TR-20 Structure and Operation

Technicd Release 20: Computer Program for Project Formulation Hydrology (TR-20)
(SCS, 1983) isahydrologic modd for smulation of direct runoff hydrographs resulting
from natura or synthetic rainfal occurring over awatershed. The program can be used
to model complex watersheds with multiple subareas, channel reaches, and reservoirs.
Hydrographs are generated for subwatersheds, combined or separated at confluence
points, and routed through downstream reaches or structures.

Conceptual Description

The program is designed to smulate the rainfal-runoff process for awatershed. Figure
2-1 depicts the rainfdl-runoff process used by TR-20. The unit hydrograph is the transfer
function used by TR-20 to transform the rainfall excessinto direct runoff. Theranfal
hyetograph is convolved with the unit hydrograph to produce the direct runoff

hydrograph. This processis explained below.
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Figure 2-1: Rainfal-runoff process (McCuen, 1998).

For a specified rainfall depth and distribution, a hydrograph is developed for each
subwatershed given the drainage area, time of concentration, and curve number asinput.
The runoff resulting from a given rainfdl depth is computed from the NRCS rainfdl-
runoff equation:
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where Pisthe precipitation in inches, Q isthe runoff in inches, and Sisthe potentia
dorage in inches, given by:
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where CN isthe runoff curve number. Thetime to pesk for the direct runoff hydrograph
isequa to two-thirds the time of concentration. The peak discharge of the unit
hydrograph, the SCS dimensionless unit hydrograph in this case, is computed using the
equation:
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wheret, isthetime to pesk in hours, t; isthe time of concentration in hours, Q isthe
runoff of one inch for the unit hydrograph, and A is the drainage arealin square miles.

The ordinates of the rainfal hyetograph are multiplied, trandated, and added in time with
the ordinates of the unit hydrograph to form the direct runoff hydrograph for each
subwatershed. This processis cdled convolution. The vaue 484 in the above equation
is called the peak rate factor and represents an empirical constant.

Hydrographs generated from upstream subwatersheds can be routed through channdl
resches using the Modified Att-Kin (Attenuation — Kinematic) method. For agiven
stream reach, the routing procedure trand ates the upstream hydrograph dong its length
and attenuates the peak of the hydrograph to account for storage in the channd.
Hydrographs can also be routed through reservoirs or other storage structures, which TR-
20 uses the storage-indication method to smulate.

Smplified Example

The best way to illusirate the overdl process of developing a TR-20 model isto wak
through asmplified example. The example that follows gives a 24.9 mi? watershed
divided into five subwatersheds. It contains two reach routings in the lower potion of the
main channd. At the outlet, the pesk discharge resulting from 4.25-in of ranfdl is
smulaed for the 24-hr Type Il storm.

In order to develop asmulated runoff hydrograph for each subwatershed, a minimum
amount of information isrequired. The area, time of concentration, and curve number
must be specified for each subwatershed. In order to route upstream hydrographs to
downstream locations, a representative cross section is needed from which a stage-
discharge-end area relationship can be produced.



Watershed Configuration

Condder the following arrangement of subwatersheds for the example TR-20 modd:

CN=75.44

CN = 76.35 \(c=1.31

Hydrographs are generated for each of the subareas and are combined in time at the
junction points. The differencein the timing of runoff for each subarea (i.e. time of
concentration) controls how the peak discharge will be affected when the hydrographs are
combined. If thetimesare very close, the timesto pesk of each of the hydrographs will
be smilar and alarger pesk discharge will result. If the times are subgtantialy different,
the peaks will not coincide and a reduced peak will result. The consideration of increased
peak does not ignore volume congderations. Regardless of the timing of runoff, the
volume of runoff generated by ared or synthetic rainfdl distribution will eventudly be
trandated in time through the watershed.

Cross Sections

Cross sections control not only trandation of upsiream hydrographs but aso attenuation.
The attenuation is based on the storage available to runoff whilein the
channd/floodplain.

Two cross sections are identified in the watershed that will be used to route hydrographs.
Cross Section 3 (L = 7985 ft.) will be used to route the combined hydrograph from
subwatersheds 1 and 2. Cross Section 5 (L= 10424 ft.) will be used to route the combine
hydrograph resulting from subwatersheds 3 and 4 and the routed hydrograph through
Cross Section 3.

Representative cross sectional geometry was determined for each of the sections for the
channd and overbank. Additionaly, roughness characterigtics, given in terms of
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Manning roughness coefficients were determined for Section 3 (channd n: 0.035, left n:
0.07, and right n: 0.09) and for Section 5 (channd n: 0.035, Ieft n: 0.07, right n: 0.09).
The sections are shown below:
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Rating Table Calculation

For each of the cross sections shown above, a stage-discharge-end area relationship must
be developed. Thisinformation is used by the TR-20 modd in the Modified- Att-Kin
reach routing procedure. At incrementa depths, values of stage, discharge and end area
are computed. The relationship below can be used to develop the reach rating table for a
complex cross section involving a center channd, left and right overbank.

Q:é. DQR=AV, +AV, + AV,
whereV isthe veocity from Manning' s Equation:
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Input File

The TR-20 input file isarranged in cards of job and header information, structure and
reach tables, sandard control statements, and executive control statements. The input
“cards’ (they redly aren’t cards anymore, athough they used to be in the early days of

the program) contain dl of the configuration and parameter val ues necessary to produce a
runoff hydrograph.

The formatting of the input files is somewhat rigid and may take some getting used to.
Datais placed in specific fields based on horizontal column location. The following
three figures are input forms for listing the contents of the input file

BEN. Eha. . 3T DANET TR-20 ' w';uuur:;:‘n:':ﬁ
wre May 1982 STANDARD CONTROL FOR WATERSHED

Put JEEET =¥
0 ai-30 [N ®i-m e E
ETT e o] Telafel Ll rlaha ol Tl Rl Rel alel Tl o] Re] sl
i H
REECT | HYDRO
DUTPUT CETIONS
patal OPERATIGN | STRUCT. | MUMBER * RECORD
e T BaTA FIELD ®3 | para rieLo % 2 | oata PEce ® 3 e R
wame | wo [ e
muwarrl ] [ B (s AEEa, 50 ML | PUNOFF CURYE MO Ty, HRS. X :
- T i 2 o e IR | y SURF L, AT T.:I” : :I at A LT [P AT ;E i ERANPLES
S FF GTH, FT._ | smn j: EE] ; I ;!B;W L ELL
!;55 EE"F’"‘E" = : R e e ol no wOT
= oD R e e e o e 5
;55 ; 'ﬁ;vnm‘u e T T s e e ENTER
™ bivERTH T | DSCHARGE CFS] 0T |, Dacinai%0A]  DUTZ, L0, ]Euﬂ'ﬂ ]
R o) G R : TT S Tha recor@in baasad oriy ol and ol oll sievioed cominl recarda.
| 1) ] T E T E T i |i ,
! ot | . JWPORTANT | Desa Fiidy o, 1,2, 0ed 3 raawien dacimal paint, i i
*‘.. ..... .'_ e o FLELELL gl HH HH rtalamss
i B P 1n b e B Rl et aa
B AL L L loabaas
LB s : L HHHH s
L bl 1 FEEEEN LFL o § .
H i i ; SESEES - 1 T R ——
i et AREEN | laadsuss
| | [ i3 _:._,._' _____' L i
! Sl EEREE L2 bad 0 s ik
i I AENER | bl o PP
..... AR Ll e gl
i Tam wem magn SHIEF 35 SIS HUE A7 BRsBibsiant Siemig BN




Th-20

CROSS SLCTIOM MO,

n Y STREAM CROSS SECTION DATA

LB DEPANTRCNT OF AGEBEULTERE
BHL CONSCAWATION §IR00

SEEET or
a?;lqm:'_ 4. 40 a1- 30 = 33.80 i;.g I Ti-ag
ek [r]efe]cd [z s afule| rlaf=fede Rl ofa]gafelnlefef | af) | L Wil
CUWTH FIELD MO, | | DATA FIELD HO. 3 | DATA FELD NOL3 1;:‘:”
MPORTANT: Line osf sresed linin, Dot lylds g detimal poini.
Pecinogs Area, 34 NI, Borilel Elention, 1, I |
| e e
Us e L0 enbiia Sschargs I C5ML) ] |
[ | ] HOTE: Wanlmem ol 20 dsia raeerds allowsd. ] 1
Elsvation, F1, Déschargs, ﬂ'!E-‘I End Bran, S FIL |
f a0 0.0 e
; | r——
B =
i : il i id
g .
; Bed i L
[ g
T i
F.:‘ A 6k
] el
B itk
; Al
4 A
E 5 il ivaa
ol [ v 5 7 7
Ll }!h_u-'rlnln.l B e Tt .lW"E.."T:ll:.llln:ll o ML e ]
sc8-EMG - 274 [BAFT TR - 20 W3 BEPARTMERT OF MSMICULTYRE
e Lot EXECUTIVE CONTROL FOR WATERSHED HOR GARSEvATOR sphwer

[ ]
Sre t [ — I I
;‘= - | WOES I R I :|si1ir oo WOT
For | FRoM | THRU HOURS ,“,,,__....,.,...............,..u-ﬁ.n:” :'; I!I ENTER
i I
[ I Bl
T it 8 rat 4 WA 51wt U iy Ao 8 variih o COMFUT sucarih
ord Verstpian roulie copyieien wed peiadn fha PLAAE s, d mg
Fabte | | IMPORTANT: Daria Fably Bo. |2, ond 3 mguirs dacimal gomts.
1 L1 Ll 1
& I H ia &
= ¢ P 5 A i St
o . . i ' & W
T P G I P 5
b H g Y . -_-._.__
&Y i s _|__-|.| i .
3 N | i il iy
H I A i Ll .

When entered completely, the TR-20 input file for the sample watershed will look like:

JOB TR-20
TI TLE
TI TLE
2 XSECTN
8
8

FULLPRI NT
OUTLET OF BASIN AT WATERSHED #5
003 1.0 193. 29
188. 0. 000
190.7 20. 071
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NOPLOTS

0. 000
8.203



8 193. 29 85. 823 24,
8 195. 78 247.063 70.
8 199. 28 923. 957 297.
9 ENDTBL
2 XSECTN 005 1.0 187. 39
8 180. 0. 000 0
8 183. 69 95. 543 21.
8 187. 39 333.701 55.
8 194. 86 1730. 803 242.
8 204. 79 7160. 793 935.
9 ENDTBL
6 RUNOFF 1 1 1 5. 5599 76.048 1.
6 RUNOFF 1 2 2 5.5599 72.541 1.
6 ADDHYD 4 9 1 2 3
6 RUNOFF 1 3 1 2.0411 75. 444 1.
6 REACH 3 8 3 2 7985.
6 ADDHYD 4 9 1 2 3
6 RUNOFF 1 4 4 6.1100 74.710 1.
6 ADDHYD 4 7 4 3 2
6 REACH 3 6 2 1 10424.
6 RUNOFF 1 5 5 5. 6000 76. 350 1.
6 ADDHYD 4 10 15 4

ENDATA
7 | NCREM 6 0.1
7 COMPUT 7 001 010 0.0 4.25

ENDCMVP 1

ENDJOB 2
Output File.
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TR-20 creates an output file which reports the desired output options (hydrographs,
peaks, elevations, volumes) a desired locations within the watershed. The output file for

the sample watershed is shown below:

PEAK

( NULL)

2458. 2

1
1 0
--- SCS -
OUTLET OF BASI N AT WATERSHED #5
VERS| ON
03/ 10/ **
2. 04TEST
13: 10: 42 PASS 1 JOBNO 1
PAGE 1
OPERATI ON ADDHYD  XSECTION 10
| NPUT HYDROGRAPHS 1, 5 OUTPUT HYDROGRAPH 4
PEAK TI ME( HRS) PEAK DI SCHARGE( CFS)
ELEVATI ON( FEET)
13. 30 6818. 4
RUNOFF ABOVE BASEFLOW ( BASEFLOW = .00 CFS)
1.85 WATERSHED | NCHES; 29746 CFS- HRS
ACRE- FEET.
1
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--- SCS -
OUTLET OF BASIN AT WATERSHED #5
VERSI ON
03/ 10/ **
2. 04TEST
13:10: 42 PASS 2 JOB NO. 1
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