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GEOMETRIC ELEr-1ENTS FROh? CROSS SECTION COORDIFIATES 

INTRODUCTION 

1,  ORIGIY OF PROGRAV 

This program was developed a t  the Hydrologic Engineerin4 Center 

by W i  11 iam A. Tbomas. 

2. PURPOSE OF PROGRAFI 

The purpose of this program i s  t o  prepare tables of hydraulic 

elements f o r  use by the computer program "Gradually Varied Unsteady 

Flow Profiles." I t  reads data coded in  the standard format f o r  "Water 

Surface Profi les ,  HEC-2" and produces tables of hydraulic elements for  

nodal points spaced a constant distance aoart. The fol lowinq hydraulic 

elements a re  calculated fo r  each water surface elevation specified i n  

the table:  Cross sectional area, hydraulic radius t o  the 2/3 Dower, 

top width, average n-value, and velocity dis t r ibut ion factor.  In addition 

to  ~ r i n t i n g  the hydraulic elements as each cross section i s  processed, 

the tables  of hydraulic elements i n t e r ~ o l a t e d  f o r  each node are  printed 

and the user may e l e c t  t o  have these tables also punched on cards. 

D?r)G!?AV IESSIPI 

1. CP.p4qILITY OF COMPUTER PROGMW 

In $,later surface nrof i le  calct~lat ions i t  i s  imqortant to  model 

conveyance. T h i s  somstimss resu l t s  i n  cross sections ~erclich end a t  a 

flow boundary rather  tllan ax te ld fnq  a11 the way t o  t+e  biqh around, 



as i l lustrated in figure No. 1 .  In unsteady flow profile 

calculations i t  i s  necessary to also model the convevance. However, 

there i s  the additional requirement t h a t  storaae i n  the reach must be 

modeled also. ?+is dual requirement i s  fu l f i l led  by assigning limits of 

flow t o  any cross section which m i q h t  not convey flow over i t s  ent i re  

- cross sectional area. The entire area i s  avai l a b l e f o r  storaqe , however. 

The elevations i n  the hydraulic elements table are s ~ e c i f i e d  a t  

the downstream end of the study area. These may be projected section 

by section to the upstream end on a horizontal l ine,  o r  a sloping line 

may be used. Oftentimes the number of elevations required to  specify 

the geometric model can be reduced i f  a sloping computation g r i d  i s  

utilized. The slope may be changed a t  any cross section i n  the study 

area or may be based on the stream's channel bed slope. 

Vormal ly,  the interpolation t o  establ ish computation nodes i s  

done based on the main channel length. However, i f  another length would 

be more appropriate, these values may be specified for each cross section. 

This does not change the reach lengths used i n  computation of volume or 

accumulated surface area. Rather, the so-called "weighted" 1 engths are 

desianed t o  be more along the center of the flow and are only used i n  

locating nodes. 

Ineffective area may be specified just as i t  i s  i n  the data for water 

surface profile calculations. This area i s  considered to  be ineffective 

both for  conveyinq and storing water until the water surface rises to  a 

certain minimum elevation. Above this  elevation the area i s  no longer 

considered to be ineffective. I t  i s  utilized both i n  conveyance and 

storage calculations. 

2 



areas marked S 

c-- 

Limits of Flood Plain 

Fig. 1 Plan View of River and Flood Plain 



The unsteady flow routing model permits n t o  vary w i t b  elevation b u t  

only one value may be specified fo r  the en t i r e  cross section a t  each 

elevation, However, i n  most steady flow calculations f a r  water surface 

profi les ,  different  n-values may be used in tbe overbanks and main 

channel. This program accepts n-values specified in the normal way 

and calculates a composite n fo r  each elevation based on conveyance. 

The interpolated values for  top width a re  calculated from accumulated 

volume i n  the study reach rather than the cross section w i d t h  a t  the 

water surface. This insures t h a t  the correct volume i s  preserved in the 

geometric model. 

2. PROGRAM ORGAMIZATIr)'! 

The functiorlal and ornanizational flow chart i s  sho3.in i n  f isure  2. 

4 t ~ o  pass com~utation procedure is  used. 9urinq the f i r s t  pass, i n ~ u t  

data i s  read section bv section, and hydraulic element tables of area, 

hydraul i c  radius t o  the 2/3 Dower, water surface w i d t h ,  com~osi t e  n-val ue , 

the veloci tv dis tr ibut ion factor ,  surface area, and volume are calculated, 

stored and printed out fo r  each cross section. The position of each 

cross section i s  located i n  terms of distance t o  the downstream hnundary 

usinq e i the r  the channel lenqth or weiqbted lenqth - i f  those values are 

snecified. nf te r  the f inal  cross section has been processed, the second 

pass i s  made t+rougb the hydraulic element tables a t  which t ine  the 

position of eacb nodal noint i s  located and the interpolated values 

f o r  the 9ydraulic element tables are  calculated. All of the second qass 

calculations a re  ~ e r f o r w d  in subroutine IYTPL. 
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THFTETIC4L B,4S IS 

1.  COtfpUTATI9V I F  CEVlET?IC ELE?'E?lTS 

Each cross sec t i on  i s  def ined bv coord ina te  ~ o i n t s ,  and fo r  

convenience o f  ass iqnina n-values, reach lenqths,  etc. ,  eat$ cross 

sec t i on  i s  d i v ided  i ~ t o  subsections. 

I 
\ 0 * 

X = Distance in feet 

a. Typical cross section 

I 
0 C 

XoDiatance In trot 

h. Subdiwtsions o f  typical cross section 

Fig, 3, Typical Cross Section 



The cross sect ion i s  subdivided i n t o  l e f t  overbank, main channel, 

and r i g h t  overbank, and hydraul ic  elements are computed f o r  each o f  these 

subsections, as shown below. 

a. Suhsection area. The subsection area i s  comnuted S y  summina 

increnental  areas betwen consecutive coordinates o f  tbe cross section. 

Fiq. 4 i l l u s t r a t e s  the technique by usinq the 'lain Channel subsection 

( 3 )  of the previous f iqure as an examnle. 
- 

Fig. 4. Incremental Areas i n  Subsection 

The equation f o r  an incremental area i s :  

? l o r m a l l . y , ~ h e r e 4 ~ ,  R1 andW a r e d e f i n e d a s  shown i n f i g .  5 ,an  
a vg 

incremental area i s  defined by two consecutive cross sect ion coordinates. 

However, a t  the f i r s t  and l a s t  increments i n  each subsection, a subsection 

s ta t i on  defines one s ide o f  the  incremental area. I f  the subsection 

s t a t i o n  does not  coincide w i t h  an X coordinate, as below, s t r a i g h t  l i n e  

i n t e rpo la t i on  i s  used t o  compute the length  o f  e i t h e r  Al , B1, o r  both. 



Fig. 5. An Incremental Area 

b. Wetted ~ e r i m e t e r .  The wetted perimeter i s  computed as the 

length  of cross sect ion below the water surface. I n  the case of Fig. . 
4 t h i s  i s :  

Pj = PI + P* + P3 + P4 

The equation f o r  wetted perimeter o f  each incremental area i s :  

whereD andW a r e d e f i n e d  i n f i g .  5. Mote t ha t  o n l y t h e l i n e  
e l y  av!3 

between coordinate po in ts  and ne i the r  Al nor B, i s  considered i n  p. 

No energy i s  t ransferred between adjacent subsections. 

c. Hydraul ic  radius. The hydrau l ic  radius i s  ca lcu la ted for  each 

subsection: 



2. C W f  EY 4 Y  CE 

The conveyance i s  comnuted fo r  each subsection by: 

The to ta l  conveyance i n  the cross section i s  

WSS K 
K t = t j = l  j 

where VSS is to ta l  number o f  subsections. 

7. ALPH9, THE VELOCITY DISTP.IRI1TIO~l FACTW 

Alpha i s  a factor  to  account fo r  the dis t r ibut ion of flow across 

the flood   lain and not the vertical  shape of the velocity profi le .  

Large values k 2 )  of Alpha may occur if  the depth of flow on the 

overbanks i s  shallo!lr, the conveyance small, and the area large. 

.4lpha i s  computed as follot\rs: 

where At i s  the sum of the subsection areas and Kt i s  sum of conveyances. 

E .  CO??POS ITE ?!-VALUE 

The cornnosite n-value i s  calculated as follows: 

n = 1.49 X SUMA X COMR''~ 
SUNK 

SUM = Total area of cross section (conveying flow) 

COMR = Composite hydraul i c  radius = SVPt4/SlJMP 

SU1IK = Total conveyance of cross ssction (conve.ying flow) 

S!IYP = Total netted ~ e r i m e t e r  of cross section {conveying flow) 



5. VOLIJME 4'19 TOP I.rI'1TH 

Volume beneath the specified elevation i s  calculated by averaging 

each subsection end area and mu1 tiplying hv the subsection reacb length. 

These resul ts  are accumulated fo r  each reach and with distance from tlle 

downstream end of tbe study area. 

TOP IiI9TH (not SIIMIfi!) i s  calculated fo r  each nodal point usinq the 

interpolated val ues of accumul ated vol ume. 

where 

= Volume of water that  could be stored between nodal ""x points located a distance of 2 x DX apart  

l o  = Volume corresponding t o  the elevation 1DH below tha t  
elevation fo r  VZDx 

Bw = TOP WIDTH a t  elevation DH/2 below that  elevation fo r  
' ~ D X  

DH = Vertical distance between values i n  the elevation table  

DX = Horizontal distance between nodal points 

PROGRAH USAGE 

1 . COMPUTER EQUIPMENT REQUIREMENTS 

This program requi res 46000 decimal words of central processor memory 

on a CDC 7600. Punch f i l e  output, when requested, i s  written on Tape 7. 

A tape 95 i s  always generated for  plotting resul ts .  

2.  INPUT PREPARATION 

The bulk of input data i s  required fo r  pass I .  Only the DX value 

(or  the number of nodes) i s  ut i l ized in subroutine INTPL. 



a. Yodeling the study reach. V i t h  the study reach located on a 

topographic map, mark the l e f t  (upstream) and r i g h t  (downstream) boundaries 

and the la te ra l  l imits  fo r  the geometric model. Yark the location of 

eat+ cross section i n  the study reacb. Subdivide the flood plain into 

channel and overbank s t r i  ps. Determine the reach length fo r  each strip. 

T h i s  will  be the distance between cross sections unless a s t r i p  ends 

before reaching the next cross section. Assign n-values t o  each s t r ip .  

I t  is important t o  correctly model both volume and conveyance. 

Therefore, delineate portions of a cross section conveying flow from 

tha t  portion which just s tores  water. Special cross section controls 

are  provided f o r  this purpose (see subparagra~h 2b (3 )  below). A sketch 

of the  flow 1 ines i s  usually suf f ic ien t  t o  adequately separate conveyance 

of water from storage of water i n  the geometric model. 

b. Coding input data. Code the data by s ta r t ing  a t  the dovnstream 

boundary and proceeding to  the upstream boundary. A sample 1 i s t ing of 

the data cards f o r  the problem presented i n  f i g .  6 i s  shown on page 1 ,  

exhibit  1. A detailed description of i n p u t  variables is given i n  exhibit  

3 and a sumnary of required cards is  shown i n  exhibit  4. 

(1) Cross section coordinates. The s ta t ion  points which define the 

cross section geometry must be posit ive values i n  units of f e e t  (actually,  

any consistent s e t  of units may be used w i t h  t h i s  program i f  n-values are  

appropriately chosen) and must be entered i n  increasing order of magnitude. 

These are  coded on GR-cards. 



( 2 )  Subsection stations. The l e f t  and r i g h t  sides of the main 

channel subdivide the cross section i n t o  subsections, These do not 

have to  coincide wi t b  a coordinate point, but they can. 

(3) Conveyance limits. Cornoutations for convevance Carl he 

restricted to any   or ti on of a cross section by s~ecifvinq limits with 

eitber STS, ENST or b o t h  on tlle CL-card. Hone of these controls have 

t o  coincide w i t h  a subsection station, b u t  they can. l!olume computations 

are not restricted by these controls. The entire cross section i s  

utilized to compute volume. 

(4)  Reach lengths. The reach length should be measured i n  feet 

and entered on the XI card for the upstream end of each reach, A value 

i s  required for each s t r i p  i n  the reach. T h i s  length does not  have to  

extend from one cross section to  the next. 

(5) n-values. Yanning's n-values can either be a constant i n  each 

s t r i p  or they can vary vertically rzri t h  either elevation or discharge i n  

the main channel. They should be defined a t  the f i r s t  cross section and 

be redefined only as necessary to  change their value. 

( 5 )  Elevation table. This program will accept up to 30 different 

elevation values spaced a t  random. However, the "Gradually Varied Unsteady 

Flow Profiles" program will accept only 21 values of elevation and these 

may not  be spaced a t  random intervals. Only three different intervals 

may be specified and these intervals must be integer numbers. The 

elevations may be real numbers b u t  the interval between elevations 

must be integers . 



I t  i s  recomnended tha t  larger increments be used a t  the top and bottom 

of the elevation table so that  solutions generated by the unsteady flow 

program will  always remain within the table.  

(7)  Section no. A cross section identification number i s  always 

assigned on the XI-card. River mile is recomnended. However, t h i s  value 

i s  used fo r  identification only -- not for  distance between cross sections. 

Likewise, node numbers, which are  interpolated from Section Numbers, a re  

fo r  ident i f icat ion only. 

c ,  Com~utation q r i d .  I t  is often desirable t o  project the values 

i n  the elevation table  on a slope rather than horizontally. This is 

permitted by input variable ASEL (JP-card). I t  i s  also necessary t o  

establ ish the distance between interpolated nodes. The routing program 

requires an odd number of nodes equal t o  or greater than 5. This can 

be produced by specifying MODE (JP-4) o r  DX (JP-3). The cornoutation 

grid is different  from the computation net i n  the unsteady flow program. 

This grid is i n  the (X ,Y)  plane whereas the computation net is  i n  the 

( X y T )  plane. 

DF!r)GRA?4 r)l!TPIlT 

1. P9IMTED OUTPUT 

Printed output is shown i n  exhibit  1. As each cross section i s  

processed, 4verage Section Yumbar, ?each Lenqth (channel s t r i p ) ,  

Elevation, Area, ?2/3,  to^ w i d t h  of conveyance nortion of section, 

weiohted n-value, Coriolis coefficient (aloha) for  velocity d is t r ihut ion ,  

accumulated surface area and accumulated volume beneath tbe water surface 

are printed. 



After the f inal  cross section has been orocessed, the aeometric 

mode1 beinq developed for  tbe unsteady flov nrogram i s  printed. fin all,^, 

a table of elevation versus volume i s  printed. These values are for 

comparison w i t h  the volumes printed a t  Section ?lo. 3 of Daae 2 ,  ex3ibi t 

1 ,  as a c+eck on the ab i l i ty  of the interpolated geometric data tables to  

reproduce the actual volume of the stud,y reach. 

2. PUYCHED CARD OUTPUT 

The geometric elements 11~ill be punched on cards i f  tha t  option i s  

exercised (Card JP-lq). The default option suppresses the punch. I t  

i s  always advisable to  review the ~ r i n t e d  resul ts  before punchina tbe data. 

EXAYPLE PWBLEhf 

The following figure shows boundary geometry for  a prismatic channel 

on a slope o f  .0002. 

(a) BOTTOM PROFILE (MILES 1 
LEFT RIGHT 

WERBANK CHANNEL WERBANK 

1000 1500 2000  2 5 0 0  

C~ISTANCE IN FEET 

Figure 6 Annotated Boundary Geometry 



The l e f t  overbank extends from cross section s ta t ion  1990 t o  1509. 

The channel extends from s ta t ion  150Q t o  2000, and the r ight  overhank 

from 2000 t o  2500. The n-values and reach lengths a re  shown on the 

figure. T h i s  example assumes tha t  only the channel portion of the section 

conveys flow. The locations for  STST and ENST are shown. These do not 

have t o  coincide w i t h  STA values. 

The elevations specified f o r  geometric data extend above elevation 

535, the highest elevation of the cross section. T4e program assumes a 

vertical  boundary a t  each end of the cross section, and i t  disreqards 

any influence on wetted perimeter. ?olume is i m ~ o r t a n t  i n  the unsteady 

flow program; and it may he i n  e r ro r  i f  the cross section coordinates 

do not extend above the elevation table  range. 

A l i s t i n g  of the input data i s  shown i n  e x h i b i t  1. Only two cross 

sections a re  required, since the channel i s  prismatic, and the interpo- 

la t ion subroutine provides tables  fo r  seven nodal points equally spaced 

a t  2640 fee t  apart. 

3. TAPE 95 OUTPUT 

The GEDA program produced a tape or f i l e  which contains 65 d i f fe rent  

output variables. The 65 variables are  temporarily stored in an array 

called QVAR and written out to  tape 95 as each section i s  processed. 

Tape 95 can then be used by H E C ' s  Hydraulics Program to plot  the variables 

interact ively on a Tektronix 4014 computer display terminal or  batch on 

a Calcomp drum p lo t te r .  A l i s t  and description of the 65 variables on 

tape 95 are  given i n  Appendix I and I I .  



INSERT 

1. The ccPnputer program tlGem=tric Elements from Csoss Section 
(GEDA) has been modified to wte interactively; that is, the 

user mexely enters the name of the execaxtable program f i l e  and respords to 
pmnpts frm .the program for various f i l e  names. (;EDA also can now produoe 
d a t a f i l e s f o r d i r e c t i r q ? u t t o t h e ~ ~ ~ ~ ~ c c p n l x z t e r p r o g r a m .  Thedatathat  
GEWJ develop are input records 20-25 (distances, elevations, and top widths), 
and 28-30 (Manning's n-values). Ihe former are written to default f i l e  nam 
R2025 and the lat ter  to R2830. The rest of the DAMBRK input data set w i l l  
h z v e t o h p r P p a r e d b y ~ ~ a r d ~ e d w i ~ ~ G E C Y i - p ~ e d d a ~ - ~ i n g  
either an editor or system mma&s. 

2. I)AMBRK has two options for muting; the tlstandardll m i o n  and the 
special "flood plaintt option. The cross section data are different for these 
twooptions. G E I A w i l l ~ d a t a f o r e i t h e r o p t i o n a t t h e ~ ~ e S t .  
For the standard option, UWRK kpwidth and n-value vs. elevation functions 
are cmptd  using W same axpasiting as is used for prepamtion of 
inpt to mPEEt (please refer to llDocmmtation for the -PER 
m a c e t t ,  dated 17 April  85) . For the flood plain @on, the HEC-2 cross 
sectionisuseddirectly; thatis, theleftwerbankn-valueandtapwidthare 
transferred into the IXMBKK data for the left flood plain, and likaJise for 
the other bio subdivisions. Note ,  since I)AMBRK uses n-values on a reach basis 
rather than on a section basis, the subdivision n-values are avezaged for -two 
successive set ions  to cbtain a reach value. 

3. A t  this (Dac. 1987), these changes t o  GEW have h v e d  rmrumal . . 
testbq, particularly flood plain option calculation. A potential p d l e m  
area is that of one section having an werhnk, follawed or  precded by a 
sectionthatdoesnat. U s e r s a r e a d v i s e d t o C ! h e c k ~ t h e ~ a u t p r t ~  
the f i l es  Weloped for UWRK for errors or dkaqmcies. Please notify 
Michael G e e  a t  HEC (FTS 460-1748 or (916) 551-1748) of any problems. 



Documentation for the GEDA/DWOPER Interface 

Back~round: Increasing use of the National Wea.ther Service's dynamic 

routing model, "Dynamic Wave-Operational" (DWOPER), for unsteady flow analyses 

has highlighted the need for an improved means for describing hydraulic 

geometry for that program. Geometric input to DWOPER consists of tables of 

cross-section widths and cqrllposite Manning n values as functions of elevation. 

Development of these data has proven difficult for two reasons: (1) many 

users are familiar with the x-y coordinate method of describing cross sections 

and many data sets exist in that format (i.e., for the program HEC-2); and (2) 

composite n values for coniplex cross sectians cannot -be estimated directly 

from field observations. Experience has shown that use of estimated n vaiues 

directly in DWOPER C;ta can result in conveyance functions that decrease with 
.. 

elevation, which, in turn, leads to computational instabilities. Consequently 

the HEC has modified an existing program, "Geometric Elements from Cross 

Section Coordinatesn (GEDA), to develop input geometric data for DWOPER which 

are consistent with HEC-2 data in both conveyance and volume (storage). It is 

emphasized that correct dynamic routing will be achieved only if the HEC-2 

cross sections accurately describe both stora~e and conveyance of the river 

channel. The GEDA-produced data are in the appropriate sequence and format 

for DWOPER versions dated 2/22/80 to 7/18/84. 

Theory: HEC-2 cross sections are subdivided to allow for transverse 

distribution of roughness. Given an HEC-2 croFs section, GEDA computes the 

total conveyance an5 top width of that section for a sequence of elevations. 

The composite n vs. elevation function that provides the same conveyance at 

each elevation is then calculated. An example is shown below. 
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Also, as DVOPER allows only a single distance between sections, the C R M  

program calculates that distance to preserve the volume between each two 

successive sections using +.he HEC-2 channel and overbank distances. This 

computation is only performed for the highest elevation for which information 

is requested. 

Operation: Upon execution of GEDA all geometric data are written to disk 

files* in the correct sequence (upstream to downstream) and format for DWPER 

input if the variablas NODE and DX (refer to the JP card description in the 

GEDA Users Manual) are set to zero. The data are computed for each HEC-2 

section input. The interpolation feature of GEDA plays no role in the proceso 

and should not be used. ~ o n s e ~ u e n t l ~ ,  DWOPER computat ional points coincide 

with the HEC-2 sections. 

The elevations for which widths and n values are calculated are controlled 

by the ET cards. Separation of sections into active and inactive widths is 

governed by KL cards. Refer to the GEDA Users Manual for descriptions of 

these cards. 

The specific DWOPER input card images and the units to which they are 

written are shown ia,,Table 1. 

* 
Because geometric data appear at several locations in the DWOPER input stream, 

several files must be merzed upon DWOPER execution. 



TABLE 1 DWOPER VARIABLES WRITTEN BY GEDA 

DWOPER 
Variable DWOPER Card 
Name Group No. Description Unit No- 

Table of top widths for all sections, 1 I 
upstream to downstream 

Table of elevations corresponding to 11 
the above 

30 Cross-sectional area below lowest 11 
elevation at zach section 

BSS 31 Table of storage widths 15% 

HSS 

ASS 

3 2 Elevations corresponding to above 
(same as HS) 

X 36 

YQCM 55 

3 3 Storage area below lowest elevation 15 
(these are zlways zero) 

Location of each computational section, 14 
units are feet From upstream boundary 

Table of elevations for which n values 12 
are provided, by reach** from upstream 
to downstream 

Manning n values corresponding to above 13 

* The information on unit 15 is only written for those sections that have off- 
channel storage. This can be ascertained from GEDA output. 

**NOTE: n values are associated with reaches rather than sections in the DGIOPER 
computational scheme. Therefore, when using GEDA, an n value vs. elevatior. 
function is determined for every "reach" between two cross sections by 
averaging the n vs. elevation functions at the two cross sections bounding 
the reach. Hence, for DWOPER input the nmber of Manning n reaches (NRCH1. 
card 15) is one less than the number of cross sections and the station 
numbers defining those reaches (NCH, card 16) starts with 2 and goes to NB 
(the l~umber of sections). 
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6tOMEfRlC * O D t L  FOR bNSTEADv FLOI P R O G E A ' ~  

son 
3.00 

x-SEE 
NO 

3.000 
3.000 
3r000 
S,O(rO 
3. 000 
3.000 
2.500 
2.500 
2,500 
2,500 
2.500 
2,500 
2,000 
2*000 
2.000 
2.000 
2.000 
2.000 
1 r500 
lr500 
1.500 
1,500 
lr500 
1.500 
1.000 
1r000 
1 r O O O  
1 r 000 
lr000 
t r O O O  
.so0 
r500 
,500 
r500 
a500 
*so0 
.OOO 
,000 
a000 
rOOO 
r OOU 
roo0 

AREA 

500 
1000 
1500 
2000 
250c 
Soon 
500 

loon 
1500 
2000 
2500 
3000 
500 
1000 
1500 
2000 
2500 
3000 
son 
1000 
150n 
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2500 
3060 
500 
in00 
1500 
zoo0 
2500 
3000 
500 
lo00 
1500 
2000 
2506 
3000 
500 
1000 
ison 
zoo0 
PSOn 
Soon 

OX FORMAT 
2640.0 ~ X , F ~ , O , ~ X , ~ F ~ . O , / ( ~ Y X ~ S ~ ~ ~ O )  

TOP 
w 1 D l t - I  h 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
son 
500 
500 
500 
500 
so0 
500 
500 
500 
500 
500 
500 
500 
500 
500 
SO0 
500 
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500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
so0 
500 
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C L O M t T R I C  MODCL FOR UNSTEIOV FLOW PROGRAqa 

son 
3.00 

ELFV 

524.17 
525.17 
526.17 
527.17 
528.17 
529.17 
523.64 
52.. 64 
525, br 
52b*b4 
527. bl 
528.6. 
523.11 
524.11 
525e11 

DX FORMAT 
2 b 4 0 ~ 0  8 X ~ F 8 . O , 8 X ~ 5 F 8 ~ O I / ( 2 4 X p 5 F 8 ~ O )  

1.0000 
1.0000 
I .QOOO 
1.0000 
1.0000 
1.0000 
1.0000 
1 .no00 
1 r 0000 
1.0000 
1 r0000 
1.0000 
1 .oooo 
1 *ooou 
1.0000 
1 .oono 
1 .OOl)O 
1 . OUOU 
1.0000 
1.0000 
i.0000 
1*0UOO 
1,0006 
l r  OUOO 
1*0000 
1 .OO@O 
i .noao 
1.000U 
1.0000 
lr0000 
1.0000 
lrO0OO 
1.0000 
1.0000 
1 rOO(r0 
1 . 0000 
1 .0000 
1 .ooo0 
1 .0000 
1 .0000 
1*0000 
l*OOOO 
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DESCRIPTION OF PAUSES 

%use 
No. Cause ----.-- - t Act ion  

End o f  j ob  

one o r  more reach 
lengths  e i t h e r  zero o r  
blank, One o r  more 
STA(1) values are  
negative. 

Neqative value i n  i n p u t  
data. 

Negative value i n  the  
n-val ue tab le .  

Check Q(N), IDF, MEID, NCH, KXY, KQCH, 
n-val ues , NIID , I S X Y .  

Log ica l  e r r o r  i n  
program code. 

Requires proqram debuggi nq. 

STA(I) i s  l a r q e r  than 
t h e  1 argest  X coordinate 
on t h e  GR cards. 

S i l l  l eng th  o r  s i l l  
e l e v a t i o n  i s  negative. 

STST i s  l a r q e r  than 
t h e  l a r q e s t  X coordinate 
on t h e  GR cards. 

P o s i t i v e  values required.  

STST i s  negat ive P o s i t i v e  value i s  required.  

STST i s  l a r g e r  than the  
l a r g e s t  STA(1) value. 

E i t h e r  STST o r  t h e  f i r s t  
STA(1) value i s  l a r g e r  
than the  l a r g e s t  X 
coordinate on the  GR 
card, 

Chanqe t h e  data so a t  l e a s t  1 STA(1) 
value i s  g rea te r  than STST. 

Logical  e r r o r  i n  sub- 
r o u t i n e  HYDLMT. 

An X coordinate i s  
smal le r  than t h e  
previous one coded on 
t h e  GR card. 

E x h i b i t  2 

9equi res  Dropram debuqqi nq. 
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rause 
No. Cause 

Loq ica l  e r r o r  i n  sub- 
r o u t i n e  HYDLMT. 

Log ica l  e r r o r  i n  sub- 
r o u t i n e  HY DL.?lT. 
Var iab le  LOST i s  one 
and should no t  be. 

S i m i l a r  t o  17 except 
LOST = 2. 

S i m i l a r  t o  17 except 
LOST = 3. 

A br idge sec t ion  has 
been entered, bu t  t he re  
a re  n o t  enough discharge 
c o e f f i c i e n t s .  

S t a r t i n g  water sur face 
e l e v a t i o n  i s  below 
c r i t i c a l  depth. 

Submerged f l ow  e x i s t s  
a t  a  w e i r  and no sub- 
mergence c o e f f i c i e n t s  
were provided. 

Submerged f l o w  e x i s t s  
and 2 submergence 
c o e f f i c i e n t s  are  t h e  
same. 

Act ion  I 
-- - - 

Requires oroqram debuqai ng . 

Same as 16 -  

Same as 16. 

Same as 16. 

Check data and e l i m i n a t e  
br idqe sect ions. 

Th is  Dause should be e l iminated.  
Check the ornqram l o g i c .  

E l  i m i  nate we i r  sect ions. I 

Same as 22. 

E x h i b i t  2 
Daqe 2 o f  :! 



GEnMETRIC ELEMENTS PROGRAM 

INPUT DATA DESCRIPTION 

Version 3.7 January 1076 

This input  descr ip t ion presents a "value" o r  "range o f  values" 
f o r  each var iable.  The code "+" under the "Value" column means any 
pos i t i ve  number. le roes are not  reconmended except where ind icated 
i n  the "Value" column. Avoid negative numbers unless t ha t  opt ion i s  
s p e c i f i c a l l y  stated as a value. Blanks are read as zero exceot where 
otherwise noted. Parentheses denote footnotes. A1 1 numeric var iab les  
are read as f l oa t i ng  po in t  numbers and in teger  var iables are converted 
immediately a f t e r  being read. Numbers may be coded e i t h e r  l e f t  o r  r i g h t  
j u s t i f i e d .  

HEC-2 Data Cards TI, T2, T3, NC, NV,  XI, X3, X4 and GR are permitted. 
However, on ly  a po r t i on  o f  the data on cards NC, X I ,  and X3 are u t i l i z e d  
i n  t h i s  program (see pages f o r  each card type). 

Exh ' i b i t  3 
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INPUT DATA DESCRIPTION 

TITLE CARDS - REqUIRED CARDS 

CARDS TI,  T2, T3 

a. CARD T I  

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F ie ld  - Value Variable Descri p t ion  

0 TI Card i d e n t i f i c a t i o n  characters. 

1-10 None Numbers and a1 phabetical characters 
f o r  t i t l e .  

b. CARD T2 

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F i e l d  - Variable - Val ue Descri p t i on  

0 T2 Card i d e n t i f i c a t i o n  characters. 

1-10 None Numbers and alphabetical characters 
f o r  t i t l e .  

c. CARD T3 

T i t l e  card f o r  output t i t l e .  This card i s  required f o r  each job. 

F i e l d  - Val ue Variable Description 
I 

0 T3 Card i den t i f i ca t i on  characters. 

1-10 None Numbers and alphabetical characters for 
t i t l e .  

Vote: Columns 0-32 on card T3 are not saved for subsequent use on 

plots ,  and th is d i f f e r s  from the T3 card i n  HEC-2, 

E x h i b i t  3 
Page 2 o f  18 



JOB PARAMETERS - REOUIRED CARD 

CARD JP 

The geometric elements may be calculated for the same elevation at 
each cross section or they may be calculated on a sloping grid. The 
latter usually results in fewer elevation points for jobs covering 
long distances of the river. In any case, using a sloping grid is 
only a matter of convenience and the slope does not impact on routing 
calculations in the unsteady flow model. 

FIELD VARIABLE VALUE DESCRIPTION 

0 ICG JP Card identification characters. 

1 AVGS O,+,- The downstream cross section identification 
(iwe., if cross section locations are 
identified by River Mile (XI-i) , use the 
mile for the first sections here). 

2 ASEL +,' The change in elevation between cross 
sections is calculated by multiplying the 
slope ASEL times the channel reach length. 

1000 ASEL will be based on the downstream channel 
slope. 

2000 ASEL will be based on the downstream minimum 
channel bank elevation slope. 

NODE 0 The program will calculate the number of 
nodes from DX and the total model length. 

+ The program will calculate the distance 
between nodes from total model length and 
interpolate tables of geometric elements at 
those points. 

0 The value for NODE should be positive so the - 
program will calculate DX and the resulting 
tables of geometric elements. 

Exhibit 3 
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FIELD VARIABLE VALUE 

+ 

LFA 0 

1 

NOSC 0 

DESCRIPTION 

Tables of geometric elements will be 
interpolated on the constant interval, DX, 
however, if both NODE and DX have been 
specified the value for NODE will override 
the value for DX. 

Program calculates the velocity distribution 
factor ALPHA. 

The program assigns 1 to the velocity 
distribution factor. 

The largest identification number that can 
be printed or punched out by this program 
is 9999.999. The largest cross section area 
is 9,999,999. The program will test the 
size of section identification numbers and 
cross section areas and calculate a factor 
to scale down numbers which are too large. 
An appropriate note is printed giving the 
resulting scale factor. 

+ A scale factor of 1.0 is assigned. 

7-8 Not used. 

9 KSW(11) 0 Suppresses printout of subsection areas, 
wetted perimeters, conveyances, etc. 

1 Printthe intermediatevalues of conveyance, 
area, hydraulic radius, n-value and reach 
length for each subsection in each cross 
section. 

KSW(12) 0 Thegeometricelementsareinterpolated from 
adjacent input cross-sections and printed. 

1 Punch cards of the above geometric elements 
for subsequent use in the routing 
calculation. 

2 The geometric elements are interpolated by 
weighting the values at all input cross- 
sections within k5DX of the node and 
printed. 

3 Punch cards of the above geometric elements 
for subsequent use in the routing 
calculation. 

Exhibit 3 
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ELEVATION TABLE - REQUIRED CARDS 

CARD ET 

The tab le  of geometric elements may contain from 3 up  t o  21 values of 
elevation.  The difference between two successive elevation values on 
t h i s  card, ca l led the elevation in te rva l ,  must be an integer amount 
f o r  the routing program. Up to  three d i f f e r en t  in te rva l s  may be u t i l i z ed .  
Values must be entered from lowest t o  highest elevation fo r  the routing 
program. 

Field Variable - Value Description -- -- 
0 ICG ET Card iden t i f i ca t ion  characters.  

1 - 10 WS o,+ Elevations may be zero o r  posi t ive .  
Enter 10 values across the card and 
use as  many cards as  a r e  required. 
The program will  count the number of 
values in te rna l ly  using a zero or  
blank f i e l d  to  s ign i fy  the  end of 
elevations.  

Exhibit 3 
Page 5 of 18 



WEIGHTED REACH LENGTH - OPTIONAL CARDS 

CARD WL 

Frequently, the channel distance i s  not representative of t3e length of 
flow when extremely large flood events are  to  he analyzed. This card 
permits the user to  enter  a length between cross sections t3a t  re f lec ts  
the flow length for  the floods tha t  he plans t o  analyze. The weiahted 
reach length i s  not used i n  calculating area and volume, only in 
establishing the location of cross sections fo r  subsequent calculations 
as the geometric elements are  interpolated for  each !!ode. 

Field Variabl e Value - Description 

0 ICG ~ J L  Card identification characters. 

1-1 n X9L r) A t  the f i r s t  cross section only. 

+ The weighted distance from the second 
to  the f i r s t  cross section is entered 
i n  f i e ld  2. Field 3 goes w i t h  the t h i r d  
cross section, ETC. Enter one value of 
weighted reach length for each cross 
section. The program will  count the 
number o f  values entered using O or  
blank t o  identify the end. 

Exhibit 3 
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REQUIREn CARD FOR F I R S T  CROSS SECTIOM 

CARD PIC 

p?annincrts n-values are entered f o r  s t a r t i n g  each job, o r  f o r  changinq 
values prev ious ly  specif ied. Vanninq's n-val ues apply a t  a cross 
sect ion and halfway t o  the cross sect ion on e i t h e r  side. The values 
on t h i s  NC card apply t o  the cross sect ion described on the f o l l ow ing  
X I  card and apply u n t i l  changed by a f u tu re  blC card. 

F i e l d  - Variable - Value Descr ip t ion 

0 I A NC Card i d e n t i f i c a t i o n  characters. 

1 XNL 0 No change i n  Manning's "nu value 
f o r  the  l e f t  overbank. 

t Manning's "n" value f o r  the l e f t  
overbank. 

2 XNR 0 No change i n  Manning's "nu value f o r  
the r i g h t  overbank. 

t Yanning's "n" value f o r  the r i g h t  
overbank. 

3 XNCH 0 No change i n  Manning's "n" value fo r  
the  channel. 

t Manning's "n" value f o r  t he  channel. 

Note: Other HEC-2 var iab les  on NC-card a re  n o t  used i n  t h i s  program. 

F x h i b i t  3 
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OPTIONAL CARD FOR ROUGHNESS DESCRIPTION 

CARD NV 

Used t o  varv the channel n-values i n  the v e r t i c a l  based on water surface 
elevat ions.  ~ t r a m n e  i n te rpo l  a t i on  i s  used between ~ o i n t s .  

F i e l d  Variable Value Descr ipt ion 

0 I A MV Card i d e n t i f i c a t i o n  characters. 

1 NUMNV + Total  number o f  Manning's "n" values 
entered on V V  cards (maximum f i v e ) .  
I f  more than one NV card i s  used, 
f i e l d  1 on the other cards would 
contain an ELN(N) value. 

2,4,6. . vALN(N) + ?.lanninqls "n" c o e f f i c i e n t  f o r  area ...,... below ELM(?). The overbank "n" values 
spec i f ied on CARD NC w i l l  be used f o r  
the overbank roughness regardless o f  
the values i n  t h i s  table.  

3,5,7.. ELN(N) + Elevat ion o f  the water surface 
. . . . . . . co r res~ond i  nq t o  VALN(N) i n  increasing 

order. 

Note: HEC-2 permits 20 n-value points. This program permits on ly  5. 

Exh ib i t  3 
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SLOPE CHANGE - OPTIONAL CARD 

CARD SC 

The slope ASEL (JP-2) i s  changed a t  any cross section with th i s  card. 
The slope will remain a t  t h i s  new slope until i t  i s  changed again. 
The specified s e t  of closely spaced elevations follow approximately 
along the top bank elevation of the channel. 

Field , Variable --. Val ue Description 

0 I CG S C Card ident i f icat ion characters. 

1 AVGS O,+,  The cross section identification number 
fo r  the f i r s t  cross section where the 
new slope was used. 

2 ASEL +,- The change in elevation between cross 
sections i s  calculated by mu1 tiplying 
the slope ASEL times the channel 
reach length. 

1000 ASEL will be based on the downstream 
cnanne l slope. 

2000 ASEL will be based on the downstream 
minimum channel bank elevation slope. 

Exhibit 3 
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REQUIRED CFtRD FOR EACH CROSS SECTION 

CARD XI 

This card i s  required f o r  each cross sect ion,  and is used t o  specify the 
cross section geometr-y and program options a ~ p l  icahl e to  that  cross section. 
This program di f fers  from !?EC-2 i n  tha t  i t  does not read Field 10 and only 
100 cross sections may be specified. 

Field - Variable Va 1 ue Oescription 

0 I A X 1 Card ident i f icat ion characters. 

1 S EC?lQ t Cross section ident i f icat ion number 

- (Tributaries i n  HEC-2). Vot used in 
this program. 

3 STCHL r) 

t 

4 STCHR 0 

t 

7 XLCH t 

Previous cross section i s  used fo r  
current section, Qext GF? cards a re  
omi t ted . 
Total number of s ta t ions  on the next 
GR cards. 

May be omitted i f  NUYST (X1.2) is 0. 

The s ta t ion  of the l e f t  bank of the 
channel. 

May be omitted i f  NUFIST (X1.2) i s  0. 

The s ta t ion  of the r i g h t  bank of the 
channel. ?lust be equal to  or greater 
than STCHL. 

Lenath of reac* between current cross 
section and next downstrean cross section 
of the l e f t  overbank. 

Lenath of reach between current cross 
section and next downstream cross section 
for  the r i g h t  overbank. 

Length of reach between current cross 
section and next dotrtnstream cross section 
for  the channel. 

Exhi b i t  3 
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CARD XI (cont. ) 

Field - Variable Value 

8 PXSEC!? 0 

OPTIO!lAL PLOTS OF CROSS SECTIOrl 

Field - Variable ?a1 ue 

Description 

Cross section s tat ions n i l1  not be 
changed by the factor  PXSECR. 

A r a t io  which will be ~ u l t i o l i e d  times 
a1 1 cross section s ta t ions ,  except the 
f i r s t  s ta t ion ,  to increase or  decrease 
cross section w i d t h .  The r a t io  can 
aanly to  a repeated cross section or  
a current one. 9 1.1 would increase 
the w i d t h  by 10 percent. 

Cross section elevations !.till not b~ 
changed. 

Constant to be added (+) or  subtracted ( - )  
from a l l  cross section elevations. '4 
repeated cross section i s  handled i n  the 
same manner as one jus t  entered. Elevation 
changes are permanent; therefore,  changes 
accumulate with succ~ss ive ,  repeated 
sections. 

Description 

10 I PLOT r! :lot recognized by th i s  program 

Exhibit 3 
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SPECIFICATION OF INEFFECTIVE FLOW AREAS 

CARD X3 - OPTIQNAL CARD 

F i e l d  Variable ?,a 1 ue 

r) I A X 3 

1 I EARA 0 

Descr ip t ion 

Card i d e n t i f i c a t i o n  characters. 

Total  area o f  cross sect ion described 
on GR cards below the water surface 
e levat ion i s  used i n  the computations. 

ELSED 

EMCFP 

STENCL 

Only t3e cross sect ional  area confined 
by levees below the water surface 
e levat ion i s  used i n  the computations, 
unless the water surface e levat ion i s  
above the top o f  levee (elevat ions 
corresponding t o  STCH(X1.3) and STCH!? 
(XI .4), i n  which case f low areas outside 
the levee w i l l  be included. 

Width between encroachments i s  no t  
changed o r  i s  not  speci f ied.  

Width between encroachments i s  centered 
i n  the channel, midway between the l e f t  
and r i g h t  overbanks. Flow areas outside 
t h i s  width are not  included i n  the 
computations. This wid th  w i l l  be used 
for  a l l  cross sections unless changed 
by a pos i t i ve  ENCFP on Card X3 o f  
another cross sect ion o r  unless over- 
r idden by the use o f  STENCL (X3.4). 

Encroachments b.y spec i f y i  ng s t a t i o n  
and/or e levat ion w i l l  no t  be used on 
the l e f t  overbank. 

Sta t ion o f  the l e f t  encroachment. Flow 
areas t o  the l e f t  o f  ( less  than) t h i s  
s t a t i o n  and below ELENCL are not  included 
i n  the computations. This o p t i o ~  w i l l  
overr ide the opt ion using ENCFP when 
both are used. 

Exh ib i t  3 
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CARD X3 (cont) 

F i e l d  Var iable - Val ue 

5 ELENCL. 0 

6 STENCR 0 

t 

7 ELENCR 0 

8 ELLEA 0 

+ 

9 ELREA 0 

t 

10 

Eescri  p t i o n  

An encroachment e levat ion on the l e f t  
s ide i s  not  appl icable and i s  therefore  
assumed very high. 

El evat ion o f  the 1  e f t  encroachment. 
Flow areas below t h i s  e levat ion and 
less than STENCL are not  inc luded i n  
the computations. 

An encroachment s t a t i o n  on the r i g h t  
i s  not  used. 

S ta t ion  o f  the r i g h t  encroachment. 
Flow areas t o  the r i g h t  o f  (greater 
than) t h i s  s t a t i on  and below ELEMCR 
are not  inc luded i n  the computations. 

An encroachment e levat ion on the r i g h t  
s ide i s  no t  appl icable and i s  therefore  
assumed very high. 

Elevat ion o f  the r i g h t  encroachment. 
Flow areas below t h i s  e levat ion and 
greater than STENCR are no t  included 
i n  the computations. 

E x h i b i t  3 
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ADDITIONAL GROUND POINTS 

CARD X 4  - OPTIONAL CARD 

An addit ional  input card X 4  may be inser ted fol  lowing cards X I ,  X2, o r  
X3 i n  order t o  add addit ional  points t o  describe the  ground p ro f i l e  of 
the cross section.  Sta t ions  of X4 data points must fa1 1 w i t h i n  the  
range of GR s t a t i ons .  The X 4  data point  is an added po in t  and cannot 
be used t o  replace any GR data point. T h i s  option i s  useful when 
modifying data cards f o r  a proposed obstruction as  i t  allows points t o  
be added qnywhere i n  the  cross sect ion.  

Field Variable Value Description - 

0 I A X 4  Card iden t i f i ca t ion  characters .  

1 NELT + Number of addit ional  points t o  supplement 
the  cur ren t  s e t  of G R  cards read i n  
describing the  ground profi l e  of the 
cross section.  A maximum of 20 points 
may be used. 

495, 
e tc .  

ELT(1) + 

STAT ( 1 ) + 

Elevation of f irst  addit ional  ground 
point. 

Sta t ion of f i r s t  addit ional  ground point. 
All s t a t i ons  must be l e s s  than the 
maximum s t a t i o n  on the  GR cards. The 
pa i r s  of e levat ions  and s t a t i ons  do not 
have t o  be i n  any par t i cu la r  order. 

Additional pa i r s  of elevation and s t a t i on  
values. 

Exhibit 3 
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CONVEYANCE LIMITS - OPTInrlAL CARD 

CARD KL 

The geometric model fo r  unsteady flow ca7culations must descri he both 
volume and conveyance. Satisfying the volume requirement often causes 
cross sections to  extend u p  t r ibutar ies .  This is an area that  does not 
contribute t o  conveyance of the mainstem discharge, however, and 
conveyance l i n i t s  can be established for  affected cross sections. 

Field \/ariahle Value Description 

0 ICG KL Card identification characters. 

1 AVGS ,+ Cross section identification number. 

2 STST 0 The ent i re  cross section i s  used for  
both volume and conveyance on the l e f t  
overhank. 

+ The cross section s tat ion separating 
storage from conveyance on the l e f t  
overbank. This value does not have to 
cbhcide with a coordinate point. 

The ent i re  r ight  overbank of the cross 
section i s  used to  convey flow. 

The cross section s ta t ion  beyond which 
only volume i s  calculated. 

E x h i b i t  3 
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CARD GR 

GROUND PROFILE 

This card speci f ies the elevat ion and s ta t i on  o f  each po in t  i n  a cross 
section used t o  describe the ground p ro f i l e ,  and i s  required f o r  each 
X I  card unless NUMST ( X I  .2) i s  zero. The points outside o f  the channel 
determine the subdivision o f  the cross section which corrects f o r  the 
nonuniform ve loc i ty  d is t r ibu t ion .  

F i e l d  - Variable - Value Description 

0 I A GR Card i d e n t i f i c a t i o n  characters. 

1 EL(1) + Elevation o f  cross section point  1 a t  - s ta t i on  STA(1). May be pos i t i ve  o r  
negative. 

2 STA(1) + Stat ion o f  cross sect ion po in t  1. 

3 EL(2) + Elevation o f  cross sect ion po in t  2 a t  
I STA(Z). 

4 STA(2) + Stat ion o f  cross section po in t  2. 

Continue w i th  addit ional  GR cards using up t o  100 points t o  describe the 
cross section. Stations should be i n  increasing order and p o s i t i v e .  

E x h i b i t  3 
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END OF JOB CARD 

CARD EJ - REQUIRED 

Required following the l a s t  cross section f o r  each job. Each group 
o f  cards beginning w i th  Card T I  i s  considered a job. 

F i e l d  - Var iable  Val ue Description 

9 EJ Card i d e n t i f i c a t i  on characters. 

1-10 Not used. 

E x h i b i t  3 
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END OF RUN 

CARD ER - REQUIRED CARD 

Required a t  the end o f  a run consisting of one or  more jobs i n  order t o  
end computation on stop command. Three blank cards a f t e r  the EJ card 
o f  the l a s t  job are  optional.  

F i e l d  Variable Value - Description 

0 I A E!? Card i d e n t i f i c a t i o n  characters 

1 - 10 Not used 

E x h i b i t  3 
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GEDA --Tape 95 



 
 
 
 



TAPE 95 

First record on tape 95: 

Z I'T'APE dM Z Z KVAR Z Z. Z, 

Z - a zero value i s  used 

ITAPE - T h i s  i s  s e t  t o  94 t o  iden t i fy  i t  as  a GEDA tape 35 

JM - i s  s e t  equal t o  the t o t a l  number of p ro f i l e s  

EVAR - is  s e t  t o  65, which i s  the number of variables wri t ten  

out  t o  tape 95 

Second record on tape 95: 

TITLE(1) - TITLE (6 )  

TITLE - T i t l e  on t i t l e  card based on A4 format 

Third record on tape 95: 

X(l)  - X(100), Z, z 
X and Z - a r e  s e t  t o  zero 

Fourth record on tape 95: 

X(1) - X(100) 

X - is  s e t  t o  zero 

F i f th  and a l l  other records O n  tape 35: 

QVAR(1) - QVAR(65) 

i a s t  record on tape 95: 

QVAR(I) i s  s e t  equal t o  -l.E + 0 5 

ijVAR(1) - QVAR(65) 

Total records = 4 + t o t a l  number sect ions  X t o t a l  number of p rof i l e s  + 1 
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