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ABSTRACT. The U.S. Soil Conservation Service revised model (TR-55) is
used to obtain peak discharges of the storms produced in Wadi Tabalah.
Tabular Hydrograph Method is applied to simulate the values in order to
compare them with the observed flood peak records. The model is found
advantageous for computing practical watershed hydrograph parameters,
such as losses, detention storages, time of concentration, considering some
of the basic watershed and hydrologic parameters (size of basin, curve
number, travel time and 24-hr rainfall depth) as input. Computational
example is presented with the tabulated input values of seven observed
storms. The findings are discussed in tabular and graphical forms, and com-
pared with the historical records. The other model studies obtained through
unit hydrograph and routing procedures by the author are compared with
the mode! TR-55 in order to draw conclusion about the practicality and
applicability of the model under arid climate condition when the data is
scarce and limited.

Introduction

A model called Technical Release (TR-55), was originally developed by the U.S. Soil
Conservation Service (SCS) in the 1970’s and was revised in June of 1986 and pub-
lished by Wu, S. and Wu, J. (1987), is used in this study. The model incorporates cur-
rent SCS procedures when the purpose is to assess the peak discharge hydrograph for
drainage design. A simplified method is followed with two approaches, namely
Graphical and Tabular Methods, as mentioned in the TR-55 manual (1986).

This paper discusses the history of the manual document as well as provides the in-
formation with an application to one of the representative basins under arid climate
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using observed storm records. The input/output features of the model can be shown,
using the program’s tabular hydrograph options in order to compare with other simu-
lation programs which are already applied by the authors in their paper (Sorman et
al. 1993). Therefore, the theory provided in this paper only covers the summary of
the tabular method which is recommended for modelers to follow up in determining
hydrographs for small areas.

The area chosen for this study is located at the upstream part of Wadi Tabalah
which is the branch of Wadi Bishah. The wadi is situated on the eastern side of the es-
carpment with a drainage area of 170 km?.

The area is controlled by a runoff recording station B413 and seven rainfall stations
situated in and nearby the basin. Figure 1 shows the location of wadi and its sub-
catchment with locations of rainfall and runoff stations.
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FI1G. 1. Upper Tabalah basin and its sub-catchments.

History and Early Applications of the Method

For decades, the prediction of peak discharge has been based on the use of Ra-
tional Method and the U.S. Soil Conservation Service techniques. Recent advances
in computational hydrology have led to re-evaluation of these techniques followed
by Wu, S. and Wu, J. (1987), the adaptation of the mainframe programs (HEC-1,
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TR-20 or others) to personal computers. The purpose of this study is to review one of
the latest developments of the peak discharge computation with application, so that
the results obtained from the research can be compared with other similar model ap-
plications, such as excess rainfall ( XSRAIN) and runoff-routing (RORRB).

The use of early programs with mainframe, such as the SCS-TR-20 and the Corps
of Engineers, HEC-1, proved to be cumbersome and time consuming for simple
works. The need for more cost effective methods became apparent. The model de-
veloped and revised by SCS, called as Technical Release No. 55 ( TR-55) has the ad-
vantage of computing watershed hydrology items, such as losses, time of concentra-
tion, detention storage and hydrograph estimates. The methods were developed
based on a 24-hour storm and SCS type II rainfall distribution. The revised version of
the model added the factor I /P to account for the effects that initial abstraction ({,)
and precipitation ( P) have on both peak discharges and hydrographs. The SCS also
added other types of rainfall distribution pattern.

The Tabular Hydrograph Method 1s the concern of this paper. It is applicable to
basins with subarea, time of concentration 7, between 0.1 and 2.0 hours and travel
time 7, of less than 3.0 hours. Drainage areas of the individual subareas should not
differ by a factor of five or more, SCS - Technical Release (1986). Furthermore, the
time to peak must be more accurate than that obtained by the use of the method. The
method can be used to develop hydrographs for pre- and post-developed area
analyses or to estimate peak discharges. It is an ideal method for small basins, where
other models may prove to be too detailed. Further discussion about this is given by
Glazner (1987) and Hromadka and McCuen (1987).

Computational Procedures of TR-55

The required model parameters are:

1 — Basin subdivision, if necessary.

2 — Size of the area.

3 — SCS curve number ( CN) for each subarea.

4 — Time of concentation ( T,) for each subarea.

5 — Travel time ( 7,) for each subarea.

6 — Rainfall distribution type (I, IA, II or III).

7 - The total 24-hr rainfall depth ( P) for the selected return frequency (T,).

Computational Example

The procedure for constructing a hydrograph can be summarized as:

I —~ Calculate arca (A ). curve number ( CN), precipitation depth ( P), and time of
concentration (T( }, as shown in Table I for all the storms studied.

2 — Calculate runoff depth (R) using (P-0.25)%( + 0.88) where storage § =
{1000/CN) - 10.

3 — Ratio 1 /Piscalculated as0).2 8/ P to convert the hydrographs to m*/sce/mm of
runoff.
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4 — Reach flow velocities are estimated to calculate travel time T, = Reachlength/
flow velocity.

5 — Use Option 1 and enter the aforementioned data to create the watershed file,

6 — Option 3 is run to compute the peak discharge for the file that was entered in
step 5 using generated tabular hydrographs based on the travel time computed in
step 4.

7 — Area and runoff is multiplied by the proper tabular hydrograph values to ob-
tain hydrograph ordinates.

Following the procedure described above with the additional input values tabu-
lated in Table 1 for each storm, the peak discharges are simulated in order to com-
pare them with the observed records. The results are discussed more elaborately in
the following section.

TaBLE 1. Input/output data for TR-55 Model (Upper Tabalah B413),

SO L ol I ) PV L el
,

DM Y (inih) oy | (inIgh) O | il | @ [ oms msee
2s|ot|ss| 115 | 020 | 77 | ose7 |osiofoos | 361|203 sso
os{o4fss| 100 | 020 | 76 | o6 Josm| o6 61 [ 1376 | 39.0
0{04|ss| 0232 | o1s | o6 | o083 [o3s9| 00a | 764 |1961 | 555
1los|ss| o858 | 030 | 78 | osea [oes7| 003 [ 205 | 536|150
23oe]8s| 0437 | 025 | 76 | o062 |Lass| oo m | o 77
o1|os|ss| 0406 | 015 | 74 | o073 |1731| 003 a6 | 748|212
0los|as| o596 | 010 | &7 | 0300 [oso0| SO0 sog | iass | 363
Q, {cms) = g x A4 %X R

(cmsiinch)  (mi?)  (inch)

cmsfinch = cfs/mi-inch

Discussion of Results

Rainfall-runoff data obtained for the study area through rainfall-runoff stations
during the recording period 1985-87 are presented in Table 2. The storm and runoff
hydrograph characteristics as well as duration, time lag, time base, and time to peak
values are also tabulated. The runoff coefficients shown in the last column of Table 2
clearly indicate that the values vary between 3% and 10% for an area of 170 km?
drainage size.




Application of the TR-55 Model to Storms. .. 105

TABLE 2. Rainfall-runoff data in Upper Tabalah at B413.

Direct | Observed "
i ' Ti Timeto | Runoff
dopn | monoft | peak | o | Timelag | peak | coett,
P depth | disch

Date P R Qpr i t Iy 4 R,

(mm) (mm) | (m'/sec) | (ko) (hr) (hr) (hr) )
25Jan. 1985 29.21 2.03 58.0 7 1.5 10.0 5.0 0.069
05 Apr. 1985 21.13 295 38.8 6 15 25.0 3.0 0.109
10 Apr. 1985 5.8 1.14 61.0 1 0.5 6.2 1.6 0.194
11 Apr. 1985 21,79 0.66 16.6 4 1.8 9.0 3.8 0.030
23 Apr. 1985 11.10 0.30 6.2 5 4.0 8.0 9.0 0.027
01 May 1985 10.31 0.58 24.0 3.0 2.0 23.0 3.5 0.056
20May 1985 15.14 1.65 352 2 2.0 24,0 2.5 0.109

In order to compare the input/output model parameters at the TR-55 with the
other models simulation studied recently by the authors (1993), the results of excess
rainfall (XSRAIN), runoff-routing (RORB) and the model under study called TR-55
are tabulated in Table 3. For example, in XSRAIN model studies, the unit hydrog-
raph peak (q,,,), the curve number ( CN) as well as the initial abstraction loss (L)
are repetitive; similarly, initial loss abstraction (/, ) in the RORB model is closely re-
lated to the abstraction loss (/,) in the TR-55. In addition, the time lag (T,)in XS-
RAIN model is related to the time of concentration ( 7.} in TR-55, Simple regression
studies between the common variables in respective models as mentioned above pro-
vided us the correlation coefficients indicating that high correlation exists (such as
0.75 and 0.90) between curve numbers and initial abstraction losses of XSRAJN and
TR-55 respectively. Also the relationship between initial loss (/ ;) of RORB model
and abstraction loss (,) in TR-55 is found in the range of 0.66.

Conclusion

The predicted peak discharges ( Qp) using TR-55 are compared with the simulated
results of the other two models. The accuracy of prediction for the three models com-
pared with the observed records is presented in Table 4. On the average, the
minimum deviations in the discharge are obtained using RORB and TR-55. The
simulated results have shown around 7-8% deviations from the observed which are
considered to be acceptable. The selected models for predicting hydrograph peak
discharges are proposed.

A typical storm hydrograph recorded on April 10, 1985 which has the highest peak
among the others is presented in Fig. 2 with the isohyetal map and storm hyetograph.
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TaBrE 3. Input model parameters for XSRAIN, RORB and TR-55.

Rainfall XSRAINY RORBY TR-55%
Date
Depth | Duration | g, 4 |CN| I, K, i G (K |m 4, T [CN| I,
D|M|Y P Te (m¥sec/mmy) |(hr)|(-)) (mm) | (mmbe) ] (mm) | {mm/hr) {mYsec/mm) | (hr) (mm)
(mm) | ()
25(01185] 29.2 7 310 1.5)80 1132 | LI7 U8| 16 |L20]0.79 264 (0200 77 ) 152
5 1.84|0.84
105(04/85] 27.1 6 11.5 LS|81| 119 | 097 (——18 | 67 264 {0.20) 76 | 16.0
13 1.7810.84
10/04/85] 5.9 1 26.0 05(98] 10} 0.08 08] 36 203073 558 |0L15[ %6 | 2.1
143 0.30
11104/85] 21.8 4 244 18|84 97| 130 —167 0.0110.70 215 030 78 | 143
24 .01
23[04/85] 11.1 5 9.1 40|87 76| 043 100 63 [3.43(0.60 236 [0.25] 76 | 16.0
01(05[85] 10.3 3 L1 2009 56 033 105 42 |3.54]|0.69 30.4 0.15| 14 | 17.9
20(05|85] 15.1 2 147 208 | 64 125 144 1.0 |2.43(0.75 3z |010) 87 ) 76
(WSorman et al. (1993).
(Table 1, using TR-55.
TaBLE 4. Model outputs and prediction errors in @, using different approaches.
(5CS) RORB TR-55 Observed
Date 0 0 0
y, - Or ( P,,‘QP) ( ;v,,-Qu)
: % 100 X 100 X 100 7
QP ( 0,, ) : QP 2, QP &, ('F"
D|M|Y[(m) (%) {m’s) (%) (m%s) (%) (m¥s)
25(01]85 | 566 2% 50.6 3% 58 0% 58.0
05| 04|85 379 13 38.9 03 3 0% .8
100485 50.7 17 50.4 17 355 9 61.0
11104)85) 169 -2 168 -1.0 15 10 16.6
nlofes| 28 55 56 120 73 0 6.4
01]05)85( 8.t 2 234 30 21.2 9.4 234
2000585 267 bl M3 20 36.3 -3l 352
Average 20% % 7.4%




Application of the TR-55 Model to Storms. ..

. ) 5 TIME | HOURS)
4200 42730 £ .12 B 20 24 4
— T £
b ovre=s) |
’ 2
2.
2008 - g
=3
I
2
@
3
8 -413
B~ .
DATE : }O APRL 1983
80
N =3 — o (SOHYETS {mm -~
’ © 03 v Jao
19°30' \\ — g B -
* scaLr E 20 10 APRIL 1985
1 N < o
12 16 20 24 4
TWE (HOURS)

Q (cfs)

DISCHARGE ,

2000
APRIL 10, 1985

—0B8S
—=-—RORB
—=——05CS

—— INF

1500

g
[+

300

TIME (hrs)

F1G. 2. Isohyetal map and the storm hydrograph for April 10, 1985,
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The simulated hydrographs are plotted together with the observed values after com-
parison using the other models, namely XSRAIN (SCS, and INF versions) and
RORB. For the given data, TR-55 model predicted the discharge hydrograph peak to
be 55.5 m/sec (1961 cms) for which the observed data was recorded as 61 m’/sec.
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