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The Rational Method in Stormwater
Management Modelling of Peak
Flow Flood Control Systems, II:

Computer Program Application
T.V. Hromadka II

Wa{:er Rtesources Engineering, Williamson and Schinid, levine, CA 92714, USA aud Deparuicent of Mathematics,
Calilornia State University, Fullerton, CA 92634, USA

C.C. Yen

Water Resources Engineering, Williamson and Schmid, Irvine, California 92714, USA

ABSTRACT

The companion paper's development of the well-known Rationhal Method is used to prepare a computer program  to
estimate T-year return freguency peak flow rates for flood control and environmental planning purposes. When applied,
the computer program results indicate the usefulness of the Rational Method for estimating peak flow rates, and perhaps
explain why the methed continues to be widely used in ecivil engineering. fThe computer program solves for peak flow rates
by solution of the stochastic integral eguation representation of the Rational Method procedure, as derived in the
companion papel.

Key Words: pPeak Flowrate Estimates, Raticnal Method, Storm Drain Design, Watershed Management Modeling, Uncertainty

INTRODUCTION #2

The companion paper (Hromadka [1]) presented a
rigorous stochastic integral egquation interpretation of
the well-known Ratiocnal Method, The derived key eguation
provided T-year return frequency estimates of peak flow
rate, by

LEGEND
#2 /INITIAL SUBAREA 2
(2):CONFLUENCE POINT 2

- O 3§
Qp =CPp & ¥ © {1}

where Qp is t_{}g T-year return freguency estimate of peak
flow rate; Pg° is the T-year return freguency mean
rainfall intensity corresponding to critical dura%ion
{for the peak flow rate criterion variable} 6g, and ¥°¢ =
m?x {s({t+d) - S{t)}, where S5{t} 1is the S-graph

corresponding to  the point of study; and € is a
calibration coefficient, tn this paper, Eg. (1) is %9
implemented by use of a computer program [(Hromadka [27;
designed to solve for Op by use of computed time-area
diagrams. 5 time-area diagram defipes the cumulative
area of the watershed contributing runoff to the subbasin
cutlet ag a function of time.
222

ESTIMATION OF PEAFK FLOW RATES
Fig. 1. Conceptual watershed schematic for time-area

The previous degelopmﬂnt. involving the time-area diagram analysis.
diagram to estimate ¥°¢ values is demonstrated by means
of a computaticnal example problem.

computational Example Problem 1

Fignre 1 depicts a conceptual watershed schematic to
demonstrate the time-area diagram analysis (see Table 1).

Time—atea diagram analysis can be uvsed to illustrate
the watershed response with respect to constant rainfall
inteneity (corresponding to logal T-year ceturn freguency
depth-duration relationships) and storm duration.

Figures 2 through 4 depict time-area diagrams at
three arbitrarily chosen confluence points 3, 6, and 13
as developed from the schematic of Fig. 1. Figure_ 5
illustrates the time ares# diagram for the entire
watershed {Node 14}, The area versus time curve can be
constructed by linearly interpolating area te the time of
concentration. The peak flow rate (Q) versus time curve ol
can be estimated by the Rational Method equation fle.d..
Orange County Hydrology Manual {30

a0t

AREA (acres)

Q{t) = 0.9 {I(t) - Fp} AL} (2) o . ,
0 10 20 30
where pit) = peak flow rate (cfs) at time t.
= infall intensit in/hr) of
T ey, (it ntensity € TIME OF CONCENTRATION (min.)
Fp = watershed averaged loss rate {in/hr).

= .} tespect to time t. "
Lty siea {hores) e Fig. 2. Time-area diagram at confluence point 3,
Puper received 1§ September 1988
and in finel form #6 March 1858
Referees: Drs. Aaron A. Jennings and Che-Yu King
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W
8 TAELE 21
Q 561 PEAE FLOW RATE DATE FOR EXAMPLE PROBLEM 1
e
<
uj4o Ezak Flow Time-of- Effective
2% i Rate Concentration Area
o f{efs) Te {min.) {Acres)
30 k.28 19.80 1356.90
B 318.43 21.50 145,39
309.01 25.44 157.44
296.83 28.02 160.86
20 . , 280.81 30.97 162,00
o o 20 30 318.13 20.96 142.83
118.31 22.00 147.67
TIME OF CONCENTRATION (min,) 310.84 24.93 156. 41
318.04 20.73 141.75
Fig. 4. Time-area diagram at confluence peint 13. 308.47 25.58 157.69
3l6.02 23.43 152.70
Bguation (2} is analogous to . Bq. (1), if we consider 315.70 23.57 153.11
c =0.9, 3% € = 1{t] ~ Fp, and ¥ie = a(e), 293‘23 27.73 160'63
Tigure 5 clearly indicates that the peak flow rate 314,65 1s.23 123.5
(@ = 318.4 cfe) of the catchment occurs at time-of- Sowege: 28.23 15480
concentration egquals to 21.5 minutes and contributing 285‘8; gT'gi igg.ﬁé
catchment area equals to 145,39 Acres. That is, the rate 285.30 33‘13 161.89
of increase in contributory area versus the rate of 1 : - 14 . 1
decrease in effective rainfall rate maximizes the runoff 3L7.87 22.30 8.9
peak flow rate at 3LA8.4 cfs. 315.25 23.73 155,53
306.11 26.13 158.5%
For every watershed, a tlme-area diagram can be 297,60 27.86 160.74
developed for each point where the engineer desires, and
the corresponding peak duration can be determined. For * indicates total watershed area
example, if a new storm drain is needed from Node 14 to
Hode 15 {see Fig. 4], the peak duration at Hode 14 is at a time-of-concentration of 28.4 minutes, That ia, the
25.16 minutes for § 25-year return frequency storm, and maximum flow rate oeeyrs when only 64.%7 acres of the
the corresponding peak flow rate is £5.5 cofs (see total 73.6 acres contributes o the psak flow rate. This
Appendix A). Thus, a storm drain of diameter egual to 45 corresponds Lo a critical storm duration of 28.4 minutes.
inches iz adequate to carry this peak flow rate. All the Figure 7 depicts the time-area diagram for the entire
above procedutes have been implemented into an  user- watershed,

friendly computer program by Hromadka L2].
Computer Program

The above examples demonstrate the dependency
between contributory area and the corresponding storm

critical duration, I in maximizing the criterion

Computational Example Praoblem 2
4 28-year return freguency peak flow rate estimate

study was conducted on a small watershed as shown in ot

Fig. 6. Three streams are confluenced (i.e., added) at variable of peak flow vate in free flowing catchment
Node 14, then routed to the watershed ountlet point (Node drainage  systems. Ohviously, the above diagram
16). The total study area is 73.6 acres, The peak flow procedures are time-consuming and a computer program is
rate is 92.7 cfs wikh a contributing area of £4.97 acres advantagecus. The software developed provides the above

described detailed computations.
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Fig. 6. Watershed schematic for example problem 2.

The computer program evaluates peak flow rates, for
all nodal points used in the link-node model, by
examining a sequence of storms, sach storm of a constant
intensity corresponding to the depth-duration data of the
region under study [11. For example, a 1l00=-year S-minute
storm iz a rainfall of S-minute duration and of a
constant intersity egual to (for example} 6.2 inches per
hour, whereas a l100-year 3I0-mipute storm has a constant
intensity of 2.2 incheg per hour. The computer program
uses a sequence of n-minute storms, for n = 5,6,... until
no change in nodal point peak L[low rates is obgerved. It
1z noted that the nodal points will "maximize® in peak
flow rate values for different storms. 1In [2], details
regqarding the mechanlcs of the software are reviewed.
The added features afforded over [2] is that a more
accurate soluticn of Eg. (1) iz achieved, in conformance
to the theory presented in [1].

The computer program provides the following ocutput
options: 1} a portion of the detailed subarea
¢alculations printout, 2} summary tabulation output, 3}
watershed schematic Jlagram, and 4) master plan of
drainage facility summary. The watershed schematic
diagram reflects the conceptual model  that  was
congtructed by the modeller. The master plan of drainage
facility summary report illustrates the prelininary
construction cost of the drainage system {channel and
pipe). hppendices contain all four computer ootput
options.

CONCLUSIONS

Hromadka [ 1] shows that the Raticnal Method equation
is equivalent to a model of a highly discretized
catchment with linear routing for channel flow
approximation and effective rainfall intensity is uniform
and constant over the contributory catchment area. Use
time-area diagram and Eq. {2}, the peak flow rate (Q) can
be estimated. For most of the watershed, the
contributory area is less than the total watershed area.
The developed Rational Method computer program can be
used by public agencies to develop a computerized master
plaf of drainage for urbanized regions such as presented
in 21
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=
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Fig. 7. Time-area diagram for example problem 2.
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APPERDIX A: DETAILED GUTPUT

B kRl A e e N NN a TSN IR EEE bt RN Rk E e

PATIORAL NETROD ATOROLGGY CONPUTER PROGRAN PACKAGE

USER SPECIFIED BYDROLOGY ARD HTDRAULIC MODEL [RFORMATICN:

USER SPECIFIED STORM EYENT{YEAR} = 5.0

SPRCIFIED NININUM FIPE SIZE(INCH) = 2400

SPECIFIED PERCENT OF CRADIENTS(DECINAL} 70 USE PUR PRICTION SLOPE = .90
tDATA BANK RAINPALL USED*

B N N I R NN RN L R Y N N T N Y TR 22221

PLOK PROCESS FRON WODE  11.00 70 KODE  12.00 IS CODE = 2

PYYDRATIONAL WETHOD IRITIAL SUBAREA MMALYSIS{{{ft¢

DEFELOPMENT IS ZIMGLE FANILY RESIDENTIAL - I DWELLINGS/ACER
TC = EA[{LEAGTR*+ 3.00)/{BLEVATION CHAMGE)]:: .30
INTTIAL SUBAREA PLON-LEWGTHIZEET! =  £00.00

UPSTREAN ELEVATION(FEET] = 00,0

DOVESTREAY ELEVATION (FEET] = 98,00

BLRVATION PIFFERBRCEIFEET! = 3.0¢

TCINIR.} = 4382[1 §00.9022 3.00)/1 00078 20 = 11044

25 YEAR BAINFALL IRTERSITY(TNCH/HR} = 2.141
$O1L CLABSIFICATION I5 "A"
RESIDENTTAL-» 2 DNELLINGE/ACRE SUBAREA LOSS RATE, FalINCE/ER) = 20D
SUBAREA RUKOFRICPS) = 16.79
TOTAL ARER(ACRES) = 10.00  PEAR FLOW RATE{CFS) = 16.7%
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FLOF PROCESS FRON HODE  12.00 70 KOD8  13.00 IS COPE = &

»3333COMPUTE STREET FELOW TRAVEL TINE THRU SUMAREAC((((

UPSTREAN SLEVATION(FERT = 43.00 DOWNSTREAX BLEVATIONIZERT = 95,00
STREET LENGTH(FEETY = 350.00  CURR EEIGTH(INCHES = 8,
STRERY HALFWIDTE [FZET) = 32.0¢

DISTAKCE PRON CROWN T0 CROSSFALL GRADEBREAK{FEET] = 11.0¢
INTEREOR STREET CROSSFALL(DECINAL} 020
OUTSIDE STRERT CROSSEALLIDECINAL} 0

SPECIFIED NUNBER OF BALFSTREETS CARRTING RUNDYF = 1

*HTRAYEL TINE COWPOTED USING MEAN PLOWICER) =  24.47
STREET PLOW MODEL RESOLTS:
STREET PLOW DEPTHIPEET]) = .54
PALEFTREET FLOCD WIDTRIPEET] = 10.9?
ATERAGE FLOW VELOCITY(FRE?/SEC.} =  2.87
FRODUCT OF DEFTHAVELOCITE = 1.5
STREEY FLOV TRAVEL TIME(WIN.} = 2.19 MC(ME0 = 313

15 YEAR RAINPALL INTEXSITY(INCH/MR} = 3.025
SOT6 CLASSIPICATION IS *A"
ARSIOBATIAL-Y 3-4 DNELLIAGS/ACRE SUBRREN (03§ EAYE, EW[INCH/HR) = 2400
SUBAREA AREA(ACRES) =  9.60  SUBARRA RUWOPFICPS) = 15,42
EFPRCTIVE AREACACRES) =  19.50  AVBRAGED EM[INCK/TR} = .25
T0TAL MREMACRES) = 19.50  DPEAK FLOW RATRICRS) = 312
END OF SUBAREA STREET FLOV EYDRAULICS:
DEPTRIFEETI = .61 HALPSTRERT FLOOD WIDTHIFEET} = 12.00
FLON YELOCITY[PRET/SEC,] = 3.9 DEPYEeVELOCITY =  1.80

R R R T I R R RN R R LR e N T N R T T AR A T LIRS

FLOW PROCESS FROK NODE  13.00 YO NODE  14.00 I§ CODE = 3

¥32COMPUSE PIPE-FLOK TRAVEL TINE THRU STBARBAC{{((
P31IUSING COMPUTER-ESTINATED PIZESIZE [MON-PRESSURE FLOWI {<i&(

DEFTE OF FLOW IN 36.0 INCR PIPB IS 26.4 INCHRS

PIPR-FLOV VELOCITY(PEET/SEC.) = 5.6

YPSTREAN NODE ELEVATIONIFEET} = 96,00

BOWNSTREAX FODE BLEVATION{PERY! = 9400

PLOY LENGTH(FEET) = 4£30.00 MANNIKG'S N = .013

ESTINATED PIPR DIANETER(TNCH) = 34,00  NUMBER OF PIPES = 1
PIPE-FLORICFS| = 1.13

TRAYEL YINEININ.) = 1.9 TCINIA| = 25.18

EARARR RS AN AN S PR EEE R R hR SR E R R e nd AR R b L LRt R E Aot Rt ERELCAND

FLOW PROCESS FROM WOUE  14.00 10 WODE  14.00 IS CODE = 3

JIYMIADDITION OF SUBAREA O MAINLINE PEAR PLOW{<{{{

25 YEAR RAINFALL INTBNSITY(IRCE/ER} = 1.934
3010 CLASTIFICATION I3 “&°
RESIDENTIAL-» 3-4 DWELLIKGS/ACRE SUBAREA LOSS RAYE. Fu(IKCH/BR) = 2400
SUBAREA ARBA(ACRES) = £.00  SUBARER RUNOPPICFSt =  §.15
IEFECYIVE ARTA(ACRES] =  25.80  AVERAGED FmiINCE/ER] = ]
TOTAL AREACACRES| = 25.4%
PEAY PLON EATEICES) = 33.64
TCIRINLL = 29,16

EEEEEREEEEESRRREEASSAAATEEIRECEL SRR ENNISECERIa EbbrEaTRbrbRasadaraandtatie

FLO® PROCESS FRON NORE 14,00 T WODE  14.00 5 CODE = 1

333330ESIGNATE INDEPENDERT STREAM POR CONPLUENCE{({ct

TOTAL NOMBER OF STREAMS =

CGNPLUBHCE VALURS USED POR IKDEPENDENT STREAM 1 ARE:
TINE OF CONCENTRATICNIKIN.) = 35.16

RAINFALL INTENSTTYIIRCH/BRE = 1.%1

AVERAGED Fa{INCB/BR} = .3

EFPECTIVE STREAN ARBR{ACRES) =  15.80

TOTAL STREAN AREM(ACRES) =  25.80

PEAL FLOW RATB(CFS) AT CONTLYERCE = 1.6

ltitII‘:tllll!lill!kltIkkttillllIllkt‘tt!llilllIkk#tti!liilllillt!lll!!!!!li

PLOW EROCESS FROM WODE 14,00 TO MOBE  I5.00 ISCODE= 3

Fr>COMITE PIPE-FLOT TRAVEL TINE THRU SUBAREAC({((
¥ DUSTNG CONPDTER-ESTIMATED PIPESIZS [WON-PAESSURE PLOY] (¢{<t

DEPTH OF FLON TN 45.0 INCE PIPE IS 4.9 INCHES

PIPE-PLOW VELOCITY(PZET/SEC.} = 1.]

UPSTREAX XODE RLEVATIONIPERT) =  94.0¢

BOYNSTREAX NODE RLEVATIONIPEETI = 92,00

FLOW LENGTR(PEET) = 550.00 NAMMING'S K = 013

ESTINATED FIPE DIANETER(INCH} = 45.00  NGMBBR OF PIPES = 1
PIPE-FLONICES) = 65.51

TEAVEL TIME(NIK.] = 113 TCININ.) = 26.45

tlllk!lillSlilllk!ttklitllllllllttltllllllltlliiittlll!!llltitttlllll!llitti

FLO¥ PROCESS FRON MODE  [5.00 70 WODE  15.00 IS CODE = 3

PIVI2AUDITION OF SUBARER TQ MAINLINE PBAX PLOM{L((L

35 TEAR RAINPALL INTERSITY(INCA/BR) = 1.842
S0IL CLASSIFICATION IS "A"
CONBONINIUNS SUBAREL LOSS RATE. PafINCH/ER} = 1400
SUBARER AREA{ACRRS) =  5.I0  SUBARER RUACFRICES) = 4,00
EFFECTIVE ARERACRES) = {%.11  AVERAGED Pm(INCB/HR} = .1
TOTAL RREAIACRES] = 58.00
PEAR PLOW RATEICPS) = 71.46
ICININ.) = 26.45

RASEEEENE btk u b a bbb aR A et dnR s Pt Een b nundattisshnie

PLOV PROCRSS PRON WODE  15.00 TO MODE  15.00 IS CODB = 8

}pYRARDITION OF SUBAREM T0 MAINCINE PRAR PLOWCC(C(

25 YEAR RAIKFALL INTEWSITY(INCH/ER) = 1.682
S0EL CLASSIFICATION 15 "A"
AFARTNENTS SUBAREA LOSS RATE, FaiINCB/ER) = 0800
JUBARER AREA(ACRES) = 4,80  SUBAREA RUNOPPICRS) = 7.78
EFPECTIVE AREA(ACRES} =  54.IT  AVERAGED Pai{INCB/ER} = .26
TOTAL AREA[ACRES} = 61,80
PEAX FLOW RATE(CPS) = T9.24
TCININ.) = 2648

EkNibdthibstiedaas et tesad it ninbnE sttt ebednnatat s nRnRNEREEE

PLOK PROCESS TRON NODE  15.00 M0 FODE 1600 ISCOBE = 5

311 >CONPUTE TRAPEIOIDAL-CEAMNEL PLONC(A(C
133)TRAVEL TINE THRU SUBARBAC{{{(

UPSTREAN NODE ELEYATIOR(FEET) = 93.00

DOWMSTREAN NODE ELEVATTON(FRRT) = 98.4¢

CHANNEL CENGTH TERU SUBAREAIFRET} =  700.00

CHARMEE BASE(FEET) = L840 ™" PACTOR = 2.000
NAMAING'S PACTOR = .01%  MAXINUM DRPTHIFEETI = 1.1D
CHANNEL FLOY THRY SUSMEEA(CES) = 1.

FL0% YELOCITY[PEET/SEC.) = S5.B6  PLOW DEPTH(FEET) = 2.15
TRAYRL TINE[NIR.) = 1.99 TCININ.] = 28.44

EEAALttAATERRNAAEERRARENAARIRRELERRRAARERERTRERKEMNARARRARTLERERANN AR LRSS
FLOW PROCESS PROM KODE  16.00 T4 NOBE  15.00 IS CORE = 3

PY3IINDDITION OF SUBAREM 70 MAIRLINE PEAK PLONL{(((

15 TBAR RAINFALL INTENSITTINCH/ER} = 1.606
$OIL CLASSIFICATION IS "A*
CONMERCIAL SUBAREM LOSS RATR, FalIRCH/ER) = 0400
TUBAREA AREA[ACRES) =  10.20  SUBAREA RUNOFFICPS) = 17.17
EFFECTIVE AREAIACRES) =  §4.97  AVERAGED PE(INCH/HR) = .22
TOTAL AREMLACRES) = T1.60
PRAL FLO¥ RATEICPS = 92.11
THININ.] = @844

ENE OF STUDT SUMMARY:

TOTAL AREX[RCRES) z 13,60 TCININLY = .4
SPPECTIVE ARDA(RCRES) = §4,97 AVERRGED FulINCH/HR)= .12
PEAL FLOW RATEICPS] = 92,11

ted PEAL PLOW RATE TABLE 4t1
QICFEl  Te(NIX.)  FuiINCH/AR|  heiACEBS)

1 52.58 17.08 21 62,79
i 92.71 8.4 LA 64.91
i 13.02 13.58 IR 13.60

EHD OF RATIONAL METHOD ANALYSTS
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APPENDIX B: SUMMARY OUTEUT APPENDIX (: WATERSHED SCHEMATIC OUTPUT
+-4 TL.0DY 100,800+ 4 3000 M)+
. P | INTTIML SUBARER | { INTTINL SUMAREL |
P HH fl 3 1 |
by H 5 TWA T
s - i | SOIL GROUP 3 iOSOIL GROOP 3 !
i } scuaTes o i ! OLEWGTE = 800, PT ! | LBNGTE = 750, BT |
1 25.0-YEAR Stomy RATIONL HETWOD $TUDY | PaiE wmeER  OF i | OMEL= 100 AC {OMEA= 3500
Hioereeeeld DV ARGED ENGLREERING S OFTHAR Efommrrmmoromeres i 4 12,000 58.00}-+ b4 3L 3).000-+
| ICOMCENTRATION! AREA IACRES) FSQILIDEV.: Tt ! T ' I (Fw! Fn! 4 IPATHISLOPE! ¥} HYDRADEECS | | I
E i POINT WUSBERSUBARER! SUN TYPE!TTPEININ. | MM, ‘fnfh! tlhyg]l SUm OLUFL1IME/EIFRS.) SND MTES D) L] T
i s S A A S b 12000 9000+ f LI 9,00
i : TR d i | TYO-SEDED STREST | ! TNO-SIDED STREET !
i ; i ' 'Illml. sumw ' ettt ettriaeeeaeees f [ !
L e - ! CURE EBIGHY = 8.IK ! | CURD HEIGH? = 4.IN !
§ 1 ik te-STREET! OEFTHs S 1t | T | RALPMIDTH = 22,007 0 -8 J1.000 $9.001-+ | EALRWIDTH = 2D.0F7 !
RN T SFLOBBUTETARZL ) ¢ | B-CROWN = 1.0 P 4 % TDMITEAL SUAAREL ¢ ! o-Chowg =110 91 ¢
b e ' POI-RLL = 0200 | feioiin. {1 CITMLE 000 |
0 ; ‘m,°;“1‘w ;},,';"2; ' PO r-ML = 0200 ) | Towac 170 T-EML G 0200 !
1 ) | LBMGTH = 3500 FT P ! SOIL SROWP K i | LEWGYE = 550.0 FT !
P | lvverensrrennneaenrts | 1 LENGTH = §00. FT Y 4., ceend
i nl ! HBAC L MEA= LOAC ) i nuuc I
i L | oS0IhGROUP 3 1 4+ 20000 95.000-+ | SoILcmom X |
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APPENDIX D: MASTER PLAN OF DRAINAGE FACILITY SUMMARY
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