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Short Communication

Application of the USGS diffusion hydrodynamic
model (DHM) in evaluation of estuary tlow
circulation

Theodore V. Hromadka II*, Chung-Cheng Yen & Patricia A. Bajak
Williamson & Schmid, 15101 Red Hill Avenue, Tustin, California 92680, USA

Many of the hydrodynamic models used for tidal flow regirne and storm sarge
analysis are based upon use of the two-dimensional hydrodynamic equations,
which are obtained from the parent three-dimensional flow equations by averaping
with respect to the vertical coordinates. Various numerical techniques, such as
finite difference, finite element, and the method of characteristics have been. used
to solve these mathematical models,

The USGS diffusion hydrodynamic model has been developed to simulate
two-dimensional surface water flows, and solves the governing flow eguations by
neglecting the inertia terms, The DHM has previously been applied to a hypo-
thetical bay study with results comparable to those obtained using the method of
characteristics. In the curreni work, the DHM is applied 10 the Batiquitos Lagoon
lecated in the City of Encinitas, California for the purposes of evaluation of tidal
flow characteristics. The main objective is to determine local flow velocities and
circulation patterns in the lagoon caused by the incoming and outgoing tide.

INTRODUCTION applied to the Batiquitos Lagoon located in the City of
Encinitas, California (see Fig. 1) for the purposes of
Many of the hydrodynamic models used for tidal flow evaluation of tidal flow characteristics. The main objec-
regime and storm surge analysis are based upon use of tive is to determine low flow velocities and circulation
the two-dimensional hydrodynamic equations, which are patterns in the lagoon caused by the incoming and
obtained from the pareni three-dimensional flow outgoing tide. This information will be useful in develop-
equations by averaging with respect to the vertical coor- ing sediment and debris control and reduction measures
dinates. Various numerical techuiques, such as figite dif- {if necessary) for the watershed of Batiguitos lagoon,
ference, finite element, and the method of characteristics aimed at preventing further siltation of the lagoon.

have b?en used to solve tlfese_ mat_hernatlca}l mode‘ls. A DESCRIPTION OF THE DHM
full review of these models is given in Heaps' and Nihoul ) o _
& Tamant.? Details on the theory use and verification of the DHM
The USGS diffusion hydrodynamic mode! (Hromadka are coniained in the USGS Water Resources Investiga-
& Yen® Y has been developed to simulate two-dimensional tion Report, 87-4137 (Hromadka & ‘_1"3“3)- OT‘i_Y a brief
water flows, and solves the governing flow equations by development of the DHM governing cquations are
neglecting the inertia terms. The DHM has previously provided herein. ) )
been applied to a hypothetical bay study with results The two-dl_mensmnal }Jns:teady flow equations consist
comparable to those obtained using the method of of one equation of continuity

characteristics (Lai*). In the current work, the DHM is % + % + % = Q )

* Also at Departient of Applied Mathematics, California and two equations of motion

State University, Fullerton, California 92634, USA. _‘3_’5%5 a_‘i: (%25) + ?;z (~——~Q;Qy ) + g4, [er A+ gﬁ} =
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Fig. 1. Location map.
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in which 1 is time, x and p (and the subscripts) are the
orthogonal directions in the horizontal study plane; g,
and g, are the flow rates per unit width in the x- and
y-directions; z is the depth of water; g, and @, are the
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Fig. 2. Finite grid elements for DHM model.

flow rates in the x- and p-directions, respectively; A is the
water surface elevation measured vertically from a hori-
zontal datum; g is the acceleration of gravity; 4, and A,
are the cross-sectional areas, and S; and S, are the
friction slopes in the x, y-directions. The DHM uuilizes a
uniform square finite element to model the two-dimen-
sional unsteady flow; therefore, 4, and A, are computed
from the product of the length of uniform grid element
and the depth of water.

The friction slopes Sy, and S, can be estimaied by
nsing Manning's formmla

S = ‘C%m (3a}
and ] :

8y = E«‘%%;ﬁ (3b}
Zl(tl
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Fig, 3. Sinusocidal equation of tide hydrograph.

in which # is the Manning’s voughness factor (based on
a composite or weighted average); R,, R, are the hydraulic
radii in x, y-directions, respectively; and the constant
C = 1 for 81 units and 1-486 for US Customary units.

In the DHM, the local and convective acceleration terms
in the flow equation (i.e. the first three terms of eqn (2))
arc neglected (Akan & Yen). Thus, eqn (2) 15 siraplified as

oh
See =~ 7= (48}
and
dh
Sly = - 5; (4b)

C
g, = ;A;R.%”—W {5a)
Bx|
(-5)
C o Ay
Q, = ;;Ay f-‘w (5b)
5

which accounts for flows in both positive and negative x-
and y-coordinate directions. The flow rates per unil
width in the x- and y-directions can be obtained from eqn

(5) as
-2
C o, éx
g« = — zR¥ PR (6a)
ax
-3
dy
4 = 5 R g (€0)
2y
Substituting eqn (6) into eqn (1), gives
(- (-5)
91C _\ 0x 81C s\
3x ;Z * TR Jy HZRJ» @’1;2
o &y
éh
o = ¢
or
¢ oh 2 ok Ch
— K, — — K = = = 7
dx [Kx 5.:(] + 6y[ Y 8}?] o )
where
. 172
K, = EZR?B/ il
# x|
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Fig. 4. {a} Results of deep lagoon (Case 2) simulation (cont.); (b) results of shallow lagoon (Case 1) simulation (cont.); {c) results of
shallow lagoon {Case 1) simulation (cont.).

and fully discussed in the USGS Water Resources Investi-
c ane gation Report, 87-4137 (Hromadka & Yen®). The data
K = - 2R / % preparation needs for a floodplain analysis is also dis-

! cussed in the USGS Water Resources Investigation
The mumerical algorithms used for solving eqn (7) are Report.
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Fig. 5. Summary of shallow lagoon {case T} simulation.

DESCRIPTION OF THE BATIQUITOS LAGOON
Batiquitos Lagoon (see Fig- 1) is located at the north-
western part of the City of Encinitas, California. The
lagoon is approximately 2-3 miles long and 0.25 miles
wide and is consiricted by three bridges. The front
portion of the lagoon is between the Pacific Coast
Highway (PCH) and the Atchison Topeka and Santa Fe
(AT&SF) railroad. The AT&SF railroad and the San
Diego freeway (1-5) form the middle portion. The
upstream portion extends from I-5 to the mouth of the
San Marcos Creek and comprises 70% of the entire
lagoon.

DESCRIPTION OF BATIQUITOS LAGOON
MODEL

The lagoon was discretized into 130 grid finite-elements,
of dimension 400-feet, as shown in Fig. 2. A longitudinal
gradient of 1'5 feet/mile was assumed for the lagoon
bottom along the east—west direction and 0-75 feet/mile
was assumed for the north-south direction. An cffective
flow path of 100 feet was assumed for the restrictions
under the PCH, the AT&SF railroad, and also the I-5
freeway. A Manning's roughness factor of 0-035 was
assurned for the entire lagoon, To model the fiow-depth
variation, with respect to timae, due to tidal fluctuations,
the sinusoidal equation is used to model the tidal depth
(Z(¢) as shown i Fig. 3) as follows:

2n(r + &)
T

where 4 = amplitude (feet), & = phase lag (hour),
M = mean water surface elevation {feet), 1 = time
{hour), T = tidal period (hour). Due to only minor
freshwater inflow from the tributary San Marcos Creek,
the DHM meodel further assumes that the circulation of
the lagoon is driven by the fluctuations of the assumed
tide hydrograph.

~ Shallow and deep-water depths were used to investi-
gate the flow circulations for existing and dredge con-
ditions, respectively.

Z(t) = Asin + M {8)

Case 1 — Shallow lagoon analysis

An initial water surface elevation of 3 feet above mean
sea level was assumed for the lagoon. The tide hydro-
graph was specified to have a period of 12 hours, an
amplitude of 3 feet, and to coincide with the standard
sine curve (1.e. phase lag is zero). Because of the long and
narrow shape of the lagoon, negligible flow circulation
inside the lagoon iz predicted from the DHM model.
Figure 4 depicts the water surface profiles for the shallow
lagoon during a 24-hour simulation.

Figure 4 indicates that the flow direction in the lagoon
is either inward or outward depending upon the rising ot
the recession of the assimned tide hydregraph, respectively.
Figure 5 iltustrates the averaged water surface elevations
for the downsiream, central, and upstream portions of
the fagoon corresponding to the specified tide hydro-
graph. The DHM results indicate that the two crests of
the tide hydrograph (between hour 06 and hour 12-18)
have the major ¢ffects on the front and middle portions
of the lagoon and negligible impact on the upstream
portion of the lagoon. The averaged flow velocity of the
lagoon was predicted to be less than 2 fifsec during the
entire 24-hour simulation. Therefore, deposition of
sediment may occur under the assumed shallow lagoon
conditions.

Case 2~ Deep lagoon analysis

In Case 2, the lagoon was assomed 7 feet deeper than in
the Case 1 analysis, to simulate a dredged lagoon. The
same initial and boundary conditions as used in Case 1
were also used to investigate the flow conditions for the
dredged lagoon. Figore 6 illnstrates the averaged watet
surface profiles for a 24-hour simulation within the deep
lagoon. Average flow velocities of 5-5 ftfsec and 4-6 ft/sec
were estimated for the central and upstream portions of
the lagoon. This indicaies that the area between the
AT&SF railroad bridge and the breakwater has sufficient
flow velocity characteristics to transport the sediment
from San Marcos Creek to the front portion of the
lagoon. The average velocity in the front poction of the
lagoon was estimated to be 2-8 ft/sec during the low tide

period, Thus, the sediment may accumulate on the down-

stream portion of the lagoon. Figure 7 depicts the
average water surface elevations corresponding to the
tide hydrograph. Figure 7 suggests that the tide hydro-
graph has more hydredynamic influence on the assumed
deep-water lagoon configuration than on the shallow
lagoon.

TOPOGRAPHIC MODEL

A short version of the topographic ronting component of
the DHM is presented herein in FORTRAN. The
FORTRAN listing is provided in Appendix A, with
User’s Instructions given in Appendix B.
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Fig. 6. (a) Results of deep lagoon (Case 2) simulation; (b) results of deep lagoon {Case 2) simulation (cont.); {c} results of deep fagoon
(Case 2) simulation (cont.).
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CONCLUSIONS

The DHM has been primarily used for floodplain
analysis. In this study, the DHM is used to evaluate the
flow characteristics within a narrow estuary. Application
of the DHM to Batiquites Lagoon provides the average
water surface profiles and flow velocities within the
lagoon, These computed results indicate that the subject
lagoon has negligible capability to transport sediment
under existing shallow-water conditions. Modeling an
assumed dredged lagoon does indicate some sedirnent
rransport capability bul more detailed sedimentation and
estuary analysis are needed (o ensure an optimurm con-
dition for the lagoon.
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APPENDIX A: PROGRAM LISTING

SETORAGE: &
c

< PROGRAM DHM ~- TOPDGRAPHIC HOOEL
CHARACTER IOPT*1, JFILE=SQ, TCFILE=S0. [T"60
[
UOMMONBLE, L/FP(SD8. B).FPAL
COMMON/BLE 2/NRAT. HERAT, I‘JRA1PJ[30 27 RCURVLZD. 5,5

JIMBMSTON ROUFX{58) . DMAX(EQGr, [IMEX 506 EINF (10, AF119,1d. %)
OIMENSION HoDDC(58), vEL{59%, 4) ,R(19.2) . wid)

I

TATA NRSL/ NW/ 2/, IW/BS
DEFINITIONS
FROODPLALN ENFORMATION:

FP{I,J)=HN-,E~.5—, W= ELEMENT WUMHER,FLAG FOR GLOBAL/LOCAL ELEMENT.
AVERAGED ELEMENT ELEVRTLIOMN, IWITIAL WATER DEPIN.

noaoann

TEMPORARY MEMORY
FPR{11, J)=BEFFECTIVE PLOW-PATH FACTORS FOR M.E.S.W.

MANNING'S o FOR .E,5.W. »WD EYFECTIVE MRER FACIUR
HEATHA{I,J) wUPSTREAH/DOWNSTRERY NUDES FoR FLOODPLAIN RATING CURVES
RCURVII. J. K] =FLOODPLAIN RATING CURVES
HONFY (1} =2RECIFIED JUTTLOR RODES
DMAX | I)=HAKIHMUM WATEER DEFTH
TIMEX (T}=TIME COREESFONDS TO MANIMUM WATER DERTH
RINE 111 =INFLUN ROUDAL POINTS
HP{I,J K}=INFLOW HYDROGRAFPH FOR NODE I
HOODC (1] =CRETICAL DEPTH OUTELOW HODES
YELIL.Jl=h-,E- 5~ AND W-EFFLUX VELOCIYIES
E{I,J}=BFFECTIVE RAINFALL INTENSITY CURVE
Q{L)=FLOWKATE EETWEEW AODJACEWT PLOODPLATH ELEMENE

. UEEN INPUT/QUTBUT YNIT3 AND FILES

NooodaonnAaoonoana

WEITE(ZH. 1l0a5)

READ(IN.1094} IFILE

QEFENAURIT=HE , P TLA=1FILE, STATUS="0LD" |
1 WRITE(IW. 1041

FEAD (IW, 1Q@ZLIOFT

IFLIOPT -EQ. 171 G0 TA 2

IFITOPT .EQ. "2'} 60 o 3

Go T 1

E CEEN |UNIT=N¥, FILE='"PRN', 6 STATUS= NEW')
GO TO 4

El WRITE (TH, 1491t

EEAD(IW,10Q4}IDFILE

OPEN {DHIT=HW. FILE=IOFILE, STATUS='HEW')
4 ALONT IHUE

WRETE{IW.l00&])

REEAD[1W 10G4) IT

[ OATA INFUT
a4

i, ... -READ PROUGHAM CONTROL DRTA
EEAD [NR. ") OTHIN, DTHAX,BTT, DTO, $TMUL, TOUT, KODE, RMOGEL
READ{NR, * ) HNOD, SI0E, ToL, 0TOL  OTOLE  KARER , KOW
[a iR INpT FLOGDPALIN INFORMATICON
Lo & Ial.HHOD
READ LME. , *| (EELT 171 . 3=1.71
IF(FP(1,5).E}.1.1THEN
D3 6 J=1.8
IF (] LE. s TRER
FPAIL, J1=1.
ELSE
FERIL, ¥ =AGR
ENLIF
& CONTIRUE
FPa (I, 2:=NARER
ELSE
REATHINR, # ) {FPACL,K)  E=1.9)
ENDTF
E CONTINUE
<. .. .BEAD EFFRCTIVE BATHYRLL IWTERSLTY iLINERR FUNLTION
READ(NR, *INERT
IF(NEEI.GE_1/READNE, ) [[R¢I.7),J=1,2),I=1,NERI]
Coraas REAL 1HPLLM WIDROGREITHS |LIWNERR FOWCTIONG
READ (MR, * ! NFPFT . HEFPT
IFJNFET.uT.1;G0TO 25
oo 29 I=1.NFFPI

ae READ(NR, #)EINP{I}, (HE{T.J. 1} . HE{T.J, 21, J=1 HEFPT)
©.,...READ FLOODPLAIN RATIWG CURVES UIDES
READ{ME, * FHRAT.NFRAT
28 IF(NRAT LT.1]G0 T2 10
Lo EATING CUBNE T3 APPRUNIMATED AS
Curema & = ALFHAS (DEPTH OF WATER} **BETA

0p 27 T=1.HEAT
EERD MR, £ IWARTWAL, L0 CARRTWL  B) L ARCURYAL, T, L) RCURY L, 2. 30,
c RCUR¥I(I.J.3],J=1,NFRAT)

2t CONTIHUE
Torvae ®ERD OUTFLOW CRITYCAL DEPFTH NCOOES
ig READ (NR , = | NDC
TFINOC.GE. 1IREADINE , =) (NGDDC(IY  I=L . HDC)
[P KEAD SFECIFIED OUTFLOW HODES

BEEAD{NE  #] NFLIOX , TFOUT
IF(NFLUX . GE.LJREADINE , #1 LWGOERA T Il JHELURY

[ END oF INPUT FILE

kL CONTINUE
CLOZE (IR TaHR)

Co. ... ITPUT/OUTEUT FORMATS.

igal FORMAT(' PRINTOUT OPTYONS: ™. /GX.
€ 1= RESULTE FEWT DIRECTLY TO PRINTER' . /5K
¢ ‘2= RESULTS ZENT 70 A FILE ON DISR'./.
'  EBELECT DESIREDL CPRTICON -:'.%)
1R FORWAT (X3 }
Lg83 FORHAT(/.' ENTER RESULTE FILE NAME-® /.,
o ' (Example: DHM RES) =31
1094 FORMAT (AGA)

1905 FORMAT(/. " ENTER INPUT FILE NAME®./

[ ' (Exampla: OEW_ORTY El Ly

196 FORMAT!' ENTER BPROJECT DESCRIPTIONS -2', %)

1887 PORMAT(/, LOK, ' **+ Diffusion Hydrodynamic rodel Analysis =4=*./,
CooAgET-r L4, PROJECT URESCRIFTIONS @ RmA. /. FILE NAME : ',
£ Aus,/," TIME/DATE OF STUOY : ', IX,';* . I2.2K.T2.°/'.IZ,.'/'.1d.7,

SRy
2pTl FULRANT L/ LER, P *=e RINEMATIC ROUTING s#=' 7}
2082 FORMAT{/, 18X, ' **» OIFFUSION ROUTING w*+', [/}
jed K} FORMAT (16X, 'MIN. TIMESTEF(SEC.: = ', F5.2./.
S 10X, 'HAX. TIMBESTEP (SEC.) = ', FB.2./
< 19X, " [MCREASED TIMESTEP INTERYAL 15EC.. = ' Fo.&./.
C 14K, THECELRSER TIMESTER TRTRAYAL 'SBL,. 3 ¥3.2.7
L L9X, 'TOTAL SIMULATIOR{HOUR) = ', 75.2./.
< 18%, 'OUTEUT INTERVALIHOUR) a '.F5.2)
11 FRREMAT1ER, "WOMBER OF GRID ELEMENTS voR FLOODPLAIN - ', IS,
1%, "UNIFOREHM GRID SIDE{FEET] = ' Fl¥. 5./,
18%, 'RETARDING WATER DEPTH (FEET) = ',F5.4./,
107, *TOLERANCE OF CHANGE IN WATER DEPTH{FEET) = '.F5-4./,
10X, ' FERCENTAGE OF CHANGE TN WATER DEFTH = '.F5.t,° %',/.
10¥, 'SLOBAL MANNWING' '3 FRICTICN FACTOR = ' FG.2./7.
10X, "GLOBAL EFFECTIVE AREA FACTOE = ', F5.3}
Zg05 FORMAT (13g¢'-"1!)
200é FORWAT(// 10X, ‘GRID ELEMENTS DATA:' /(¢
TE, ' exk FLOCOPLAIN IMFORMATION tws'. ./
19X, "HE = CENTRAL GRID ELEMENT'./,
19X, "NEOME. NS .MM = HORTR, EAST, OUTE, R8T GWID EuLEMBTrs ...
1RX, 'NBAR « AVERAGED MANNING® 'S FRICTION FACTOR'./.
10X, "ELEV = AVERAGED ELEVATIGH',/
1K, DETTR » IRITIAL WATER LBETH ./,
19X, 'FACTCR = EFFECTIVE GRID AREA/TOTRL GRID LREA',//)
Zopt FORMATI1X.' NC HN NE H5 HNW HEAR ELEY, DEPTE FACTOR'!
ZhiE PORMAT 110X, 514, 1%, FF.4.2X,F6, 1. 1%.F5.1. 3X.F4.3)
304 FURMAT(//, 10X, 'NUMBER OF EFFECTIVE RAINFALL INTENSITY -,
£ CENTRIES = '.I2./,4¥. LINEAR FUNCTION [N EFFECTIVE BRAINEALL- .
C ° INTENSITY [IN/HR} CN WATERSHED: ./, 10&, "HOUR INTENSITY '}

annann

annfnann
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EORMAT 15X F6. 2. 4% FE_2)

FORMAT(/,10%, "INFLOR HYDROGHAPE AT GRID ELEMENT #',13./.
12X, 'HOUR CFE'}

FORMAT (10X, F5.1.4X F7.0)

TFORMATL{ ¢, LO%,  WUMBER OF CAITICAL-DEPTH CUIFLOW NODES = .14&,7,

18K, "CRITICAL-DEFTH OUTFLOW GRID ELEMENTS: ')
PORMAT (19X, I3,1%,13)

PORMAT {14X.F5.1,5%,FB.2, 1X.F7.2}
FORMAT{ 19X, FS. 1, 4X.F7,1)

FORMMT(//, 5%, "MODEL TIME (HOURS) = *, £16.3)
FORMAT (11X, 'EFFECTIVE RAINFALL{IN/RR) = '.F6.3,/
FORMAT(/ ,5X, ‘AVERAGE FLOW RATE FOR SERCIFIED FLOODELAIN
'WOLBS ;' 10K, 'WODE',5X, CQN',SX. Qe 9, 085", X, Q')
EQRMAT (18X, I4,4{3R.89. 3}]

FORMAT(* FLOODPLAIN # °,Id,' DEL H = ', F§.3." MODEL TIME =
F9.5,' TIME STEP = ' F6.1]

P?WATU-’,EJ{,’MODEL TIME (HOURE] = * Fle.2," (SECONDS) = ', E3.3,

[TOTAL TIMESTEPF NUWEER) =~ *.1PE§.1)
FORMAT (/. T, ' ***PLOODPLAIN RESULTS#x#1)
FORMAT (19X, 'INFLOW ZRTE AT NODE ', I3,' IS EQUAL To '.F18.2)
TORMATL/ , S¥, 'NODE' 7%, 10 [13, 68X}
FORMAT [SX, 'DEPTH', L@ [3X,FB.3)}
FORMAT (3%, 'ELEVATION' ,Fe.3,1042X.Fv. 1))
FORMAT (5X, 'VEL—N*, 194 3X, F8. 31
FORMAT {5, 'VEL-E" . 1R{ 3%, F8. 31}
FORMAT(SH, "VEL-5',1Q(3X%.Fa,3)}
FORMAT (5, "VEL-W',19(3X,Fa.3)}
FORMAT [/, 54, 'OUTFLOW RATE AT CRITICAL-LEPTH WOUES::
/10X, 'NODE  OUTPLOW RATE(CFS]']
FORMAT{18X,I4,5X.F18.2)
FORMAT{ 7/ 5%, 'HIN. TIMESTEP(SEC.) = ' F5.2.
SX. MAX. TIMESTEP{SEC.! = ', F5.Z,
SX. 'MEAN TIHESTEP{SEC.) = '.F6.2,//)
FPORMAT (12304 I

CLlRRAR,FA L
DEPTH GF WATER IS EITHER GREATER THRNW' .

1h@ OR LESS THAN @ v+, 3N, 4% PROGRAH 3TOF =a=x')
FORMAT(ZX,'anr MINIMUM TIMESTEF ' . F&,1.' SHC. 72 TO0 LARGE®
A 3R, =exd L SMALLER TIMESTEF 5SHOULD BE USED =<'}
FORMAT (X, 'MOPEL TTME = - 76.2.' HOURE':
.'eey EFFECTIVE FLOW-PATH FACTORS FUOKR N.E, 3. '
B L T vy HAHNNING' "3 v FOR M. E.5.4°

FORMAT | 2K, '~#* ERROR - NEGATIVE LEPTH OF WATER OCCURS AT'
° FLOODELAIN NODE # °, 13)
FORMAT {19X, ' FROODPLAIN RATING CURYE I3 APPRONIMATED',
AS THE FOLLIWING EQUATTON:®
F.L2M,QOUT = ALPHAS |DEFTH) **BETAL'
FORMAT (18X, 'UFSTREAM NODE » ', I3.' DOWHSTREAM woDE ¥ °, L3,
s 3K, "SEPTH LESS THAN',
CLA%.T OF ENRL To BLEHA BETh'

[ WRITE FLOODPLAIN ENFORMATION TO CUTPUT FILE

CALL GETTIM(I.J.FIT.IZRR!}

CALL GETDAT IKFOUT, IKODE, IR}
WRITE{MNW.198711% IFILE.I,J,IKOUE. IIK, EXOUT
IF IRMODEL . 29 .1 WRITE (Nw, 2¢@8l]

IF (KMCOEL,.HE.1:NRITE(NW, 2002)

WEITE (NW, 2@@3) LTHIN, DTHAX, LTI, DTD. SIMUL . TOUT
WRITE 10, ZGRATANDT, 5IE, TOL . UTUL . DTOLE, XGH. XAREA
WRITE {NW, 29045)

WRITE MW, 2086

WRITE [NV, 2807

0 19@ I=1,NNGD

MN=FF(1.,1]

HE=FE1I 2

NS=FF (I, 3]

NWW=FF[I,4)

WREITE (NW, 2pa4; L NN, NE HS, BWW, XGH, FReT 60, FFPLY, 71 FRPa(I. 9]
IF{ARS(FRII. 5!} .EQ.2_ JWRITE (MW, 2051 (FPAIL, I}, Jwl &}
CONTTHUE

WRITE [NW. Z095)]

IF(NERI.LT.1:GO0TC 113

WRITE!NW, Z38%! NERI

WRITE(H®R, 2¢10) ({R{I,. 0, J=1,31.I=1 NERT!
WEITE{[W, 2905)

IF[NFFI.LT.1!G9T0 120

0% 139 I=1.NFFI

WRITE(NW, 2011 KINVTL)

D 138 J=l NPFFI

WRITE (NW 2212 HPIT. J,1) HBIE, 0.2

SUNTINUE

WREITE [NV, 2085

TFINRAT.LT.L)40 TG 135

WRITEANW, 20611

14 127 I=1_NRAT

WRITE (MW, 2062 ) HRATII 1) WEATHIL. 2

2 127 Jal HPEAT

WRITE(NW, 2019 RCORVIL, 0, 1) . RCURVAT, 0, 2y RCGRVIT.J. 1)
CCNTIHUE

IFINBEC.LT. LiGaTe L4

WRITE (HW, 2013 HIC

ARITE (MW, 2B14) {RODDC (1, T=1 . NDCH

WRITE(NW. 2Q05!

CONTTITE

WRITE(NW, 10827 CHAK (1)

. INITIALIZE CCONSTANTS

LEEC=DTHMIN
DT=TTHIN/ 160k .
DTOLP=RTOLFA . 91
ATERA=D .

QECED .
TTCUT=TCUT
TEFOUTSTEOUT

B0 134 Jal, NHOD
OMRZ (T =
TIMEXL[J) =@
FE(T B1mdy.
COWTINUE

MATH LOOE EOR HMODEL

FHOUT=R
THTHN=3%
THARm =39
THEAN=2

.. .FLOGBPLAIN WOOEL

CONTTHUE
IFCDE=0
TIME=TIHE+D'T

THARIMUM WRTER EURFACE VaLUES FOR FLOCDELAIN', )

T TN

260 HTERA=HTERA+L,
) LIR=0
C.....UPDATE TIME WND IMFLON RATES FROM INFLON HYDROGKAEHS
IF{NFPTI.LT.1} 3070 288
0O 298 J=1,NFPL
DO 308 I=2.NPFET
IF{TIME, GT.BP{F.1,1}]G0T0 190

CBC=HP (T, I-1. 2/ +1HP|J, I,2}=HF4J,I-1, 303 (TEME-09#:d. 1-1.110/

4]

[HP{J. I, 1h-Hp{J,I-1,.13t
GO TO 31
sen CONTINUE
QEC=HE{T NPFFI,2)
12 IFIQBC.LT.9. ) QBC=8.
JIWEINE (JF
FPIJT, 8} «FE[JF, 8] +QRe
CONTINUE
- -THCLUDE THE EFFECITIVE RAINFALL ON THE WATERSHED
IF(KERI.LT.L11GATO 1378
oo 339 J=2 . NERI
L¥ [(TIME . GT.B.LI. 14 1G0TE 133
RRATE=R [J-1,2) +{RIJ, 23 ~R{I-1, 20 ) « LPIME~RAT -1, 15/
[+ (BEAJ. Lt-B1LT-1,1;}
G TR 340
+ 330 CONTINUE
RRATE~R (NERI. 2]
Jae QUmRRATEXSIDEXSERE,/ {12, % 3600 .}
0O 358 J=1.HNoD
ER LS AL=FPLI.3L+QrFphid, o)
56 CONTINUE
aze IFINFLUK. Q. 0)GUTO 162
IF{TIHE.LT.TTFOUT I GOTE 166
TTFQUT=TTFOUT+TECUT
WRITE MW, 2085]
WRITE{WW. 2023) TIME
IF(RRATE.HE. Q. !WRITE [NW. 2024 REATE
TaR=1
WRITE [NW. 2035t
; CONTINUE
.+ FLOODPLATN AWALYSIS
DU 178 I=].HNOD
DG o334 TIS1.4
Qe=0.
NQ=FP{I II’
TFIAR.ED. 3VGUTD 3ib
.- -EETIHATE FLOW RATE BETWEEN AOJACENT FLOCOPLAIN ELEMENTS
CALL QFP{I.NQ,3IDE.QQ,fD,VV. TOL.KMODEL. 1L, DSECH
IF{tO.EQ,LIGOTD 555
385 QIIT)mQD
k11 CONTINVE

e ADJUST FLOWRATES FOR DIRECTTONS
i3y =-0i3t
iy 4i
Lo ESTIMATE ACCUMVLATION OF INFLOW KATES

PR=Q{I1+I4I -2 (1) -4 3y
IF (NFLUX.EQ.Q)G0TO 484
IF(IJE.NE.1I1G0TC 408
Fi31=-0213]
Sidb=—q14]
B9 a1g J=1,HFLUX
IF{T.BQ. NODFX {J) bWRITE LKW, 20263 1, 003002 . gLd) .l
4l CONTINUE
4108 FP{I,8|mO@+FBLT,B)
178 CONTINUE
C... . -ACCCGUNT FOR CRITICAL-DEPTH OUTFLOW NODES
IF (NDC.LT.1l!G0T0 429
0O 43§ J=1.¥8C
JI=HoBbo g
QQ=5.67*{FPLJJ . Tr=r1 5, 5IDE
IF(FPIJT, Tt . LE. TQLIQG=0 .
FBLIT, 31 =FFP(IF. 3 +-00
e CONTINUE

C.....VPDATE CHANGE OF WATER DEPTHS
429 FEMAY=-09,

Do 449 J=1.HNOD
Covnr-- ADJUST DEFTH FOR EFFECTIVE akEn

AP=SIDESSILEFFPA (T, 9)
IFIAP.GT. 4. IFFIJ, 81aFP(J,8) *DEEC/AR
IF{AP . LE.¢.)FPIS . B)1=0,
4....--CHECK ALLGWABLE DEFTH CHANGES FORF EacH TIMESTEP

TEMPoABS (FF(J,8¢]
IF{TEHP.LT .OTOL; GOTO 4449
IF(FP{J. 71 NE. &, ) TOLF~TEME/FFII.7)
TELERATL, T4 EQ.G. VTOLE=L .
IF(TQLP.GE. DTOLE ) THEN

FEMAR=993.

IF{DSEC Q. DTHIN | THEN

WRITE(IW, ZRET}J.TEMP, TIME, DSEC
WRITE (ww, 292717, TEMP, TIME,LSED
IFECOE=L

SOTO 555

ZLAR

GOTG 4548

ENDYF

ENDIF
140 CONTINUE
2. ... UPDATE NEW TIMESYEF S1ZE
450 Hhaf FMAT
455 IF{OD.GT. 0. ) ISECP=D5EC -0TD
IFYDD.LE. . ) DPRRCE=DSEC+DTI
IF{DEECF. LT. ITMINI DSECE=DTHLIN
IF{OZECF.aT. PTMAR ) DSECF=0THAX
DET=DSECE/ 3584,
DEEC1=05EC
IF[DD.LE.$. ] GOTD 490
TIME=TIME-DT+ITT
S1e 0O 529 J=1 NNOD
FP{J 8)=0.
Sae CONTINUE
OT=D0TT
DSEC=DSECE
40 TO 26D
...-YPDATE DEPTHS OF WATER
498 LONTINUE
Do 53¢ J=1,NNLD
XEmFRIT TI+FP{J, B}
IF(XP_LT.¢.]THEN
D94 _
IF{DSEC.WE.DTMINIGO 10 455
IF{DEEC.EQ.DTMIR) GO Ta 535
ENDIF
EET ] CONTINUE
535 DO 548 J=1,HHOD
FE{J, 7i=FF{I.T)+FPI{J. 5}
IF{FP{J,7}.LT.0.! THEN
IERRm1
JEFaT

o



3@

59
1.1

4T3
471

ENDIF

FR{J.3}=8.

CONTINUE

IF{JERR.GT. ) GG 10 555

IF(DSEC.GT. THAX ) THAX=D SEC

TFIPSEC.LT. THIN) THIN=DSEC
.CHECE COTFUT REQUEST

IF{TIME.LT.TTOUT} GOTO 5606

éf-'l-'!SB FFiI.B) Tp STORE WAYER SURFACE ELEVATIONS

Do 5T J=1, HNGD
FREJ.B)aFP{T. 7] +FP{J, 6!
CONTINUE

SUFDATE HAKIMUM WATER SURFACE ELEVATIONS
L 598 J=1 gHOD
TEMP=FBELT.7)
TRET=OMAK {5y
IF{TEMP.LT.TESTIGOTO 594
LR 1) = P
TIMEE (71=TIMR
CONTINUE

THEAN=THEAR+ S R0
EXQUT=EEOUT+1
aT=0TT
2LBECDRESE

[FITERR.GT.0 .wk. [D.EQ.l .0k, IEODE.EQ.L:e0 TO 190

IF{TTHE.LT.TTOUTIGATH 56
CARETE TLOGDPLATH BESULTS TS oWTRUT FILE
WRYITE{MW. 2085
WEITE (N®. 2045)
PTEHE=TIMES 350840 .
HETTE(IW. 2049 TIME
WRLTE WA . 503371 TINE . ATTHE . XTER R
IF(RRATE.NE 4 WETTE (el 2024 ) RERTE
-ZALCULATE EFFLUX VELOCITIES
IF (KODE.NE, 11GOTD d&@
Lo 478 J=1,NHol
IF(NDC.LT.116G To 471
Koep
Do 473 J=L.NpC
IF(J.HE.NODDE(T1 )60 10 473
TCal
go To 471
CONTINUE
oo 479 TI=1.4
2Q=0,
Ng=FP 7. I1)
IFING.EQ-Q .AND. KC.EG.FIGUTO o79
IEING.ER. ¥ AND. KC.EQ.1/GOTO 475

CALL OFF{J.NG.§IHE, QQ, IP. V¥, TOL, KHODEL. L1. DSEC)

VELIJ, II] =¥y
G0 To 4TE

C....-CALCULATE CEITICRL OUTFLOW VELOCITIES

475
478
L1

94
BT
...... SUTPUT GUTFLOW RATES AT CRIVICAL-LRFTM NUDES

o

TR
7R

3@

13y
732

VELLT, IR =5 _§T+FR{I.T)a>.0
CONTINIE

WRITE (KW, 2p29]
IFINFRFI.LT.1}G0TD G2

Do 639 Jal NFFI

g B4R 1= NPFFL
IF(TIME.GT. HF{T, I 1))140T0 &40

Short Communication

o

Tnan

GIN=HP[J, I-1,20+(HP(J, 1.2)~HP(d,1-%.2:)" (TINE-HP 0. 2-1.170/

C iRBLILTLV-RPODLI-EL DY)

7o To 659

CONTINUE

SERWER LT CAFETL.

WRITE (N¥.20830) KINF(J: QIN

CORTINUE

Howl

Ig=1

Ap=14

04 A& TI=tn,da

IFLFF{IL, 7). GT. 0. 1600 678

CONTINVE

G0 To &40

WRITE (MW, 2031} 47, F=10,Joy

SRITE{NW. 28331 (FP(J. 7 J=10,Jdb

WRITE (MW, 28331 {FRLT . B I=10 IO
IF|FODE.EQ. 1) WRITE(NW, 0834) (¥EL(a. L), J=T0, JO)
IF(XONE.EQ, 1) WRITE (HW, 282356} {¥EL ], 2], J=10, JO}
IF{FODE-EQ. LI WRTTELNY, 2836 (WELLL A0 2=Ta fat
IFINCHE.EG. 1 WRETE (NR, 20571 I¥EL (J, 4} JaT0,J00
FO=K0+1

I0=I0+18

JO0=1@2R

IF(JG_LE.RNCDIGATD 665

TE L IU-RA0T . OE . Le | BUTD Kyl

JO=NNOD

0 TO esb

o Teg J=Ll.NNOO

FE{J. 8 =d.

IF(NpC.LT.1IGOTH 718
WRITE (W . J034)

oo T2 J=1.KDC

JI=Noppg 12

QOUTaL . g7 (FRIIF,7I*%1 5t +SIDE
IFHER{1I. T}, LE.TCLl QOUT+8 .,
WRITE(NW. 2039) J.J, QoUT
LONTTHVE

WRITE{NW. SDB5}

Lo LERD R LR WOOR

IF{ID.E}-1 .0F. [ERRE.GT.® .OR. KODE. BQ. 1) 5oTo Spd

1B {TIME.GE.TI .AMD. TIWE.LE.TDYGD TO 733
THMEAN=THEAN/REAL | FEOUT)

WRITE {HW - 20427 THIN, THAS , THERN

S0 D 133

IF{TIME.LT.TTOUT GO TG 150
TTOUTATTEUT+TOUT

TFCPINE BT BT GUTE 24

WRITE{NW, 1043}

LOUTPUT THE MANIMUW WATER SURFACE ELEVATIONS
WRITE (W, LBJLICHAR LTS
WRITE(NW, 2044}

Eg=1

Ig=1

1o=18

K=

o 485 II=I9.Jo
TF(DMAR [T} . GT. 0. 1 f=1
FE{IT. g1=DMAR(II]+FPITI, 6]
CONTINUE

IFIR.EQ.1) 60 TO 585

a0 To 9RE
WREITEANW, 20320 11,0=10,J0)
WRITE (MW, 2832] {DMAX (], JaTo, J07

"

98

WRITE (MW, D3 1FR(T, 8, JaI0, 00
WRITE (MW, 2445 (TIMER LS I=T0, 300
Fo=Fo+l

Tow1o+1e

JOm] @A RC

=1

IF{Jo_LE.HNOD) GOTS 90
IF(Jo~NNOD.GE. 19160 308
JO=NNoD

5o To EIB

HRITE[NW. 2047)

_.END CF ANALYSIS

kLol

IF{ID.EQ.1L)WRITE(IW, Jed'r:
IF{ID. #Q. 1 WRITE(NW, z047)
IF i LERR.EG.LINARITE(NW, 20511 JF8
IF{IERE.EQ. ;I WRITE(INR . J053HIFP

IFIIFOPE.EQ.1 .OR. IERR.WE. DIWRITE:Iv Z04g107MIn
IfIIkopE_EQ.1 .0R. IERR._NE.O!WRITE(NW, 1343} 0TMIN

ST
ENIt

SUERCUYINE GFP(I.NQ, $IDE, QQ.ID. ¥EL, TOL. KMOUEL, JT . GELTI

THIZ SUBRCUTIME CALCYLATEE THE FLOW RATE
BETWEEN ADJACENT FLOODPLAIN ELEMENTS

COMMON/BLE 1/FP(500.39; . FRA (500, 9t

COMMON/BLE 2/HRAT . HERAT, NRATI |28, 21 RoURV 20,5 41

VEL=(,

It=d

L

TF(FPA{T. %) _EQ.p. -OR. FPRINQ, St EG.0. !GO TO Z0R

IFIFP{I.7).LE.TCL -AND. FP{HG.7) . LE.TOL)GOTD 204
SRETT LW URWHTITR

HEAR= 5+ {FP{I.71+FFi0Q, 7))
ANBAR=FFR{I JD+4t
IFCHBRAR.LT. . .Ok- HBAR.GT.L50. 10wl

CHECK FLOCOPLATN RATING CUOVREES

IFINRAT .EQ. QGO T 133
ot 18q Eal, MEAT

IF{T. EG-NRATNGE, L] L AND. HQ,EQ.HRATH{E.3p)Gi To 105
TFII.EQ-NRATN(E 2! .AND. NQ L. EQ.NEATN{R,.1) 150 T2 1@§

CONTINUE
g To 13&

Do 195 R 1, WRAT
IF(I.EQ.NRATNIK, 1) 160 TO 219
IFIT.EQ.NRATH(E, 3] )60 TD 230
CONTINGE

BISCHARCE IWTD DOWNETREAM NODE

09 398 J=1 NPRAT

IFIFPLT.7) GT.RCURTIR, J, 111060 To Job
OU=RCURVIE, J,2) 44 FP (T 7] *=RBOURY (K, T, 30
IF(FP{I. 7). LE-TOL)O0=0,

TEIGR. NE. 8. | VELagAf AETDEFPYRII. ID *FFIL, T

Go T 208

COHNTINUE

QO=RCURV (K, NPRAT 2 * (FP(I T} **RCURY ‘K NFPRAT. 3/
IFIQQ.NE. D, } VEL=QO}l, (SINE#FPALL. JOI~FP(I. 7}

o To 2d4

INFLGW FROM UPSTREAM CONTROL NODE

o 319 J=1L.NERaT

IF{FP(NG.7) - ST.RCYRV(E,J, 11160 To 11&

pEa-1. *RCURVIE, J, 2V Y {FPING, T) **RCcURYIR. 2, 3))
TFIFR AR, Th LB TORY Ql=tr

IF LG HE. 3 Y WELaUF 1STNEAFPALT, I =FRINQ, 71 )
o To 2084

COMNTINGE

Po=-1, #RCURV (K, NPRAT, 2) * (FPINQ, 7) "*RCURV{E, NFRAT. 511

IF(QO.NE. B, | VEL=9Q/ {SIDE*FPAIL, JOI *FF INQ, 71!
@0 TO 20@

. ...-REGULAR FLOGODPLAIN AMALYSIZ

H=FEF{T, TI+FEI{I,E)
IF LEMAREL . BY . LI Ba¥PAiL )

IEPTHS ARE HONZERO

HE=FP(NQ.T:+FPiNg &1
IFARMOREY . ED. LyAR=FRIND &y
GRAD=(eN-H] s SIDE

.. EFFECYIVE FLOW-PATH FACTORZ

135

A

LXAFRRI I I0E
IFIXN.EQ. @. 160 To 204

17 iGRAD] 150,500, 17@
IFIFP(I, 7). LE. TOLI (OT0 209
TBAR=FP{L.7]

A=¥BAR+EIE
YOLA=R#STDESFERLIT, 9}

coTo 159

W H
EFIFRING, 71 .LE, ToL) GOTY 208

YBAR=FE (NQ, T}
L=YBAR*ESIDE
VOLA=ARSIDELFFR (NG, P}
CONEINUE

AGRAD=ABS (GRAD)

IF |AGRAD.GT. . 08901 GOT0 145

HITO 2T

HE=11, 486/ HNBAR] « [HBAR® « 65 7]/ SQRT {AGRAD]
VELs- ¥R FGRAD

QOAVELASTDE*XX*HEAR

CHECE AVAILABLE VOLUHE GOF WATER

WAL Y DELT

SIGN=1,

TFiTOLX-LT-P. ) THER
VOLX=aBE { WAL
EIGNm~] .,

ENDLIP

TF(VOLX . GT. VOLA; THEN
S=5 TGN YOLA/ TELT
TEL=OG) (WRRR A SITEATAY
EMDIF

ToRT LT
RETURN
END

299
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Short Communication

APPENDIX B — USER’S INSTRUCTIONS ON

INPUT FILE

The DHM topographic model calls for the following

data entries:

where

DTMIN

DTMAX

DT1

DTD

SIMUL

TOUT

MODE

Variables

DTMIN, DTMAX, DTI, DTD,
SIMUL, TOUT, KODE, KMODEL

NNOD, SIDE, TOL, DTOL,
DTOLP, XAREA, XGN

FP(,1), =17
IF(FP(L,5).EQ.2)FPA(LY), J =1,9

1=1, NNOD

NERIT

(R(LY), J = 1,2), 1=1,NERI
NFPI, NPFPI

(KINP(I), HP(1,},1), HP(1,J,2), 1 =1,
NPFPI), I=1, NFPI

NRAT, NPRAT

(NRATN(I, 1), NRATN(L2),
(RCURV(L1,1),  RCURV(LJ2),
RCURV(L]3), I=1, NPRAT)
1=1, NRAT

NDC

NODDC(I), 1=1, NDC
NFLUX, NFOUT
NODFX(1), I=1, NFLUX

is the minimum allowable timestep in
second, (R)

is the maximum allowable timestep
in secnd, (R}

is the increment of timestep in
second, (R)

is the decrement of timestep in
second, {R)

is the total simulation time in hour,
(R)

is the output period in hour, (R)

0, suppress the efflux
velocities

(I
1, output the efflux

velocities

KMODEL

NNGD

SIDE

TOL

DTOL

DTOLP

XAREA
XGN

FP(1,1)

FP(1,2)

FP(L.3)

FP(1.4)

FP(L5)

FP(1,5)

FP(1.6)

FP(1,7)

FPA(L 1)

FPA(L2)

FPA(L3)

FPA(L4)

I', kinematic ronting
technique

()

otherwise , diffusion
hydrodynamic model

is the total number of nodal points
for flood plain, (I)

is the length of the uniform grid size
in feet, (R)

is the specified surface detention in
feet, (R)

is the maximum change of water
depth in feet for each timestep, (R)

is defined as

change of water depth

DTOLP = =
pervious water depth

x 100% (R)
1s the global effective area factor, (R)

is the global Manning’s factor, (R)

is the northern nodal point of node 1,
(R)

is the eastern nodal point of node I,
(R)

1s the southern nodal point of node 1,
(R)

is the western nodel point of node 1,
(R)

is the flag for global/local element,
(R)
{ 1. — global element used

2. — local element used

is the averaged ground surface eleva-
tion for node I in feet, (R)

1s the initial water depth for node 1 in
feet, (R)

is the northern effective flow-path,
factory of node 1, (R)

is the eastern effective flow-path,
factor of node I, (R)

is the southern effective flow-path,
factory of node I, (R)

i1s the western effective flow-path,
factor of node I, (R)



FPA(I,5)

FPA(1.6)

FPA(L7)

FPA(LR)

FPA(I9)
NERI

R(1,1)

R({1,2)

NFPIi

NPFPI

KINP(I)

HP(LJ,1)

HP(LLY

NRAT
NPRAT
NRATN(,1}

Short Communicafion

is the northern Mannisg’s facior of
node L, (R}

is the eastern Manning’s factor of
node 1, (R}

is the southern Manning's facior of
node {, {R)

is the western Manning's factor of
node [, (R}

15 the effective area factor of node 1.

is the number of data pairs for
uniform effective rainfall rate, (I)

is the time (hour) corresponding to
the effective rainfall rate, (R)

is the effective rainfall intensity {in/
hr) ordinate for eflective rainfall rate,
(R}

is the number of input nodal points
for the flood plain, (I}

is the number of pair of inflow
hydrograph rate entries, {I)

is the array that stores the inflow
boundary condition nodal points (1)

is the time (hour) corresponding to
the inflow hydrograph, (R)
is the inflow rate {cfs) ordinate for
the inflow hydrograph, (R)
is the number of the rating curves, (I)
is the pair of rating curve entries, {I)

is the upstream wnode number of
rating curve I, (1)

RATN(L2)
RCURV(,J,1)

RCURV(LJ,2)

RCURV(L,),3)

NDC
NODDC(H)

NFLUX

TFOUT

NODFX(1)

Notes:

3

is the downstream node number of
rating curve [, (1)

is the array which stores the depths
of rating curve I, (R)

is the array which stores the multi-
pliers of rating curve I, (R)

iIs the array which stores the
exponent factors of rating curve [,

(R)

is the number of critical-depth
outflow nodal points, (I)

15 the array which stores the critical-
depth outflow nodal points, (1)

is the number of nodal points where
outflow hydrograph are being
printed, (I)

is the output interval (hour) for
cutflow hydrograph, (R)

is the array which stores the nodal
points where outflow hydrographs
are being printed, (I}

I. Ifany value of NER], NFPL, NDC, NRAT, NFLUX
and NODC is equal to zero, then the values for the
corresponding array need not be entered in the input

file,

For an example, if NERT = 0 then R(1,J) needs not
be included in the input file.

2. If FP(1,5) equals to twa, then the local element infor-
mation (FPA(LT} = 1,9) need be eniered in the next
line immediately after FP{L)), J = 1,7.

3. (R) denotes real number and (I) denotes integer

nymber.



