL FOREST

1
——

t
--‘J—-r . J e B
; * Ioinga Deade Mbld
' by |
I

iy

R

Wm"._ |_‘ i

o da b Cy
,.. ‘r='3"'.'l"x--'¢'—---, ’ I’,f
) A—s}-r -k l

Py Wy f:

mi mnlm I T h
ke .-‘f"";':.#‘.a‘?-“mw

..:-.']..-.._ﬂ_ r.S:Tu
kot Y 1

Pnoamx—.'—
mmmouumus

PHOENIX

'r-“.\(-f

1a,

w&-" lﬂ;tlm\
n\mm‘u lh}luilql 5 ;

LY A

.\l

-
W)

: 'SCOTTSDAI.E
.l

o L

7
. r

H L]
Saase] \[_ bt

’ . K
| l .:- | : ‘L - ~
[ - == Sy w4 =y " N ¥ - 3 -,—l "
: " 1] i .""“’%T"":: ':h-‘::....
= il I‘“ -

\- I}x - , -g_mmm-l . -
3 N A S lpum* et b Gﬂ\lﬂ -
(e ¢ vatmy sout w T mm R

—-g\- "“"‘-. ”1 —n] r___ ___] ‘)#_45:_} e

< o

l GILA BIVER BASIN,
ua°oo' NEW RIVER & PHOENIX CITY STREAMS, AZ
N SCALE IN MILES

~— 3 =— LINE OF EQUAL PRECIPITATION

ISOHYETAL MAP
STORM OF JUNE 21-22, 1972

IN INCHES

(SOURCE: REF. 2)

US ARMY CORPS OF ENGINEERS
LOS ANGELES DISTRICT

PLATE 12

¥

-




l Polnt Rainfalls for the December 1967 Storm
"1
Gage Location Rainfall Depth Type of Gage
l inches Recording (R)
Nonrecording (N)
T (1 (2) (3)
l Black Canyon 4NE 3.53 R
Carefree 2.75 - R
New River 2.70 R
Rock Springs 3.19 R
Thunderbird Alrport .42 R
Skunk Creek 3.59 R
Youngtown 2.35 R
Phoenlx 11 NNW i.89 R
Castle Hot Springs 4,07 N
Lake Pleasant 2.26 N
l Cave Creek Dam 2.83 N
Beards|ey 1.99 N
Paradise Valley 1.93 N
Litchfield Park 2.03 N
Alhambra 2NE 1.86 N
Arizona Falls 1.45 N
Toltleson 1E 1.77 N
T3N, R3E, Sec 34 2.46 N
T3N, R5E, Sec 15 2.67 N
T3N, R5E, Sec 16 2.02 N
Polnt Ralnfalls for the September 1970 Storm
Black Canyon 4NE 2.82 R
Rock Springs 2.81 R
New River 5.39 R
1 Carefree 2.12 R
Skunk Creek 2.53 R
Youngtown 4.24 R
; Phoenix 1.92 R
Thunderbird Alrport 3.07 N
Lake Pleasant 4.11 N
Horseshoe Dam 3.94 N
Castle Hot Springs 4.56 N
Beardsley 5.04 N
Litchfleld Park 3.09 N
Tol leson 1E 2.00 N
Point Ralnfalls for the June 1972 Storm
Phoenlx 3.13 R
Thunderbird Airport .87 R

Carefree .80 R
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‘Table 3.5

Resistance Factor for Overland Flow

Table 3-1.—Roughness coefficients (Manning’s n) for

sheet flow
Surface deseription n?

Smooth surfaces (concrete, asphalt, gravel, or
baresoll} ... ... L, 0.011
Fallow no residueY .. ... ... ... ... .... 0.05
Cultivated soils:

Residue cover <20% .. .. ... .......... 0.06

Residue cover >20% ... ............ 0.17
Grass:

Short grass praivie ........_....._.. .. 0.15

Dense grasses® . ...................... 0.24

Bermudagrass. .. ..................... .41
Range {hatural) ... ... ... ... ..... 013
Woods:?

Light underbrush. ... ... ... ... ... 0.40

Dense underbrush ... ... . ..., 0.80

"The n values are a composite of infurmation compiled by Engman

[ 14k,

2lneludes sprecies such as weeping lovegrass, bluegrass, buitalo

griss, blue grama grass, and nalive grass mixtures,

3When selecting n, consider cover to o height of abuut 0.1 ft. This
i3 the only part of the plant cover that will obstruct sheet flow.

Surface N value
Asphait/Concrete* 005 - 015
Bare Packed Suil Free of Stone 0.10
Fallow - No Residue 0.008 - 0.012
Convential Tillage - No Residue 006 - 0.12
Convential Tillage - With Residue 016 - 022
Chisel Plow - No Residue 006 - 012
Chisel Plow - With Residue 010 - 016
Fall Disking - With Residue 030 - 0.50
Na Till - No Residue 004 - 0.10
No Till (20-40 percent residue cover} 007 - 017
No Till (60-100 percent residue cover) 017 - 047
Sparse Rangeland with Debris:

0 Percent Cover 09 - 034
20 Percent Cover 005 - 025
Sparse Vegetation 0.053 - 0.13
Short Grass Prairie 010 - 0.20
Poor Grass Cover On Moderately Rough 0.30
Bare Surface
Light Turf 0.20
Average Grass Cover 04
Dense Turfl 0.17 - 0.80
Dense Grass 0.17 - 0.30
Bermuda Grass 030 - 048
Dense Shrubbery and Forest Litter 04

Source

oo on p

- -

-

[y}

-9

Legend: a) Harley (1975), b) Engman (1986), c) Hathaway (1845), d) Palmer (1948),
e} Ragun and Duru (1972), ) Woulhiser (1975). (See Hjemfelt, 1986)

*Asphalt/Concrete n value for open channel flow 0.01 - 0.016
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10.5 ;

Elemants of a Unii liydrograph
The dlmenslonless curvilinear unit hydrogreph (figure 16.1) haa 37.5%

of the total volume in the rising side, which ir represented by one
unit o1 time and one unit of discharge. This dimenaionless unit hydro-
graph also can be represented by an eguivalent triangular hydrograph
having the seme units of time and discharge, thus having the same per-
cent of volume in the rising side of the triangle (figure 16.2}.
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Figure 16.2 Dimensionlesa curvilinear unit hydrograph and ll
equivalent triangular hydrograph .
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TECHNICAL.MEMORANDUM

TO: Tim Murphy (Contract FCD 90-69)
Steve Waters (Contract FCD 90-20)
FROM: George V. Saboi
DATE: 26 February 1992
SUBJECT: Simplified procedure for routing through agricuitural fields | di's ke#h@ jne fuele &{)
REFERENCE: Contract FCD 90-69, Buckeye FIS, Task 3.15.B
Contract FCD 90-20, Hydrology/Hydraulics Advisory Services

INTRODUCTION

This study was initiated as part of the Buckeye FIS Project (Task 3.15.B). The objective is to evaluate
and develop a routing procedure to be used in HEC-1 models where runoff from subbasins are to be routed
between flow concentration points that are not connected by well defined channeis. The application is for
agricultural areas (such as in the Buckeye FIS), deserts, rangelands, and alluvial fans where well defined
channels do not exist and yet there is a need to route runoff from one subbasin through an adjacent, down

gradient subbasin.

As the results of this study and additional studies may have an impact on the Hydrology Manual, this

information is also conveyed to Steve Waters (Contract FCD 90-20).

This memorandum presents the following:

1. areview of viable routing options in HEC-1,

2. the selection of the Muskingum-Cunge routing method for this application,

3.  a review of channel geometry considerations and a selection of a simple triangular section as
representative of such non-channelized flow situations,

4,  selection of routing parameters for agricultural fields,

5.  comparison of results for selected subwatersheds from the Buckeye FIS model using the recommended
routing procedure,

6.  conclusions and recommendations, and

7.  suggested studies to further refine these results for desert, rangeland and alluvial fans.

ROUTING OPTIONS IN HEC-1

Four routing options from HEC-1 were considered; Muskingum, Muskingum-Cunge, Kinematic Wave,
and Normal Depth, Muskingum is most appropriately used for larger rivers where the parameters, K and X,
can be estimated with some confidence based on previous experience, published guidance, etc. Kinematic Wave

does not reproduce "true” hydrograph attennation, but merely numeric attenuation due to the numeric solution.

28-3-1




Normal Depth routing is a storage routing technique that requires definition of stage-discharge-storage relations
that will be tenuous for non-channelized routing reaches, The Muskingum-Cunge method is physically based
and mathematically reproduces unsteady flow routing in many situations. Either eight-point. channel geometry
can be input (RX and RY records) or simplified channel geometry can be used. The Muskingum-Cunge method
was selected because of its implied accuracy, use of physically based parameters, and potential ease of use with

simplified channel geometry.

CHANNEL GEOMETRY

Channel geometry for the Muskingum-Cunge method can be input either as eight-point sections of desired
shape, or as simplified sections (mainly rectangular, trapezoidal or triangular for the flow situations that are
considered). Sketches of the various channel geometries that can be represented by either of these methods are
shown in Figure L. For routing in channelized reaches, an eight-point section often can be defined with some
level of confidence; however, for routing of overland flow through broad, shallow swales, it is difficult to
define a representative channel geometry by this method. Recognizing the difficulty in defining channel
geometry in the situations being considered, it is probably better to select a simplified section. Of the three
simplified sections (rectangular, trapezoidal, or triangular), the triangular is the easiest and possibly the most

representative for swales through agricultural fields,

Use of a triangular section requires only the selection of the side slope (Z) to describe the channel
geomeiry. Use of a triangular section offers several advantages:
1.  Shallow flow depths are avoided for low flow situations.
2. Judgement is not needed for estimating bottom width (that is probably highly variabie) for trapezoidal
sections.

Non-realistic flow "walls" are not encountered as would happen with rectangular sections.
4. The flow top width varies with discharge.

Very broad, shallow swales can be modeled with little model input.

TRIANGULAR SECTION ROUTING PARAMETERS FOR
AGRICULTURAL FIELDS
Use of the Muskingum-Cunge routing with a triangular section requires an RD record with the following
input:
RD Length Slope n TRAP 0 Slope (Z)
The routing reach length and slope are determined from the watershed map. Therefore only two parameters

must be estimated; n and Z. Watershed maps for subwatersheds N and K are shown in Figures 2 and 3,

respectively.

Values of n and Z for agricultural fields were estimated by the following process:
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1. A single-basin model of agricuitural iand was developed. The combined area of subbasins 23, 38, 49 and
56 (part of subwatershed N) was used. The model input (N-SB.DAT}) is:
PB = 3.3 inches
BA = 2.79 square miles
Lag = 244 minutes (new Lag relation)
IA = .50 inch
DTHETA = .075
PSIF = 4.3 inches
XKSAT = .66 in/hr.
RTIMP = 0
The peak discharge at concentration point N5 is 533 cfs.
2. A multi-basin model of the same area as above was developed. Rainfall and rainfall loss parameters were

the same as above. The Lags for the subbasins are:

Subbasin Lag, in minutes (new Lag relation)
23 153
38 132
49 165
56 151

A triangular section was used for the channel geometry. Channei lengths and slopes were taken from
Table 3-5 of the Buckeye FIS report. Models were set-up with various combinations of n and Z as shown in
Table 1. The peak discharges at concentration point N5 are shown in Table 1 for the various combinations of n
and Z.

TABLE 1

Results of multi-basin model with Muskingum-Cunge
routing with triangular sections of various n and Z.

Peak Discharge at N5, in cfs

z

a 10 25 100 200
02 143 738 718 709
035 733 711 692 667
05 709 699 656 633
075 690 657 608 554
10 656 628 531 467
15 605 546 401 136

Inspection of Table 1 indicates that the combination of n=.10 and Z =100 results in peak discharge at N5

that is aimost the same as for the single-basin model (533 cfs). A comparison of the hydrographs at N5 from
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the single-basin model (N-SB.OUT) and the muiti-basin model with n=.10 and Z=100 (N-MB18.QUT) is
shown in Figure 4, Based on these results, it seems reasonable to model routing through agricultural fields by

use of Muskingum-Cunge routing with a triangular section with n=.10 and Z=100.

TESTING OF THE SIMPLIFIED ROUTING SCHEME AND THE NEW Lag RELATION
Portions of the Buckeye FIS model were modified to investigate the effects of using the simplified routing
scheme and the new Lag relation. Subwatersheds K and N were used for this testing, and the results are shown

in Tabies 2 and 3, respectively,

From the resuits shown in Table 2, the use of the simplified routing scheme for subwatershed K results in
a moderate decrease in peak discharges for most routing reaches as compared to the eight-point routing scheme
in the FIS model. The results for subwatershed N (Table 3) are similar to those for subwatershed K. In

general, the simplified routing scheme produces results that are comparable to the eight-point routing scheme.

Notice that in the model of subwatershed K with the simplified routing scheme (model K-2.DAT/OUT)
there is a routing reach through desert between K1 and K2. For that routing reach, a triangular section was
used with Z=100 and the n was selected with & value of .035. No calibration was possible to determine the

appropriate n and Z to be used for routing through deserts. These values were seiected based on judgement.

Comparisons of the effect of the simplified routing scheme and the eight-point routing scheme as used in
the FIS model are shown in Figures 5 and 6 for subwatersheds K and N, respectively. The effect of the new
Lag relation can be seen for the peak discharges of the subbasins of subwatershed N as shown in Table 3. The
combined effect of the use of the new Lag and the simplified routing scheme for subwatershed N is illustrated in
Figuré 6. Use of the new Lag relation does not produce drastically different peak discharges than are obtained

by use of the traditional Lag procedure.

CONCLUSIONS AND RECOMMENDATIONS
Based on the analyses and comparisons that were made, it appears that routing through agricultural fields
can be performed by using the Muskingum-Cunge method. A triangular section with n=.10 and Z=100 seems

to simulate routing through agricultural fields. The RD records would be coded as follows:
RD Length Slope .10 TRAP 0 100

SUGGESTED STUDIES
The present results and recommendation can be made for agricultural fields only. The Buckeye FIS did
not provide a data base to evaluate a similar technique for desert, rangeland and alluvial fan applications. It is

anticipated that a similar approach could be undertaken to verify the validity of this approach for these other
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physiographic types of watersheds. Additional studies may be needed to determine the combination of n and Z
for use with these other types of watersheds. It may be possible to select other FIS or AMDS models that
contain large areas of desert, rangeland and alluvial fan to perform similar analyses so as to define appropriate n

and Z values.

28-3-1




TABLE 2

Comparison of results for subwatershed K

Peak Discharge, cfs

Operation FIS model! with simplified
o routing scheme
Subbasin 7 795 795
Routed to K2 641 737
Subbasin 9 1,150 1,150
Combined at K2 1,312 1,325
Routed to K3 1,123 1,101
Subbasin 21 207 207
Combined at K3 1,123 1,101
Routed to RC 1,143 1,040
Routed to K4 1,037 899
Subbasin 34 248 248
Combined at K4 1,059 991
Routed to K5 965 952
Subbasin 35 400 400
Combined at K5 1,026 992
Routed to K6 065 o917
Subbasin 46 420 420
Combined at K6 1,137 1,040
Routed to K7 1,105 1,019
Subbasin 65 269 269
Combined at K7 1,196 1,004
Routed to BC 874 902

! HEC-!{ filename K-1.OUT

? HEC-I filename X-2.0UT
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TABLE 3

Comparison of results for subwatershed N

Peak Discharge, cfs

FIS model! with simplified routing scheme
- Operation old Lag? new Lag?
Subbasin 11 1,491 1,491 1,313
Routed to N2 1,330 1,388 1,184
Subbasin 23 177 177 212
Combined at N2 1,330 1,388 L174
Routed to RC 1,289 1,427 1,200
Routed to N3 1,256 1,218 1,111
Subbasin 38 210 210 237
Combined at N3 1,261 1,220 1,202
Routed to N4 1,166 1,013 T L1150
Subbasin 49 285 285 335
Combined at N4 1,204 1,067 1,305
Routed to N5 1,193 1,024 1,273
Subbasin 56 241 241 284
Combined at N5 1,252 1,080 1,324
Routed to N6 1,158 953 1,194
Subbasin 70 73 73 83
Combined at N6 1,192 969 1,206
Routed to BC 665 659 800

! HEC-1 filename N-#3.0UT
2 HEC-1 filename N-#5A.QUT

! HEC-1 filename N-#6B.OUT
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FIGURE 4
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