
TN-22 

DATA REQUIREMENTS AND DATA PREPARATION 
FOR DAMBRK PROGRAMME 

SATISH CHANDRA 
DIRECTOR 

STUDY GROUP 

SATISH CHANDRA 
M PERUMAL 

NATIONAL INSTITUTE OF HYDROLOGY 
JAL VIGYAN BHAVAN 

ROORKEE-247667(UP) INDIA 

1985-86 



CONTENTS 

List of Symbols 

List of Figures 

Abstract  

1.0 INTRODUCTION  

2.0 DATA REQUIREMENTS 

3.0 DATA PREPARATION 

4.0 INPUT DATA STRUCTURE FOR DAMBRK PROGRAMME 

5.0 INPUT DATA PREPARATION FOR EXAMPLE PROBLEM 

REFERENCES 

APPENDIX-I 



LIST OF SYMBOLS 

A
s Reservoir water surface area in acres 

Final bottom width of breach 

Cd Co-efficient of discharge of crest of dam 

C
g Co-efficient of discharge of gated spillway 

Cs Co-efficient of discharge of uncontrolled spillway 

ho Initial elevation of water in reservoir 

h
bm Final elevation of breach bottom 

hd Elevation of top of dam 

hf Elevation of water when breach begins to form 

hg Elevation of center of submerged gated spillway 

hs Elevation of uncontrolled spillway crest 

Qr Constant head independent discharge from dam 

Side slope of breach 

Failure time of breach in hours 



LIST OF FIGURES 

FIGURE NO. TITLE PAGE 

1 Front view of dam showing formation 
of breach  8 

2 Orifice breach  10 

3 Cross-section representation  12 

4 Off-channel storage (Plan View)  13 

5 Lateral variation of n-values across 
a cross-section  lb 

11 



ABSTRACT 

Planning and design requirements for a wide range 

of projects, such as emergency preparedness and location of 

nuclear power plants, have generated widespread interst in dam 

break floods analysis. Although much academic research have 

been accomplished on this topic, a generalised analytic tech-

nique for calcuating and routing of dam break floods in natural 

channels is rarely available. The U.S. National Weather 

Services DAMBRK programme is meant to serve this practical 

purpose. This note presents the data requirements for 

analysing the flood wave generated by dam failure using the 

DAMBRK programme, and also gives the details on how to prepare 

the data for executing the DAMBRF programme for a most 

practical case. The DAMBRK programme was developed so as to 

require data that is accessible to the forecaster. The input 

data can be categorised into two groups. The first data 

group pertains to the details of dam such as breach, spillways, 

and reservoir storage volume, etc. The second group pertains 

to the routing of the outflow through the downstream valley. 

The input data requirements are flexible in so far as much 

of the data may be ignored when a detailed analysis of Ia dam 

break flood inundation event is not feasible due to lack of 

data or insufficient data preparation time. 
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1.0 INTRODUCTION 

Protection of the public from the consequences of 

dam failures has taken on increasing importance as population 

have concentrated in areas vulnerable to dam break disasters. 

This has created general interest in the dam safety analysis 

in recent years. The organisations which are responsible for the 

safety of dams should plan for preventive measures so that in 

the eventuality of dam failures the disaster will not struck 

the lives of the population living downstream. 

One of the preventive measure in avoiding dam disaster 

is by issuing flood warning to the public of downstream 

when there is a failure of a dam. However, it is quite diffi-

cult to conduct analysis and determine the warning time 

regarding dam break flood at the time of disaster. Therefore, 

pre-determination of the warning time assuming a hypothetical 

dam break situation is a needed exercise in dam safety analysis. 

The method used for such analysis gains more credibility if 

one can simulate the past dam break failure scenario using 

that method with reference to failure mode and flood wave move-

ment downstream of the dam. 

Although many publications are available on dam break 

simulation problem since 1892 ( Ritter, 1892) only a very few 

deal it with practical consideration. One of the unrealistic 

assumption made in many of those publication is that the dam 

fails completely and instantaneously. The assumptions are 



somewhat appropriate for concrete arch type dams, but they are 

not appropriate for earthern dams and concrete gravity dams. 

Earthern dams which exceedingly outnumber all other types of 

dams do not tend to completely fail nor do they fail instan-

taneously. The breach requires a finite interval of time for 

its formation through erosion of the dam materials by the 

escaping water. 

1.1 DAMBRK Programme 

The U.S. National Weather Service (NWS), after taking 

into consideration the practical aspects of dam failure condi-

tion and subsequent flood wave movement, has developed (Fread, 

1977) and improved ( Fread, 1984) a computer programme 

IDAMBRK1  for the purpose of forecasting downstream flooding 

with reference to flood inundation information and warning 

times resulting from dam failures. 

1.1.1 Purpose of DAMBRK programme 

DAMBRK programme simulates the failure of a dam, 

computes the resultant outflow hydrograph and simulates move-

ment of the dam-break flood wave through the downstream river 

valley. Two or more dams in series can also be accommodated. 

The results of these computations can be used to develop 

potential inundation maps for hypothetical and historical 

failures, establish time of travel of various portions of the 

flood wave to downstream locations and evaluate the effects of 

uncertainties in the dam failure paramters on these quantities. 

The analysis may be done for existing structures or those in 
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planning or design stages. The theoretical description of the 

DAMBRK programme as given by Fread (1984) is reproduced in 

Appendix-I. 

. 1.1.2 Capabilities of DAMBRK programme 

The DAMBRK programme has the capability of simulating 

a total of 12 different cases corresponding to a combination 

of various reservoir routing techniques and channel flood 

Touting techniques in the presence of a single or multiple 

dams in river reaches. Some of these options take into conside-

ration the routing of dam break flood wave through the down-

stream strauctures, like major bridges, with special internal 

boundary conditions. 

1.2 Purpose of the Report 

This report focusses data requirements and data 

preparation needed for DAMBRK programme. This also presents 

the description of the data input into each card along with 

the utility codes. The preparation of data in the programme 

required format is made for an option which is the most 

encountered one in practice. The modification required in 

the input data for other options of the programme are only 

slightly different from the considered one. 
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2.0 DATA REQUIREMENTS 

The DAMBRK model was developed so as to require data 

that was accessible to the forecaster. The input data require-

ment are flexible in so far as much of the data may be ignored 

(left blank on the input data cards or omitted altogether) when 

a detailed analysis of a dam break flood inundation event is 

not feasible due to lack of data or insufficient data prepara-

tion time. Nontheless the resulting approximate analysis is 

more accurate and convenient to obtain than that which could 

be computed by other techniques. The input data can be cate-

gorized into two groups. 

The first data group pertains to the dam ( the breach 

spillways, and reservoir storage volume). The breach data 

consists of the following parameters: ( failure time of breach, 

in hours), b ( final bottom width of breach ), E ( side 

slope of breach), hbm 
 ( final elevation of breach bottom), 

ho 
(initial elevation of water in reservoir), hf  (elevation 

of water when breach begins to form), and hd  (elevation of 

dam). The spillway data consists of the following: hs 
 (eleva- 

tion of uncontrolled spillway crest), Cs 
 ( coefficient of dis- 

charge of uncontrolled spillway), h ( elevation of center 

of submerged gated spillway), C ( coefficient of discharge 

of gated spillway), Cd  ( coefficient of discharge of crest 

of dam), Qt 
( constant head independent discharge from dam). 

The storage parameters consist of the following: a table of 

surface area (As
) in acres or volume inacre ft. and 

the corresponding elevations within the reservoir. The 
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forecaster must estimate the values of r , b, 6, hbm, and hf. 

The remaining values are obtained from the physical description 

of the dam, spillways, and reservoir. In some cases hs, Cs
, 

h and C and Cd 
may be ignored and Qt 

used in their place. 

The second group pertains to the routing of the 

outflow hydrograph through the downstream valley. This 

consists of a description of the cross-sections, hydraulic 

resistance coefficients, and expansion coefficients. The 

cross-sections are specified by location milage, and tables 

of top width ( actaive and inactive ) and corresponding 

elevations. The active top widths may be total widths as 

for a composite section , or they may be left floodplain, 

right flood plain, and channel widths. The channel widths 

are usually not as significant for an accurate analysis as 

the overbank widths. The number of cross-sections used to 

describe the downstream valley depends on the variability of 

the valley widths. They also depend on the availability of 

cross-section measurements. However, a minimum of two 

must be used.. Additional cross-sections are created by the 

model via linear interpolation between adjacent cross-

sections specified by the forecaster. This feature enables 

only a minimum of cross-sectional data to be input by the 

forecaster according to such criteria as data availability, 

variation, preparation time etc. The number of interpolated 

cross-sections created by the model is controlled by the 

parameter DXM which is input for each reach between specified 
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cross-sections. The expansion-contraction coefficients (FKC) 

are specified as non-zero values at sections where significant 

expansion or contractions occur. But they may be left blank 

in most analyses. 
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3.0 DATA PREPARATION 

The accuracy with which the dam break simulation can 

be made depends on the fidelity with which breach parameters, 

flow, geometry and roughness are respresented. This section 

focusses on how breach simulation parameters, flow geometry 

and roughness are defined in DAMBRK programme. In addition 

the input data structure along with the utility codes 

is presented for using DAMBRK. 

3.1 Representation of Breach Formation 

Two types of breaching may be simulated using this 

programme: 

An overtopping failure in which the breach is simulated 

as a rectangular, triangular, or trapezoidal shaped 

opening that grows progressively downward from the 

dam crest with time. Flow through the breach at 

any instant is calculated using a broad crested weir 

equation. 

A piping failure in which the breach is simulated 

as a rectangular orifice that grows with time and 

is centered at any specified elevation within the 

dam. Instantaneous flow through the breach is 

calculated with either orifice or weir equations 

depending on the relation between pool elevation 

and the top of the orifice. 



dam crest breach 

During the simulation of a dam failure, the actual 

breach formation commences when the reservoir water surface 

elevation (h) exceeds a specified value, hf. This feature 

permits the simulation of an overtopping of a dam in which 

the breach does not form until a sufficient amount of water 

is flowing over the crest of the dam. A piping failure may be 

simulated when hf 
is specified less than the height of the 

dam, hd' 
The description of these two types of breach 

formation along with the concerned parameters is given below: 

3.1.1 Formation of breach due to overtopping 

Figure 1 shows the front view of dam showing formation 

of breach due to overtopping. 

Figure. 1 FRONT VIEW OF DAM 

SHOWING FORMATION OF BREACH 
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For reasons of simplicity, generality, wide applicability and 

the uncertainty in the actual failure mechanism, the DAMBRK 

programme allows the forecaster to input the failure time 

interval (T) and the terminal size and shape of the breach. 

The shape is specified by a parameter ( 5) identifying 

the side slope of the breach i.e. 1 vertical E horizontal slopc 

The range of B values is oce :2. The final breach size is 

controlled by the B parameter and another parameter (b) which 

is the terminal width of the bottom of the breach Rectangular, 

triangular or trapezoidal shapes may be specified for the 

description of the breach For example, B = 0 and b> 0 produces 

a trapezoidal shape. As shown in figure 1, the model assumes 

the breach bottom width starts at a point and enlarges at 

a linear rate over the failure time interval (T) until the 

terminal width is attained and the breach bottom has eroded 

to the elevation hbm 
which is usually, but not necessarily the 

bottom of the reservoir or outlet channel bottom. If T is 

less than 10 minutes, the width of the breach bottom starts at 

a value of b rather than at a point. This represents more 

of a collapse failure than an erosion failure. 

3.1.2 Formation of breaching due to piping 

If the specified elevation, hf  that triggers 

formation of breach is below the crest of the dam, a piping 

failure is simulated. In this case, the breach is rectangular 

and grows as depicted in figure 2. 
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Figure 2 ORIFICE BREACH 

3.2 Representation of Data of Spillways and Reservoir 
Storage Volume 

The representation of data ,as described in section 2.0, 

pertaining to spillway and reservoir storage volume are 

straight forward and are readily available in practice. 

3.3 Preparation of Data on River Characteristics 

Flow geometry and off-channel storage are represented 

in DAMBRK through means of user specified cross-sections. 

Cross-section location is specified in terms of river 

miles from the dam. Cross-sections should be positioned so 

as to best characterize the geometry of the anticipated flow 
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paths. They should extend across the valley with a liberal 

allowance for the maximum anticipated depths of flow. Cross 

section alignment should always be perpendicular to the 

anticipated flow lines, which may require a dog-leg or curvi-

linear alignment. 

A cross section is defined in terms elevation and 

widths. The same number of elevations should be used for 

each cross section, a maximum of eight is permitted. Widths 

for elevations greater than maximum elevation supplied by the 

user are obtained by linear extrapolation. For each elevation 

for a Cross section, two widths may be specified - an 'active 

flow' width and an 'inactive' ( or off-channel storage) 

width. It is presumed that flow through the active flow portion 

of a cross section is normal to the plain of the cross 

section with a velocity that can be appropriately represented 

with Manning's equation, Only the active flow portion of a 

cross section is considered in defining terms in the momentum 

equation. 

The inactive portion of a cross section is intended 

to account for an area where water ponds and/or does not 

have a significant velocity component in the direction of flow. 

Characteristics of the total cross section, active plus inactive 

are reflected in the terms of the continuity equation. Figure 

3 illustrates representation of a cross section with elevation 

and widths that has both active and inactive areas. 
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Figure 3- CROSS- SECTION REPRESENTATION 

Off channel storage, for example on a tributary, can 

be modelled by locating three cross sections as shown in 

figure 4, and developing off-channel storage widths to 

reflect storage in the tributary. The widths can be calculated 

for the middle cross section as follows: 

2 (SA) 
BSS 

where, 

BSS - Off-channel storage width in ft. for middle 

cross section at elevation E ft. 

SA - Surface area of off-channel storage in square 

ft. at elevation E ft. 
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t. 

OFF-CHANNEL STORAGE 

L - Distance in ft. between first and third cross-sections. 

Figure 4 - OFF-CHANNEL STORAGE (PLAN VIEW) 

Implicit in this treatment of off-channel storage is 

the assumption that the time required to occupy and evacuate 

it is negligible. This assumption would not be valid for a 

long tributary for which filling and draining times are 

significant relative to the time required for the flood wave 

to pass the mouth of the tributary. Filling and draining 

of a long tributary can be more accurately treated using two 

applications of the model. In the first, the dam failure 

is simulated and the wave is routed to the confluence of the 
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tributary. A second application of the model routes flow 

through the tributary and on downstream along the main river. 

The dam-break flow is entered as a lateral inflow hydrograph 

which propagates downstream along the main river and upstream 

along the tributary. 

Cross-sectional data in X- y co-ordinate format at 

commonly available from field surveys. 

3.3.1 Cross-section interpolation 

Apart from the necessity to give appropriate definition 

to flow geometry and off-channel storage with cross-sections, 

the computational procedures themselves impose requirements 

that constrain the spacing of cross-sections. Theoretically, 

the distance between computational points (cross-sections) 

should equal the distance travelled by the flood wave during 

a computation interval. Because both the flood wave velocity 

and the computation interval vary during a simulation, the 

theoretical criteria can only be approximately satisfied. 

Flood wave velocity increases with the depth of flow, hence 

relatively short distance steps are required near the failing 

dam, and steps can be lenghtened with increasing distance 

from the dam as the flood wave attenuates. To meet these 

variable distance step requirements, DAMBRK contains 

capability to automatically interpolate cross-sections. The 

user specifies the maximum distance between computation points 

(cross-sections) for reach reach between input cross-sections. 

The programme will automatically interpolate cross-sections 
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to satisfy the criteria. 

The cross-section interpolation procedure used by 

the programme performs linear interpolation of elevation and 

width with distance between adjacent cross-sections. This 

manner of interpolation, while computationally simple gives 

rise to the need for defining cross-sections on a consistent 

basis. Erroneous interpolation could occur when adjacent 

cross-sections are markedly dissimilar. 

3.4 Roughness Representation 

3.4.1 Application of roughness coefficients 

Boundary resistance is reflected in the equation of 

motion through the friction slope, which is defined with 

Manning's equation. Friction slope is determined for a reach 

in terms of an arithmatic average of the hydraulic radii, for 

the 'effective flow' portions of cross-sections at each end 

of the reach. It is assumed that wetted perimeter is equal 

to the effective water surface width. This assumption results 

in negligible error if the width-to-depth ratio for effective 

flow is greater than a value of about 10. For narrow, deep 

cross sections, the wetted perimeter assumption can be 

accommodated by employing appropriately larger n-values. 

3.4.2 Composite roughness 

Manning's roughness coefficients ( n-values) are 

specified for reaches containing two or more cross sections 
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n3, a3,p3  n2, a2, p2  

KY 

as a set of composite n-values which vary with elevation 

or discharge. A composite n-value is an equivalent n-value 

associated with the entire ( effective) wetted perimeter of 

a cross-section. The programme interpolates linearly in 

the table of composite n-values based on the average water 

surface elevation for the reach. If the average water surface 

elevation exceeds the average of the largest elevations 

specified for the cross-sections at each end of the reach, 

linear extrapolation is used to obtain the n-value. Typically 

n-values are specified with a lateral variation across the 

cross-section as shown in figure 5. 

3.5 Expansion and Contraction Coefficients 

The user must specify a value for the expansion 

Or contraction coefficients for each reach where the 

expansion or contraction of channel section respectively is 

encountered. The value assigned by the user must be positive 

for a contraction and negative for an expansion. The con-

traction values vary from 0.1 to 0.3, the expansion value 

vary from -0.5 to -1.0. If contraction-expansion effects 

are negligible, zero values are entered. 

Figure 5 - LATERAL VARIATION OF n-VALUES'ACROSS A CROSS-SECTION 
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4.0 INPUT DATA STRUCTURE FOR DAMERR PROGRAMME 

Input 
card 

group 
no. 

MOAN, MRVR, MANE - 20 A 4 Format 

MOAN Name of dam (col. 1-20). 
MRVR Name of reservoir (col. 21-40). 
MNAME Agency name (col. 41-60). 

MESAGE - 20 A 4 Format 

MESAGE Agency address--street, room (col. 1-40). 
Agency Address--city, state, zip code (col. 41-72). 

KKN, KUI, MULDAM, KDMP, ITEH, gPRT, Kit?, KSL - 8 I 10 Format 

KILN 

KUI 

MULDAM 

KDMI' 

Parameter which is associated with KSUPC on card (16). 
If KSUPC-0, KKN-l; if KSUPCal, KKN should be given a 
value of 1 if the downstream channel valley below 
the dam is entirely supercritical flow or KKN should 
be given a value of 2 if the downstream reach is 
divided into two reaches (an upstream reach having 
supercriiical flow and a downstream reach having 
subcritical flow). If KKN-9, a hydrograph is read 
in and then routed through the downstream valley. 

Parameter used to select type of reservoir routing 
for determining outflow hydrograph; if KUI•0, 
storage routing is used; if KUI-P1, dynamic routing 
is used. 

Parameter used to select option for routing 
through multiple reservoirs sequentially located 
downstream of first dam. If one or more dams are 
located downstream of first dam, MULDAM..1, if no 
dams are downstream of first dam, then MULDAMO. 
Any number of downstream sequentially located dams 
may be simulated by letting KKN-1 + no. of 
downstream dams. 

Parameter for printing; users outside of the National 
Weather Service set KDMPfl3. KDMPagO, print only 
title page; KOMP1, title page, abstract, variable 
descriptions; KDMP,•2, same as KDMIll plus input 
data; KDMP'.3, title page plus input data; KOMPM, 
same as KOMP-.2, then stop; if KDM12 5, IOPUT on 
card (4) allowing selective printout of computa-
tions is read-in and KDMP is reset to 3. 
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ITEH Parameter denoting number of hydrograph ordinates of 
inflow hydrograph to reservoir; maximum value of 50 
is allowed; if ITEH=0, the inflow hydrograph is 
generated via a mathematical function. 

NPRT Parameter to control print output for JINK=9, NPRT is 
the total number of cross-sections at which 
hydraulic information is printed-out during dynamic 
routing; if NPRT=0, the program uses a variable 
NPRT computed by the program and prints-out 
hydraulic information at NPRT intervals of cross-
sections along the routing reach. 

KFLP Parameter denoting the use of the special flood-plain 
routing feature; if KFLP-0, the special flood-plain 

' feature is not used; if KFLPel, the special flood-
plain routing is used. 

Parameter denoting simulation of landslide; if KS1.*:), 
no landslide; if KS1,-.1, a landslide occurring along 
one bank of the reservoir is simulated; if KSL=2, 
the landslide occurs along both banks of reservoir. 

NPT(K) - d I 10 Format 

NPT(K) Sequential number of cross-section at which hydraulic 
information is printed-out; this card is omitted if 
NPRT-0; K index goes from 1 to NPRT where NPRT < 30. 

IOPUT(K) - 10 I 1, 2 I 2 Format 

IOPUT(K) Optional print parameter that may override the 
JNK parameter, (card 16). K index goes from 1 to 
12. If I0P1JT(K)=0, allow the output to be printed; 
if IOPUT(K)-wl, suppress the output. The following 
output can be controlled; 

Col 
1 Slope profile plot 
2 Summary tables of input x.s. and reaches 
3 Initial conditions table - flow and 'L 

tables (reversed) 
4 Initial conditions table - backwater 

elevation table (forward) 
5 Dynamic routing - at upstream and downstream 

boundaries 
6 Dynamic routing - at each multiple dam site 

(similar to depletion table) 
7 Summary plots - peak elevation, discharge, 

time to peak, and time to flood elevation 
8 Arrays for selected hydrograph plots 
9 List of input cross-sectional information 
10 Reservoir depletion table 
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Col 
11-12 This value reperesents the time at which 

printing of output will commence. All 
output will be suppressed until this time is 
reach. 

13-14 The interval at which the output will be 
printed. 

Note: This information can only be controlled if the JNK parameter allowed 
it to be printed originally. 

IDAM(K) - 8 I 10 Format 

IDAM(K) Number of cross-section coincident with the upstream 
face of each dam; K index goes from 1 to MULDAM. 
This parameter is only read-in when the simultaneous 
computation of the complete system is desired (see 
note on page A-21 for further information on the use 
of this computational option). 

SA(K) - 8 F 10.0 Format 

SA(K) Surface area (acres) or volume (acre-ft) of reservoir 
at elevation RSA(K). If KUI-.1 and KKNII or KKN-9, 
omit card (6). Maximum of 8 values allowed. 

EISA(K) - 3 F 10.0 Format 

HSA(K) Elevation (ft) at which reservoir surface area SA(K) 
is defined; elevation is referenced to a datum plane 
corresponding to mean sea level (m.s.1.). If KUI..1 
and KKN*1 or KK1P•9, omit card (7). Elevations start 
at highest and proceed to lowest. Maximum of 8 
values allowed. Lowest elevation must be YBMIN as 
defined on card (8). 

 RIM, YO, Z, YBMIN, BB, TF11, DATUM, VOL - 8 F 10.0 Format 

!ELM Length (mi) of reservoir. 
YO Elevation (ft) of water surface in reservoir when 

computation commences; elevation is referenced to 
1.8.1. datum. 

Side slope (1:vertical to z:horizontal) of breach. 
YBMIN Lowest elevation (ft) that bottom of breach reaches; 

elevation is referenced to m.s.l. datum. 
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BB Width (ft) of base of breach. 
TFH Time (hr) from beginning of breach formation until it 

reached its maximum size. 
DATUM Elevation (m.s.l.) of bottom of dam. 
VOL Parameter indicating if SA(K) is surface area (acres) 

or volume (acre-ft); if V0L=0.0, SA(K) is acres; if 
V0L=1.0, SA(K) is acre-ft. 

HF, HD, HSP, HGT, CS, CG, COO, QT- 8 F 10.0 Format 

liF Elevation (ft) of water when failure of dam commences; 
elevation is referenced to m.s.l. datum; if HF is 
less than HD, the breach is formed by "piping." 

HD Elevation (ft) of top of dam; elevation is referenced 
to m.s.l. datum. 

Elevation (ft) of uncontrolled spillway crest; 
elevation is referenced to m.s.l. datum. 

HGT Elevation (ft) of center of gate openings; elevation 
is referenced to m.s.l. datum. 

CS Discharge coefficient for uncontrolled spillway; it is 
equal to the coefficient of discharge (2.6-3.2) 
times the length (ft) of the spillway. 

CG Discharge coefficient for gate flow; it is equal to 
the coefficient of discharge (0.60-0.80) times the 
area of gates. 

COO Discharge coefficient for uncontrolled weir flow over 
the top of the dam; it is equal to the coefficient 
of discharge (2.6-3.2) times the length of the dam 
crest (ft) less the length of the uncontrolled 
spillway and gates. 

QT Discharge (cfs) through turbines; this flow is assumed 
constant from start of computations until the dam is 
completely breached; thereafter, QT is assumed to be 
zero. QT may also be considered leaking or constant 
spillway flow. 

Note: Omit cards (8) and (9) if KKlin9. 

QSPILL(K,L) - 8 F 10.0 Format 

QSPILL(K,L) Flow (cfs) of spillway or gate rating curve; K goes 
from 1 to maximum of 8; L goes from 1 to MULDAM 
(card (2)) which may be a maximum of 10; if 
MULDAM..0, L goes from 1 to 1. 
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HEAD(K,L) — 8 F 10.0 Format 

HEAD(K,L) Head (ft) above spillway crest or gate center; head is 
associated with spillway flow or gate flow in rating 
curve; K goes from 1 to maximum of 8; L goes from 1 
to MULDAM. 

Note: Repeat cards 10-11 as L index goes from 1 to MULDAM. If 4ULDAMa0, L 
index goes from 1 to 1. 

Note: Cards (10) and (11) are read—in only if either HS? is non—zero and CS 
is zero, or HGT is non—zero and CG is zero. This option allows a 
rating curve to be used for either the uncontrolled spillway or 
submerged gate rather than an equation for each using a constant 
discharge coefficient as in Eq. (17). 

DH!, TEH — 2 F 10.0 Format 

UHF Interval (hr) between QI(K) input hydrograph 
ordinates; enter 0.0 if intervals are not equal. 

TER Time (hrs) from beginning of routing until routing is 
terminated. 

QO, RHO, GAMA, TPG — 4 F 10.0 Format 

QO Initial steady discharge (cfs). 
RHO Ratio of peak flow to initial flow of inflow 

hydrograph. 
GAMA Ratio of time from initial steady flow to center of 

gravity of inflow hydrograph to time to peak of 
inflow hydrograph. 

TPG Time from initial flow to peak flow of inflow (hr). 

Note: Omit card 13 if ITEH (card 2) is nonzero. 
If card 13 is included, then omit cards (14) and (15). 

QI(K) — 8 F 10.0 Format 

QI(K) Inflow (cfs) at upstream end of reservoir for each 
interval of time during the failure and until time 
TEH is reached; K goes from 1 to ITEH which can 
assume a maximum value of 50; if ITEHO, omit this 
card. 
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TI(K) - 8 F 10.0 Format 

TI(K) Time associated with Q/(K) inflows; if DHF (card 12) 
is non-zero, or if ITER (card 2) is equal to zero, 
omit this card, K goes from 1 to ITER. 

NS, NCS, wrr, JNK, KSA, KSUPC, LQ, KCG - 8 I 10 Format 

NS Number of cross-sections used to describe the channel 
and valley downstream of dam; first erase-section 
should be immediately downstream of dam; Last cross-
section should be at farthest point downstream of 
dam where flood information is desired; other cross-
sections can be located as desired by user; maximum 
of 90 and minimum of 2 cross-sections can be user; to 
describe the downstream channel valley. 

NCS Maximum numer of top widths used to describe a cross-
section. 

NTT Total number of cross-sections at which discharge 
hydrographs will be plotted; maximum number is 
limited to 6. The location of the cross-sections at 
which plots are provided is specified by the 
parameter NT(K), which is on card (17). If NTT-O, 
no plots are provided. If NTha negative value 
between 1 and 6, the profile plots are suppressed. 

JNK Parameter to specify the type of output other than 
plots which will be provided; if JNK-.0, a minimum of 
output is provided--this includes all input data and 
hydrograph plots; if NTT•0, no hydrographs or other 
output printed; if JNK.41, reservoir depletion table 
printed, profile of downstream crests and times, and 
designated hydrographs; if JN10.4, additional 
information is printed at each time step for 
debugging; if INK-9, information is printed for 
debugging. 

KSA Parameter to enable downstream channel-valley cross-
sections to be specified by a surface area vs. 
elevation table similar to the SACK) and RSA(K) 
values described above; if KSA-.1, downstream 
channel-valley cross-sections will be described by 
input data consisting of a single table of surface 
area vs. elevations as indicated for cards (24) and 
(25); if KSA-0, this option is not used. 

Also, a parameter to indicate type of cross section 
smoothing. If KSA<O, then smoothing of cross 
sections will be automatically performed. Type of 
smoothing is specified on card (18). 
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Note: Card (19) is read-in for each Kth smoothing reach as K goes from 1 to 
NSMR. 

Omit cards 18 and 19 if KSA - 0 (card 16) Note: 

  

XSL(I), XSR(I) - 4 F 10.0 Format 

Location (ml) of cross-sections used to describe down- 
stream channel-valley; mileage must increase in the 
downstream direction from dam. If KFLP=1 (card (2)), 

measured along center of channel. 
at which flooding commences; may 

if KFLP=1, XSL(I) is the 
the Ith  cross-section along 
ream) flood-plain. 
if KFLE

t"
-1, XSR(I) is the 

the I cross-section along 

(20) XS(I), FSTG(I), 

XS(I) 

FSTG(I) 

XSL(I) 

XSR(I) 

XS(I) is mileage 
Elevation (m.s.1.) 

be left blank. 
If KFLP=0, leave blank; 

mileage ( location) of 
the left (looking upst 

If KFLP=0, leave blank; 
mileage ( location) of 
the right flood-plain. 

HS(K,I) - 8 F 10.0 Format 

HS(K,I) Elevation (ft), referenced-to m.s.l. datum, corre-
sponding to each top width (BS(K,I)) on card (22) 
used to describe cross-section; K goes from 1 to 
NCS; NCS values of HS(K,I) are punched on a single 
card. NCS is limited to a maximum of 8. Start with 
lowest HS and proceed to highest value of HS. 

BS(K,I) - 8 F 10.0 Format 

BS(K,I) Top width (ft) of active flow portion of channel-
valley cross-section corresponding to each elevation 
HS(K,I); K goes from 1 to NCS; NCS values of BS(K,I) 
are punched on a single card; NCS is limited to 
maximum of 8. This card is omitted if KSA=1. 

BSL(K,I) - 8 F 10.0 Format 

BSL(K,I) Top width (ft) of active flow portion of left flood-
plain corresponding to each elevation HS(K,I); K 
goes from 1 to NCS; NCS values of BSL(K,I) are 
punched on a single card; NCS is limited to a 
maximum of 8. This card is omitted if KFLP=0 
(card (2)). 
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BSR(K,I) - 8 F 10.0 Format 

BSR(K,I) Top width (ft) of active flow portion of right flood-
plain corresponding to each elevation HS(K,I). This 
card is omitted if KFLP-i0. 

BSS(K,I) - 8 F 10.0 Format 

BSS(K,I) Top width (ft) of off-channel storage portion of 
channel-valley cross-section corresponding to each 
elevation HS(K,I); K goes from 1 to NCS; NCS values 
of BSS(K,I) are punched on a single card; NCS is 
limited to maximum of 8; this card is omitted if 
KSA..1 (card (16)). 

DSA(K,I) - 8 F 10.0 Format 

DSA(K,I) Surface area (acres) of active flow portion of down-
stream channel-valley cross-section corresponding to 
each elevation HS(K,I); K goes from 1 to NCS; NCS 
values of DSA(K,I) are punched on a single card; NCS 
is limited to maximum of 8; this card is omitted if 
KSA < 0. 

SSA(K,I) - 8 F 10.0 Format 

SSA(K,I) 

Note: Cards (20)-(25) 
goes from 1 

When KSAmi1, the 
(20), (21); 

Surface area (acres) of off-channel storage portion of 
channel valley cross-section corresponding to each 
elevation HS(K,I); K goes from 1 to NCS; NCS values 
of SSA(K,I) are punched on a single card; NCS is 
limited to maximum of 8; this card is omitted if KSA-.0. 

are repeated for each cross-section as in the index I 
to P. 
cards are read-in as follows: (20), (21), (26), (27), 
this option is limited to the case of NS-2. 

(28) CM(K,I) - 8 F 10.0 Format 

CM(K,I) Manning n for channel corresponding to each elevation 
HS(K,I); K goes from 1 to NCS: NCS values of 
CM(K,I) are punched on a single card; NCS is limited 
to maximum of 8; the Manning n represents the 
roughness enountered by the flow through the reach 
bounded by cross-sections at locations I and I+1. 
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(29) CML(K,I) - 8 F 10.0 Format 

CML(K,I) Manning n for left flood-plain corresponding to each 
elevation HS(K,I); K goes from 1 to NCS; NCS values 
of CM(K,I) are punched on a single card; NCS is 
limited to a maximum of 8. This card is omitted if 
KFLP=0 (card 2). 

CMR(K,I) - 8 F 10.0 Format 

CMR(K,I) Manning n for right flood-plain corresponding to each 
elevation HS(K,I). This card is omitted if KFLP=0. 

Note: Cards (28, 29, 30) are repeated for (NS-1) reaches. 

DXM(I) - 8 F 10.0 Format 

DXM(I) Minimum Ax distance (oil) between cross-sections used 
in the computations. If DXM(I) is less than the 
distance between two adjacent cross-sections among 
the NS cross-sections read in, then intermediate 
cross-sections are created within the program via an 
interpolation procedure. (NS-1) values of DXM(I) 
are punched on one or more cards (8 values to a 
card); maximum no. of DXM(I) values is limited to 
89; values assigned to DXM(I) should not result in 
more than 200 cross-sections produced by the 
interpolat:on procedure. (DXM values should be 
determined by the relationship C times At, where C 
is the approximate speed of the flood wave.) 

FKC(I) - 8 F 10.0 Format 

FKC(I) Contraction-expansion coefficient; contraction values 
vary from 0.1 to 0.3, expansion values vary from 
-0.5 to -1.0; if contraction-expansion effects are 
negligible, enter 0.0 for FKC(I); (NS-1) values of 
FKC(I) are punched on one or more cards (8 values to 
a card); maximum no. of FKC(I) values is limited to 
89. 
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(33) QMAXD, QLL, DTHM, YDN, SOH, Fit, EPSY, TFI - 8 F 10.0 Format 

QMAXD Estimated maximum discharge (cfs) at downstream 
extremity of channel-valley reach; can be read ir 
as 0.0 for initial run; subsequent runs can have 
a value of QMAXD as determined by the routing 
computations during the initial run. Only 
required when QLL is non-zero. 

QLL Maximum lateral outflow (cfs/ft) producing the 
volume losses experienced by the passage of the 
dam-break flood wave through the downstream 
valley; QLL has a negative sign and is computed 
by Eq. (63) in paper. 

DTHM Initial At time step size (hr); if 0.0 is read in, 
the value of DTHM is computed by the program; if 
DTHM<0.0, DTHM represents the divisor MDT for 
determining the time step (DTH-TFH/MDT) and DTHM 
is reset to zero. See note on page A-23. 

YDN Initial elevation of water surface at downstream 
end of routing reach; if channel control exists 
at this location, enter 0.0; YDN is non-zero if a 
dam or other control structure exists at the 
downstream end of the routing reach; if YDN-.0.25, 
a single value rating curve of water surface 
elevation (m.s.1.) vs. discharge exists at down-
stream end; if YDN-0.5, critical flow such as 
waterfall exists at downstream end; if YDNs0.75, 
a specified water surface elevation (m.s.1.) such 
as a tide exists at the downstream end; if 
YD4a.1.0, channel control exists at downstream 
end, but this signals the program that initial 
water surface elevations will be read-in at the 
NS cross-sections via card (48). 

SOM Slope of downstream channel (ft/mi) for first mile 
below dam. 

Fit Theta (0) weighting factor in finite difference 
solution; if left blank, a value of 0.60 is used 
in program; if 0.5 is used, 0 is set internally 
to 0.60 and the model is capable of allowing 
negative flows to occur; if 0.51 is used, 0 is 
set internally to 0.60 and the model routing is 
done by the diffusion method instead of dynamic 
routing. 

EPSY Convergence criterion for stage (ft) in Newton-Raphson 
iterative solution of finite difference unsteady 
flow equations; varies from .01 to .1 It; if left 
blank, program use 0.01 ft. Also, can be used to 
specify the exponent m used in Eq. 65 in the 
paper; if EPSY<0.50, ma.4; if EPSY>0.5, rEPSY and 
EPSY is automatically set to 0.01. 

TFI Time (hr) when time step changes from DTHM to 
TFH/MDT. See time step note on page A-23. 

27 



(34) NPLD - I 10 

NPLD Number of last floodplain compartment on same side of 
river where first floodplain compartment (FPC) is 
located; if no flow is transferred from one FPC to 
an ,diacent FPC, let NPLD-0. Omit this card if 
KCG-0. 

NPXI(K), NQLP(K), PWELV(K), PCWR(K), PEO(K), QMINP(K) - 2 I 10, 4 F 10.0 

NPXI(K) Number of cross section immediately upstream of Ax 
reach where inflow to Kth FPC occurs. 

NQLP(K) Parameter indicating if pump discharge within the Kth  
FPC will be specified by a discharge hydrograph; 0 
if no, 1 if yes. 

PWELV(K) Average elevation (ft. =1) of cresh of weir (levee) 
along Ox reach where inflow to Kt  FPC occurs. 

PCWR(K) Coefficient of discharge for weir flow along Ax reach 
where inflow to Kth FPC occurs; ranges in value 
from 2.6 to 3.2. 

PEO(K) Initial elevation (ft. msl) of water surface in Kth  
FPC at time O. 

QMINP(K) Minimum discharge (cfs) of total number of pumps in 
Kth FPC at all times. 

PSA(I,K) - 8 F 10.0 

PSA(I,K) Total volume (acre-ft) of Kth  FPC below each 
elevation (PEL(I,K)); I index goes from 1 to 8. 

PEL(I,K) - 8 F 10.0 

PEL(I,K) Elevation (ft. ms1) associated with each volume 
(PSA(I,K); elevations start at the lowest and 
proceed to the highest; I index goes from 1 to 8; 
last specified elevation should be greater than any 
expected water elevation within the FPC. 

QPU(I,K) - 8 F 10.0 

QPU(I,K) Inflow (cfs) to Kth  FPC other than that transmitted 
over the weir (levee) from the main river; I index 
goes from 1 to ITEM (card no. 2). 
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QLP(I,K) - 8 F 10.0 

QLP(I,K) Specified total pump discharge (cfs) for Kth  FPC; I 

index goes from I. to ITEH (card no. 2); omit this 
card if NOLP(K)s0. 

COFF(I,K) - 8 F 10.0 

COFF(I,K) Coefficient of discharge for flow over levee 
separating the Kth  and Kth+1 FPC; coefficient is 
product of the broad-crested weir coefficient (2.6 
to 3.2) and the length (Et) of the weir crest; the 
coefficient varies with elevation (HCFF(II,K)); I 

index goes from 1 to 8; omit this card if NPLDO. 

HCFF(I,K) - 8 F 10.0 

HCFF(I,K) Elevation (ft. Iasi) associated with the discharge 
coefficients (COFF(I,K)); elevations start at the 
lowest point along the levee crest and proceed 
upward; I index goes from 1 to 8; omit this card if 
NPLDs0. 

Note Omit card no. 34 to 45 if KCG-0; otherwise repeat card no. 33 to 
41 as K index goes from L to ABS(KCG). 

NPH - I 10 

NPH Total number of pumps in all the FPC. 

Note> Omit card no. 43 to 45 if NPM0. 

IPMPL(L), NXPO(L), PEHN(L), PEMX(L) - 2 I 10, 2 F 10.0 

IPMPL(L) Number of the Kth  FPC in which the Lth  pump is 

located. 
NXPO(L) Number of the cross section immediately upstream 

of Ax reach where the L
th pump discharges into main 

river. 
PEMN(L) Elevation (ft. mat) of water in K

th FPC when Lth pump 

starts pumping. 
PEMX(L) Elevation (ft. msl) of water in Kth  FPC when Lth pump 

stops pumping. 
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DHP(I,L) — 8 F 10.0 

DHP(I,L) Head (ft) associated with Lth pump rating curve; I 
index goes from 1 to 8; head starts at smallest and 
proceeds to greatest; negative head may be 
specified. Omit this card if NQLP(K)=0. 

OP(I,L) — 8 F 10.0 

OP(I,L) Pump discharge (etc) associated with Lth  pump rating 
curve; I index goes from 1 to 8; each value is 
associated with its corresponding DHP(I,L) value. 
Omit this card if NQLP(K)=0, 

Note Repeat card no. 43 to 45 as L index goes from 1 to NPM. 

LQX(K) — 8 I 10 Format 

LQX(K) Number of cross—section immediately upstream of 
lateral inflow/outflow; K goes from 1 to LQ (card 
(16)). If LQX(K) is specified as a negative 
number, this indicates that the reach may have 
outflow via broad—crested weir flow. 

QL(L,K) — 8 F 10.0 Format 

QL(L,K) Lateral inflow (cfs) for kth  lateral inflow point; 
L index goes from 1 to ITEH (card (2)); ordinates 
of lateral inflow hydrograph have same times as 
those of reservoir inflow hydrograph (QI(L)) on 
card (14)); K index goes from 1 to LQ. 

If LQX(K) is negative, two values only are specified 
on card (47) according to a 2 F 10.2 format. The 
first (WELV(K)) is the crest elevation (msl) at 
which overflow occurs (this represents the average 
crest elevation along the reach). The second 
(CWR(K)) is the discharge coefficient ranging in 
value from 2.6 to 3.2 with 3.0 a most common value. 

Note: Omit cards (46) and (47) if LQ=0 (on card no. 16). 
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YD(I) - 8 F 10.0 Format 

YD(I) Initial water surface elevations (m.s.1.) along 
routing reach; this is used only if YDN=1.0; if 
YDN*1.0, omit this card and program computes the 
initial water surface elevations. 

RH(K) - 8 F 10.0 Format 

RH(K) Elevation (m.s.1.) points on single value rating 
curve for downstream boundary, read in only if YDN 
(card no. 33) = 0.25; K index goes from 1 to 
maximum of 8. 

9.0(K) - 8 F 10.0 Format 

RQ(K) Discharge (cfs) associated with elevation points on 
single value rating curve for downstream boundary, 
read in only if YDN=0.25. 

STN(K) - 8 F 10.0 Format 

STN(K) Specified water surface elevation (m.s.1.) at down-
stream boundary such as a tide; K goes from 1 to 
ITEM, read in only if YDN=0.75. 

TTN(K) - 8 F 10.0 Format 

TTN(K) Time (hrs) associated with STN(K); K goes from 1 to 
ITEH, read in only if YDN=0.75. 

NSLI - I 10 Format 

NSLI Total no. of cross-sections (read-in) where land-
slide occurs; maximum no. allowed is 6; also 
maxilrum total cross-sections (including interpo-
lated ones created by OXM values on card (31)) is 
limited to 31; omit if KSL=0 (card (2)). 
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(54) NXSLI(K), TSL, HSL(K), HSM(K), HSU(K), THKSL(K), ALPHA, POR - 
I 10, 7 F 10.2 Format 

NXSLI(K) Sequential number of cross-section where landslide 
occurs; K index goes from 1 to NSLI. 

TSL Time of duration for landslide (usually in the 
range of 15 seconds to a few minutes); unit must 
be in hrs. 

HSL(K) Elevation (ft above m.s.1.) of lowest portion of 
landslide mass; K goes from 1 to NSLI. 

HSM(K) Elevation (ft above m.s.1.) of middle portion of 
landslide mass--at this elevation, the landslide 
mass has the greatest thickness into the bank; K 
goes from 1 to NSLI. 

HSU(K) Elevation (ft above m.s.1.) of highest portion of 
landslide mass, K goes from 1 to NSLI. 

THKSL(K) Greatest thickness (depth into the bank) in ft of 
the landslide mass at elevation HSM(K); K goes 
from 1 to NSLI. 

ALPHA Angle of repose that deposited material from the 
landslide assumes in the bottom of the reservoir, 
in degrees. 

POR Porosity of landslide material, decimal fraction. 

Note: Omit cards (53) and (54) if KSL=0. 

Note: Card (54) is repeated for each K as it goes from 1 to NSLI. 

ICG(K) - 8 I 10 Format 

ICG(K) Parameter indicating if a dam has time-dependent 
gate flew; if yes, ICG(K)-1; if no, ICG(K)=0; 
K goes from 1 to 41, where M=MULDAM if MULDAM>1 
and M1 if M1JLDAMs0. 

CGCG(L,K) - 8 F 10.0 Format 

CGCG(L,K) Spillway gate coefficient equal to area of gates 
(opened at time TCG(L,K)) x coefficient of 
discharge; L goes from 1 to KCG (see card 16); 
and K goes from 1 to the total number of dams 
having time-dependent gate control. 
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GBL(L,K) — 8 F 10.0 Format 

GBL(L,K) Distance (ft) from bottom of gate to gate sill 
(HGT—card(9)); This distance is time dependent 
and is associated with the time array TCG(L,K); L 
and K index are same as described on card (56). 

TCG(L,K) — 8 F 10.0 Format 

TCG(L,K) Time (hrs) associated with CGCG(L,K); L goes from 
1 to KCG; and K goes from 1 to the total number 
of dams having time—dependent gate control. 

Note: Omit cards (55), (56, (57), and (58) if KCGa0 (on card no. 16). 

Z, '(SHIN, BB, TFH — 4 F 10.0 Format 

Side slope (1:vertical to z:horizontal) of breach 
of downstream dam. 

YBMIN Lowest elevation (ft) that bottom of breach reaches; 
elevation is referenced to m.s.l. datum. 

BB Width (ft) of base of breach of downstream dam. 
TFH Time (hr) from beginning of breach formation of 

downstream dam until it reaches its maximum size. 

RE, RD, HSP, HGT, CS, CG, COO, QT — 8 F 10.0 Format 

HF Elevation (ft) of water when failure of downstream 
dam commences; elevation is referenced to m.s.l. 
datum. 

HD Elevation (ft) of top of downstream dam; elevation 
is referenced to m.s.l. datum. 

ASP Elevation (ft) of uncontrolled spillway crest; 
elevation is referenced to m.s.l. datum. 

RGT Elevation (ft) of center of gate openings; elevation 
is referenced to m.s.l. datum. 

CS Discharge coefficient for uncontrolled spillway; it 
is equal to the coefficient of discharge (2.6-3.2) 
times the length (ft) of the spillway. 

CG Discharge coefficient for gate flow; it is equal to 
the coefficient of discharge (0.10-0.80) times 
the area of gates. 

Co Discharge coefficient for uncontrolled weir flow 
over the top of the downstream dam; it is equal 
to the coefficient of discharge (2.6-3.2) times 
the length of the downstream dam crest (ft) less 
the length of the uncontrolled spillway and gates. 
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QT Discharges (cfs) through turbines; this flow is 
assumed constant from start of computations until 
the downstream dam is completely breached; there-
after QT is assumed to be zero. 

QSPILL(K,1) - 8 F 10.0 Format 

QSPILL(K,1) Flow (cfs) of spillway or gate rating curve; k goes 
from 1 to maximum of S. 

HEAD(K,1) - 8 F 10.0 Format 

HEAD(K,1) Head (ft) above spillway crest or gate center; head 
is associated with spillway flow or gate flow in 
rating curve. 

Note: Cards (61) and (62) are read-in only if either HSP is non-zero and CS 
is zero or HGT is non-zero and CG is zero. This option allows a 
rating curve to be used for either the uncontrolled spillway or 
submerged gate rather than an equation for each using a constant 
discharge coefficient as in Eq. (17). 

UPSH, SOM, CMN - 3 F 10.0 Format 

UPSH Dummy variable, leave blank. 
SOM Slope of downstream channel (ft/mi) for first few 

miles below dam. 
CMN Average Manning's n for downstream channel for 

first few miles below dam. 

Note: Cards (59-63) are omitted if KUI-0 and MULDAM=0 or if KKN=9. 

Note: If KUI.P1 and dynamic routing is used for the reservoir routing 
procedure, cards (6) and (7) are omitted and cards (8)-(58) 
and (51) apply to the reservoir characteristics. Then, cards 
(16)-(58) are read in again; this time they apply to the 
downstream channel and valley. 

Note: If KKN-9, only a downstream routing is used to route a read-in 
hydrograph (cards (12)-(15)). Also, cards (16)-(25) and (28)-
(58) are required. 
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Note: The program has the capability of simulating a total of 12 different 
cases. These are outlined as follows: 

Option 1: Reservoir storage routing to compute outflow 
hydrograph from reservoir with subcritical dynamic 
routing of outflow hydrograph through entire length 
of downstream valley--KUIa0, 

KSUPCaO, MULDAMO. 
Input data cards—I-4, 6-58. 

Option 2: Reservoir storage routing to compute outflow 
hydrograph from reservoir with supercritical 
dynamic routing of outflow hydrograph through 
entire length of downstream valley--KUI...0, 

KSUPC...1, MULDAMO. 
Input data cards--1-4, 6-58. 

Option 3: Reservoir storage routing to compute outflow 
hydrograph from reservoir with supercritical 
dynamic routing of outflow hydrograph through 
upstream portion of downstream valley and 
subcritical dynamic routing through downstream 
portion of downstream valley—Kilian:4 KICNam2, 
KSUPCal, MULDANO. 
Input data cards--1-4, 6-52, 16-58. 

Option 4: Same as Option 1 except reservoir dynamic routinz 
to compute outflow hydrograph from reservoir--
KUI1, KKIfr2, KSUPCsO, MULDAMO. 
Input data cards--I-4, 8-58, 63, 16-52. 

Option 5: Same as Option 2 except reservoir dynamic routing 
to compute outflow hydrograph from reservoir—
Kilt-I, K1CN2, KSUPCfl1, MULDAM.80. 
Input data cards--I-4, 8-58, 63, 16-52 

Option 6: Same as Option 3 except reservoir dynamic routing 
to compute outflow hydrograph from reservoir-- 

KKN3, KSUPCsI, MULDAM•0. 
Input data cards-1-4, 8-58, 63, 16-52, 16-52. 

Option 7: Subcritical dynamic routing of input hydrograph 
through a channel-valley--KUIO, K101..9, KSUPCO, 
MULDAMe0. 
Input data cards—I-4, 12-52. 
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Option 8: Supercritical dynamic routing of input hydrograph 
through a channel-valley--KUI=0, KKN=9, KSUPC=1, 
MULDAM=0. 
Input data cards-1-4, 12-52. 

Option 9: Reservoir storage routing to compute outflow hydro- 
"Sequential graph from reservoir with subcritical dynamic 
Method" routing of outflow hydrograph through downstream 

channel-reservoir having a dam which may fail--
KUI=0, KKN=2, KSUPC=0, MULDAM=1. 
Input data cards--1-4, 6-63, 16-63, ... 16-52. 

Option 10: Reservoir dynamic routing to compute outflow hydro- 
-Sequential graph from reservoir with subcritical dynamic 
Method" routing of outflow hydrograph through downstream 

channel-reservoir having a dam which may fail--
Kilt-1, KKN-3, KSUPC=0, MULDAM=1. 
Input data cards--1-4, 8-58, 63, 16-63, ... 16-52. 

Option 11: Simultaneous computation method for single dam or 
Simultaneous bridge (structure) using dynamic routing in the 
Method" reach upstream of the structure and downstream of 

the structure with special internal boundary 
conditions for flow thru the structure—Kill-1, 
KKN=1, MULDAM=1, KSUPC=0. 
Input data cards--1-5, 8-11, 12-58. See note on 
page A-2I for input variables for bridge and 
embankment. 

Option 12: Simultaneous computation method for multiple dams 
iimultaneous and/or bridges (structures) using dynamic routing 
Method" for all reaches with special internal boundary 

conditions for flow thru each structure--Kill=1, 
KKN-I, MULDAM=no. of dams and/or bridges, KSUPC-0. 
Input data cards--1-5, 8-11, 8-11, 8-11, ... 
12-58. See note on page A-21 for input variables 
and embankments. 
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5.0 INPUT DATA PREPARATION FOR EXAMPLE PROBLEM 

A typical example of preparing data for DAMBRK 

programme is presented herein for simulating the Machhu-II 

dam failure which occurred in Gujarat on 11th August 1979. The 

input is prepared for executing option-1 of the programme. 

This option envisages reservoir storage routing to compute 

outflow hydrograph from reservoir with supercritical dynamic 

routing of outflow hydrograph through entire length of 

downstream valley with the following considerations: 

Reservoir routing for determining outflow hydrograph 

(KUI=0) 

Subcritical flow consideration in the entire down 

stream channel valley reach (KSUPC =0 and KKN=1) 

There is no dam(s) existing below the dam under 

consideration (MULDAM =0) 

The serial number of input cards required for this option 

are 1-4 and 6-58. The description of each of the data card 

used in the input data preparation is given herein. However, 

the manner in which each individual variable value has been 

arrived for Machhu-II dam failure problem is not brought out 

in this technical note and presented in the case study report 

of Machhu-II dam failure simulation using DAMBRK programme. 
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INPUT DATA STRUCTURE PREPARED FOR 
MACHHU-II DAM FAILURE PROBLEM 

Input Card group ND. 
group No. 

Card NO. Col.NO. Variable Value 

(1) (TITLE CARD)  1-20 MDAM MACHHU DAM-II 
21-40 MRVR MACHHU RIVER 
41-60 ?NAME 

 1-40 MESAGE NATIONAL INSTITUTE 
OF HYDROLOGY 

41-72 MESAGE ROOREEE-247667(UP) 

(2) (INPUT courmaL 1-10 KEN 1 
PROGRAME CARD) 11-20 RUT 0 

21-30 MULDAM 0 
31-40 KEMP 3 
41-50 ITEH 27 
51-60 NPRT 0 
61-70 EFLP 0 
71-80 ESL 0 

(3) 

(4) 

(5) 

- NCT USED - 

- NCT USED - 

NCT NECESSARY FOR THIS OPTICN 

(6) (RESERVOIR VOLUME (i) 1-10  177915 (C-ft) 
CARD) 11-20  158402 (AC-ft) 

21-30  128318 (AC-ft) 
31-40  60026 (AC-ft) 
41-50  38092 (AC-ft) 
51-60  21359 (Ac-ft) 
61-70  92 (Pc-ft) 
71-80  0.0(AC-ft) 

(7) (RESERVOIR ELEVATION (i) 1-10 HSA(1) 198.50 ft 
CARD) 11-20 HSA(2) 197.00 ft 

21-30 HSA(3) 194.00 ft 
31-40 HSA(4) 184.00 ft 
41-50 HSA(5) 178.00 ft 
51-60 HSA(6) 170.00 ft 
61-70 HSA(7) 155.00 ft 
71-80 HSA(8) 130.00 ft 

(8) (RESERVOIRS. &-BREACH 1-10 RIM 4.30 miles 
PARAMETER'S CARD) 11-20 YO 198.50 ft 

21-30 fi 0.03 
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31-40 
41-50 
51-60 
61-70 
71-80 

YBMIN 130.00 ft 
BB 1036.00 ft 
TFH 1.00 hr 
DATUM 130.00 ft 
VOL 1 

(9) (RESERVOIRS & BREACH (i) 1-10 HF 198.50 ft 
PARAMETERS) 11-20 HD 197.00 ft 

21-30 HSP 168.00 ft 
31-40 HOT 0.00 
41-50 CS 0.00 
51-60 QG 0.00 
61-70 CDO 27055 
71-80 QT 0.00 

(10) (SPILLWAY RATING (i) 1-10 OSPILL(1,1) 229217 cfs 
CURVE CARD) 11-20 QSPILL(2,1) 205069 cfs. 

21-30 QSPILL(3,1) 184780 cfs 
31-40 QSPILL(4,1) 160690 cfs 
41-50 QSPILL(5,1) 103149 cfs- 
51-60 WPILL(6,1) 63751 cfs 
61-70 QSPILL(7,1) 17190  cfs 
71-80 QSPILL(8,1) 0 cfs 

(11) (i) 1-10 HEAD(1,1) 0.0 ft 
11-20 HEAD(2,1) 4.0 ft 
21-30 HEAD(3,1) 10.0 ft 
31-40 HEAD(4,1) 14.0 ft 
41-50 HEAD(5,1) 21.0 ft 
51-60 HEAD(6,1) 24.0 ft 
61-70 HEAD(7,1) 27.0 ft 
71-80 HEAD(8,1) 30.5 ft 

(12) (i) 1-10 Dal 2.00 hr 
11-20 TEH 52.00 hr 

(13) NOT NECESSARY AS VARIABLE ITEM (CARD 2) IS 
NON ZERO 

(14) 1-10 QI(1) 464000 cfs 

11-20 QI(2) 420000 cfs 

21-30 QI(3) 350000 cfs 

31-40 QI(4) 276000 cfs 

41-50 QI(5) 194000 cfs 

51-60 QI(6) 134000 cfs 

61-70 QI(7) 92000 cfs 

71-80 QI(8) 74500 cfs 

(ii) 1-10 QI(9) 58000 cfs 
11-20 QI(10) 42000 cfs 
21-30 QI(11) 30000 cfs 
31-40 QI(12) 20000 cfs 
41-50 QI(13) 10000 cfs 

39 



51-60 QI(14) 4000 cfs 
61-70 QI(15) 2000 cfs 
71-80 QI(16) 2000 cfs 

(iii) 1-10 QI(17) 2000 cfs 
11-20 QI(18) 2000 cfs 
21-30 QI(19) 2000 cfs 
31-40 QI(20) 2000 cfs 
41-50 QI(21) 2000 cfs 
51-60 QI(22) 2000 cfs 
61-70 QI(23) 2000 cfs 
71-80 QI(24) 2000 cfs 

(iv) 1-1U QI(25) 2000 cfs 
11-20 QI(26) 2000 cfs 
21-50 QI(27) 2000 cfs 

(15) ( INFLOWTINE CARD) NOT NECESSARY AS DflP IS NOW ZERO 

(16) (RIVER REACH CROSS (i) 1-10 NS 6 
SECTIONAL PARA 11-20 NCS 8 
METERS CARD) 21-30 NTT 6 

31-40 JNK 4 
41-50 RSA 0 
51-60 KSUPC 0 
61-70 0 
71-80 KOG 0 

(17) (i) 1-10 NT (1) 
11-20 NT (2) 2 
21-30 NT(3) 3 
31-40 NT(4) 4 
41-50 NE(5) 5 
51-60 NT (6) 6 

(18) CMIT.LED 

(19) OMITTED 

(20) (CROSS-SECTIONAL (i) 1-10 XS(1) 0 
VARDEIES) 11-20 FSIG (1) 

21-30 mi., (1) 
31-40 X.9R(1) 

(21) (ELEVATION (OFtRES- (i) 1-10 HS (1,1) 121.15 ft 
PONDING TO TOP 11-20 HS (2,1) 122.11 ft 
hurau CARD) 21-30 HS (3,1) 123.98 ft 

31-40 HS (4,1) 148.1 ft 
41-50 HS (5,1) 158.63 ft 
51-60 HS (6,1) 160.65 ft 
61-70 HS (7,1) 166.98 ft 
71-80 HS (8,1) 168.41 ft 
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 (TOP WIDTH OF (i) 1-10 BS(1,1) 0.0 
ACTIVE FLOW 11-20 BS(2,1) 459.32 ft 
PORTION OF 21-30 BS(3,1) 615.16 ft 
CHANNEL CROSS 31-40 BS(4,1) 1099.08 ft 
SECTION) 41-50 BS(5,1) 1476.4 ft 

51-60 BS(6,1) 3280.8 ft 
61-70 BS(7,1) 5905.00 ft 
71-80 BS(8,1) 6561. ft 

& (24) - CARD GROUP NOS. 23 AND 24 ARE OMITTED WHEN KELP =0 

(TOP WIDTH OF OFF (i) 1-10 BSS(1,1) 0.0 
CHANNEL STORAGE 11-20 BSS(2,1) 0.0 
PORTION) 21-30 855(3,1) 0.0 

31-40 BSS(4,1) 0.0 
41-50 RRS(5,1) 1066.3 
51-60 BSS(6,1) 3445 
61-70 BSS(7,1) 2132.5 
71-80 BRS(8,1) 1804.5 

CARD GROUP NOS. 20,21,22, AND 25 HAVE BEEN REPEATED 10E CROSS-SECTION 
NUMBERS 2,3 ,4,5 AND 6 . THE DATA INPUT FOR THESE CROSS-SECTIONS HAVE 
BEEN PRESENTED IN THE INPUT DATA LISTING 

& (27)- CARD GROUP NOS. 26 AND 27 ARE OMMED WHEN RSAFO 

 (MIMING'S n CARD (i) 1-10 04(1,1) 0.035 
CORRESPONDING TO 11-20 04(2,1) 0.030 
EACH ELEVATION 21-30 04(3,1) 0.03 
OF A GIVEN REACH) 31-40 CM(4,1) 0.03 

41-50 04(4,1) 0.03 
51-60 04(6,1) 0.03 
61-70 04(7,1) 0.03 
71-80 04(8,1) 0.03 

CARD 
FOR 

OTHER FOUR REACHES AND THE DATA INPUT 
IN THE INPUT DATA LISTING 

GROUP NO 28 IS REPEArEu 1 
THESE REACHES HAVE BEEN PRESENTED 

 & (30) - CARD GROUP 1135.29 AND 30 ARE NOT NEEDED WHEN 
EFLP = 0 (CARD GROUP 2) 

(31) (MINIMUM DISTANCE TO (i) 1-10 DXM(1) 0.5 
BE USED IN THE COMPU- 11-20 DM4(2) 0.5 
TATION WITHIN THE 21-30 DEM(3) 0.5 
GIVEN REACH) 31-40 =1(4) 0.5 

41-50 DEWS) 0.5 
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 (CONTRACTION- (1) 1-10 FKC(1) 0.0 
EXPANSION 11-20 FKC(2) 0.0 
COEFFICIENT 21-30 FKC(3) -0.5 
CARD) 31-40 FKC(4) -0.5 

41-50 FKC(5) -0.5 

 (DOWNSTREAM FLOW (i) 1-10 QMAXD 0.0 
PARAMETERS CARD) 11-20 QLL 0.0 

21-30 DIHM 0.0 
31-40 VDN 0.0 
41-50 SOM 7.87 
51-60 THETA 0.0 
61-70 EPSY 0.0 
71-80 TFI 52.0 hr 

TO 
(58) - CARD GRCUP NOS.34 TO 58 ARE NOT NEEDED BECAUSE OF 

VARIOUS OPTIONS CONSIDERED UNTIL CARD GROUP NO.33. 
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94.78 
738.19 

O. 

47.08 
492.13 

O. 

105.07 
1269.69 

O. 

66.72 
853.02 
98.4 

110.27 
1443.60 

0. 

8E411 
1837.27 
574.15 

34.32 37.57 56.78 
354.33 534.78 918.64 

O. 0: 0. 

17.88 22.89 32.48 
170.60 354.30 659.40 

0, O. 0. 

15.59 26,05 
262.47 278.90 

O. Or 
.035 ...035 
.035 .035 
.015 .035 
.03 .03 
.03 .03 
0,5 0.5 
0.0 -0,5 
0.0 0.0 

30.73 
820.20 

o. 
.035 
.035 
.035 
.03 
.03 
0.5 
-0.5 
0.0 

158.63 
1476,40 
1066.30 

123,85 
1919.30 

O. 

88.78 
2575.50 
531.5 

68636 
2378.60 

O. 

160.65 
3200.80 
3445.00 

125.87 
2263.80 

O. 

90.94 
2625.00 
623.40 

71.92 
3608.90 
3412, 

166.98 
5905.50 
2132.50 

127.18 
2657.50 

0. 

93.34 
4265.10 
1148.3 

72.92 
6889.80 
5413. 

INPUT FILE FOR EXAMPLE DAM-BREAK ANALYSIS 

MACHHU DAM-II MACHHU RIVER 
NATIONAL INSTITUTE OF HYDROLOGY 

1 o 0 
177915 158402 128318 
198.5 197 194 
4.3 198.5 .027 

198,5 197.0 168, 
0. 17190. 63751, 103149. O. 410 10. 14. 

52, 
420000 350000 276000 
42000 30000 20000 
2000 2000 2000 
2000 2000 

El 6 
2 3 

123.98 148.18 
615.16 1099.08 

O. Oo 

ROORKEE-247667(U.P) 
27 

38092 21359 7926 O. 
170 170 155 130 1036. 1.0 130. 1. O. 0. 27055. O. 

160690, 184780. 205069. 229217. 
21, 24. 27. 30.5 

194000 
10000 
2000 

168.41 
6561.70 
1804.50 

131.00 
2706.70 
9842.5 

101,12 
4921.30 
7053.8 

3 
60026 

184 
130, 

O. 

2. 
464000. 
58000, 
2000. 
2000. 

6 
1 

0. 

4 
4 

121.15 
D. 
O. 

5.813 
86.81 

O. 
O. 

10.81 
44.59 

O. 
O. 

15.81 
27.73 

O. 
O. 

20.69 
17.69 

O. 
0. 

24.63 
2.91 

O. 
O. 

.035 

.035 

.035 
.03 
.03 
0.5 
0.0 
0.0 

122.11 
459.32 

O. 

134000 92000 74500 
4000 2000 2000 
2000 2000 2000 

0- 
6 

40.78 
1141.70 

O. 

32.48 
11811.00 

.035 

.035 

.035 
.03 
.03 
0.5 
-0•5 
7.87 

45.15 
2625,00 

610, 

32.81 
22966.0 

O. 
.035 
c035 
.035 
.03 
.03 

0.0 0.0 o. 

48.'35 
7874.00 
1509, 

34,45 
26247.0 

36.09 
29528.0 

O. Oo 
.035 .035 
.035 .035 
.035 .035 
.03 .03 
003 .03 

77.00 
9843.00 
9022. 

52.97 
19685.0 
2625. 
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APPENDIX-I 

DAMBRR MODEL DESCRIPTION 

1.0 INTRODUCTION 

The DAMBRK model attempts to represent the current state-of-the-art 
In understanding of dam failures and the utilization of hydrodynamic 
theory to predict the dam-break wave formation and downstream progres- 
sion. The model has wide applicability; it can function with various 
Levels of input data ranging from rough estimates to complete data 
specification; the required data is readily accessible; and it is 
economically feasible to use, i.e., it requires a minimal computation 
effort on large computing facilities. 

The model consists of three functional parts, namely: (1) descrip-
tion of the dam failure mode, i.e., the temporal and geometrical de-
scription of the breach; (2) computation of the time history (hydro-
graph) of the outflow through the breach as affected by the breach 
description, reservoir inflow, reservoir storage characteristics, spill-
way outflows, and downstream tailwater elevations; and (3) routing of 
the outflow hydrograph through the downstream valley in order to deter-
mine the changes in the hydrograph due to valley storage, frictional 
resistance, downstream bridges or dams, and to determine the resulting 
water surface elevations (stages) and flood-wave travel times. 

DAMBRK is an expanded version of a practical operational model 
first presented in 1977 by (Freed, 1977). That model was 
based on previous work on modeling breached dams (Fread 
and Harbaugh, 1973) and routing of flood waves (Freed, 1974, 1976). 
There have been a number of other operational dam-break models that have 
appeared recently in the literature, e.g., Price, et al. (1977), 
Cundlach and Thomas (1977), Thomas (1977), Keefer and Simons (1977), 
Chen and Dcuffel (1977) Balloffet, et al. (1974), Balloffet (1977), 
Brown and Rogers (1977), Rapt (1978), Brevard and Theurer (1979). 
DAMSRK differs from each of these models in the treatment of the breach 
formation, the outflow hydrograph generation, and the downstream flood 
routing. 

1.1 Breach Description 

The breach is the opening formed in the dam as it fails. The 
actual failure mechanics are not well understood for either earthen or 
concrete dams. In previous attempts to predict downstream flooding due 
to dam failures, it was usually assumed that the dam failed completely 
and instantaneously. Investigators of dam-break flood waves such as 
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Ritter (1892), Schocklitsch (1917), Re (1946), Dressler (1954), Stoker 
(1957), Su and Barnes (1969), and Sakkas and Strelkoff (1973) assumed 
the breach encompasses the entire dam and that it occurs instantane- 
ously. Others, such as Schocklitsch (1917) and Army Corps of Engineers 
(1960), have recognized the need to assume partial rather than complete 
breaches; however, they assumed the breach occurred instantaneously. 
The assumptions of instantaneous and complete breaches were used for 
reasons of convenience when applying certain mathematical techniques for 
analyzing dam-break flood waves. These assumptions are somewhat 
appropriate for concrete arch-type dame, but they are not appropriate 
for earthen dams and concrete gravity-type dams. 

Earthen dams which exceedingly outnumber all other types of dams do 
not tend to completely fail, nor do they fail instantaneously. The 
fully formed breach in earthen dams tends to have an average width 
(b) in the range (hd  < b < 3hA) where hd  is the height of the dam. The 
middle portion of this range rbr b is supported by the summary report of 
Johnson and files (1976). Breach widths for earthen dams are therefore 
usually much less than the total length of the dam as measured across 
the valley. Also, the breach requires a finite interval of time for its 
formation through erosion of the dam materials by the escaping water. 
Total time of failure may be in the range of a few minutes to a few 
hours, depending on the height of the dam, the type of materials used in 
construction, the extent of compaction of the materials, and the extent 
(magnitude and duration) of the overtopping flow of the escaping water. 
Piping failures occur when initial breach formation takes place at some 
point below the top of the dam due to erosion of an internal channel 
through the dam by escaping water. As the erosion proceeds, a larger 
and larger opening is formed; this is eventually hastened by caving-in 
of the top portion of the dam. 

Concrete gravity dams also tend to have a partial breach as one or 
more monolith sections formed during the construction of the dam are 
forced apart by the escaping water. The time for breach formation is in 
the range of a few minutes. 

Poorly constructed earthen dams and coal-waste slag piles which 
impound water tend to fail within a few minutes, and have average breach 
widths in the upper range or even greater than those for the earthen 
dams mentioned above. 

Cristofano (1965) attempted to model the partial, time-dependent 
breach formation in earthen dams; however, this procedure requires  
critical assumptions and specification of unknown critical parameter 
values. Also, Harris and Wagner (1967) used a sediment transport 
relation to determine the time for breach formation, but this procedure 
requires specification of breach size and shape in addition to two 
critical parameters for the sediment transport relation. 

For reasons of simplicity, generality, wide applicability, and the 
uncertainty in the actual failure mechanism, the NWS DAHBRK model allows 
the forecaster to input the failure time interval (T) and the terminal 
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size and shape of the breach (Freed and Harbaugh, 1973). The shape 
is specified by a parameter (z) identifying the side slope of 

the breach, i.e., 1 vertical: z horizontal slope. The range of z values 
is: 0 4 z 4 2. Rectangular triangular, or trapezoidal shapes may be 
specified in this way. For example, 2=0 and b>0 produces a trapezoidal 
shape. The final breach size is controlled by the z parameter and 
another parameter (b) which is the terminal width of the bottom of the 
breach. As shown in Fig. 1, the model assumes the breach bottom width 
starts at a point and enlarges at a linear rate over the failure time 
interval Cr) until the terminal width is attained and the breach bottom 
has eroded to the elevation hbm which is usually, but not necessarily, 
the bottom of the reservoir or outlet channel bottom. If T is less than 
10 minutes, the width of the breach bottom starts at a value of b rather 
than at a point. This represents more of a collapse failure than an 
erosion failure. 

During the simulation of a dam failure, the actual breach formation 
commences when the reservoir water surface elevation (h) exceeds a 
specified value, hf. This feature permits the simulation of an over—
topping of a dam in which the breach does not form until a sufficient 
amount of water is flowing over the crest of the dam. A piping failure 
may be simulated when hf  is specified less than the height of the dam, hd. 

Selection of breach parameters before a breach forms, or in the 
absence of observations, introduces a varying degree of uncertainty in 
the model results; however, errors in the breach description and thence 
in the resulting time rate of volume outflow are rapidly damped—out as 
the flood wave advances downstream. For conservative forecasts which 
err on the side of larger_flood waves, values for b and z should produce 
an average breach width (b)in the uppermost range for a certain type of 
dam. Failure time Cr) should be selected in the lower range to_produce 
a maximum outflow. Of course, observational estimates of b and r 
should be used when available to update forecasts when response time is 
sufficient as in the case of forecast points several miles downstream of 
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the structure. Flood wave travel rates are often in the range of 
1-10 miles per hour. Accordingly, response times for some downstream 5:e- 

cast points may therefore be sufficient for updated forecasts to be 
issued. 

1.2 Reservoir Outflow Hydrograph 

The total reservoir outflow consists of broad-crested weir flow 
through the breach and flow through any spillway outlets, i.e., 

Qb +Os 
(1) 

The breach outflow (Q5) is computed as: 

Qb cl(h-h5)"5  + c24h-h5)2'5 
(2) 

where: 

C1 3.1 bi cv ks 
(3) 

c2 2.45 z cg  ks  
(4) 

t
b h

b 
• h

d.
- -h ) — if t

b 
C T 

(5) m T 

hb hbm if t
b 
> T (6) 

bi  • b yr if tb 4 r (7) 

cg 1.0 + 0.023  q2  ,(B2 (h-h
bm)

2 
(h-h

b)1 

h
t
-h

b ks 1.0 if C 0.67 h-h
b 

otherwise: 

k 
h
t
-h

b r • 1.0 - 27.8 - 
3 

 0.67] h-h
h 

in which h
b is the elevation of the breach bottom, h is the reservoir 

water surface elevation, bi  is the instantaneous breach bottom width, t5  is time interval since breach started forming, cg  is correction for 
velocity of approach (Brater, 1959), Q is the total outflow from the 
reservoir, Bd  is width of the reservoir- at the dam, kg  is the submer-
gence correction for tailwater effects on weir outflow (Benard, 1954), 
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and ht is the tailwater elevation (water surface elevation immediately 
downstream of dam). 

The tailwater elevation (ht) is computed from Manning's equation, 

1.49 1/2 A5/3 Q S 
(11) 

B2/3 

in which n is the Manning roughness coefficient, A is the cross-
sectional area of flow, B is the top width of the wetted cross-sectional 
area, and S is the energy slope. Each term in couationnapplies to a 
representative channel reach immediately downstream of the dam. The S 
parameter can be specified by the user; it does not change with time; if 
it is not specified., the model uses the channel bottom slope of the 
first third of the downstream valley reach. Since A and B are functions 
of h p. and Q is the total discharge given by equation 1, and 11 provides a sufficiently accurate value for ht  if there are no backwater effects 
immediately below the dam due to downstream constrictions, dams, 
bridges, or significant tributary inflows. When these affect the tail-
watet,equationllis not used and another procedure, referred to herein as 
the "simultaneous method," which is described in a following section on 
multiple dams and bridges is used. 

If the breach is formed by piping, equations 2-9 are replaced by the 
following orifice flow equation: 

b 
m 4.8 

(12) 

where: 

Ap (2bi+4z(hf-h)j (hf-hb) (13) 

5 h
t if h

t 2h
5 - hb (14)  

R h
t if ht > 2hf  - hb (15) 

and hd  is repraced by hf  in equation 5 to compute hb. 

However, if 5 - hf  and 

h - hb  < 2.2(hf-hb). 
(16) 

 

the flow ceases to be orifice flow and the broad-crested weir flow, equation 2, is used. 
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The spillway outflow (Qs) is computed as: 

Q
s 
 • csLs(h-hs)1.5 + c

g
A
g
(h-y

°.5 
 + cdLd(h-hd)1.5 +Q (17) 

In which cs is the uncontrolled spillway discharge coefficient, hs is 
the uncontrolled spillway crest elevation, c, is the gated spillway dis-
charge coefficient, he  is the center-line elevation of the gated spill-
way, cd  is the dischalge coefficient for flow over the crest of the dam 
Lc  is the spillway length, A, is the gate flow area, Ld  is the length of 
tfie dam crest less Ls' and 41., is a constant outflow term which is head 
independent. The oncontrollea spillway flow or the gated spillway flow 
can also be represented as a table of head-discharge values. The gate 
flow may also be specified as a function of time. 

The total outflow is a function of the water surface elevation (h). 
Depletion of the reservoir storage volume by the outflow causes a 
decrease in h which then causes a decrease in Q. However, any inflow to 
the reservoir tends to increase h and Q. In order to determine the 
total outflow (Q) as function of time, the simultaneous effects of 
reservoir storage characteristics and reservoir inflow require the use 
of a reservoir routing technique. DAMBRK utilizes a hydrologic storage 
routing technique based on the law of conservation of mass, i.e., 

I - Q • dS/dt (18) 

in which I is the reservoir inflow, Q is the total reservoir outflow, 
and dS/dt is the time rate of change of reservoir storage volume. Eq. 
(18) may be expressed infinite difference form as: 

(2+11)/2 - (Q+01 )/2 • AS/At (19) 

in which the prime (1) superscript denotes values at the time t-At and 
the A approximates the differential. The term SS may be expressed as: 

AS • (A
s
+Ai
s
) (h-h1 )/2 (20) 

in which As  is the reservoir surface area coincident with the elevation 
(h). 

Combininiequations(1), (2), (17), (19) and (20) result in the 
following expression: 

(A +A) (h-h Vitt + c
1(h-hb

)
1.5 

s s 
1. c2(h-hb)2.5 + c

s
(h-hb) 

+ cg(h-hg)0.5  + cd(h-hd)1'5  + Qt  + Q' - I - I' • 0 (21) 

Since As is a function of h and all other terms except h are known, Eq. 
(21) can be solved for the unknown h using Newton-Raphson iteration. 
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Having obtained h, usually within two or three iterations, ezuatkm 2 and 
(17) can be used to obtain the total outflow (Q) at time (t). In this 
way the outflow hydrograph Q(t) can be developed for each time (t) as t 
goes from zero to some twminating value (te) sufficiently large for the 
reservoir to be drained. In equation 21 the time step (At) is chosen suf- 
ficiently small to incur minimal numerical integration error. This 
value is preset In the model to r/50. 

equation The hydrologic storage routing technique, 18, implies that 
the water surface elevation within the reservoir is level. This assump-
tion is quite adequate for gradually occurring breaches with no substan- 
tial reservoir inflow hydrographs. However, when 1) the breach Is 
specified to form almost instantaneously so as to produce a negative 
wa e within the reservoir, and/or 2) the reservoir inflow hydrograph is 
significant enough to produce a positive wave progressing through the 
reservoir, a routing technique which simulates the negative and/or posi-
tive wave(s) occurring within the reservoir could be used for greater 
accuracy in computing the reservoir outflow through the breach and/or 
spillways. Such a technique is referred to as dynamic routing. Since 
this technique is used for routing the dam-break flood wave through the 
downstream valley, the application of it in lieu of reservoir storage 
routing will be presented after the downstream routing technique is 
presented. 

1.3 Downstream Pouting 

After compuilus Lim hydrograph of the reservoir outflow, the extent 
of and time of occurrence of flooding in the downstream valley is deter-
mined by routing the outflow hydrograph through the valley. The hydro-
graph is modified (attenuated, lagged, and distorted) as it is routed 
through the valley due to the effects of valley storage, frictional 
resistance to flow, flood wave acceleration components, and downstream 
obstructions and/or flow control structures. Modifications to the dam-
break flood wave are manifested as attenuation of the flood peak eleva-
tion, spreading-out or dispersion of the flood wave volume, and changes 
in the celerity (translation speed) or travel time of the flood wave. 
If the downstream valley contains significant storage volume such as 
wide flood plain, the flood wave can be extensively attenuated and icz 
time of travel greatly increased. Even when the downstream valley 
approaches that of a uniform rectangular-shaped section, there is 
appreciable attenuation of the flood peak and reduction in the wave 
celerity as the wave progresses through the valley. 

A distinguishing feature of dam-break waves is the great magnitude 
of the peak discharge when compared to runoff-generated flood waves 
having occurred in the past in the same valley. The dam-break' flood is 
usually many times greater than the runoff flood of record. The above-
record discharges make it necessary to extrapolate certain coefficients 
used in various flood routing techniques and make it impossible to fully 
calibrate the routing technique. 
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Another distinguishing characteristic of dam-break floods is the 
very short duration time, and particularly the extremely short time from 
beginning of rise until the occurrence of the peak. The time to peak is 
in almost all instances synonymous with the breach formation time 
(r) and therefore is in the range of a few minutes to a few hours. 
This feature, coupled with the great magnitude of the peak discharge, 
causes the dam-break flood wave to have acceleration components of a far 
greater significance than those associated with a runoff-generated flood 
wave. 

There are two basic types of flood routing methods, the hydrologic 
and the hydraulic methods. The hydrologic methods are more of an 
approximate analysis of the progression of a flood wave through a river 
reach than are the hydraulic methods. The hydrologic methods are used 
for reasons of convenience and economy. They are most appropriate as 
far as accuracy is concerned when the flood wave is not rapidly varying, 
i.e., the flood wave acceleration effects are negligible compared to the 
effects of gravity and channel friction. Also, they are best used when 
the flood waves are very similar in shape and magnitude to previous 
flood waves for which stage and discharge observations are available for 
calibrating the hydrologic routing parameters (coefficients). 

For routing dam-break flood waves, a particular hydraulic method 
known as the dynamic wave method is chosen. This choice is based on its 
ability to provide more accuracy in simulating the dam-break flood wave 
than that provided by the hydrologic methods, as well as other hydraulic 
methods such as the kinematic wave and diffusion wave methods. Of the 
many available hydrologic and hydraulic routing techniques, only the 
dynamic wave method accounts for the acceleration effects associated 
with the dam-break waves and the influence of downstream unsteady back-
water effects produced by channel constrictions, dams, bridge-road 
embankments, and tributary inflows. Also, the dynamic wave method can 
be used economically, i.e., the computational costs can be made insig-
nificant if advantages of certain numerical solution techniques are 
utilized. 

The dynamic wave method based on the complete equations of unsteady 
flow is used to route the dam-break flood hydrograph through the down- 
stream valley. This method is derived from the original equations 
developed by Barre De Saint-Venant (1871). The only coefficient that 
must be extrapolated beyond the range of past experience is the coeffi- 
cient of flow resistance. It so happens that this is usually not a 
sensitive parameter in effecting the modifications of the flood wave due 
to its progression through the downstream valley. The applicability of 
Saint-Venant equations to simulate abrupt waves such as the dam-break 
wave has been demonstrated by Terzidis and Strelkoff (1970) and by 
Martin and Zovne (1971) who used a "through computation" method which 
ignores the presence of shock waves. DAMBET uses the "through computa-
tion" method as opposed to isolating a single shock wave should it 
occur, and -then applying the shock equations to it and using the Saint-
Venant equations for all other portions of the flow. 
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The Saint-Venant unsteady flow equations consist of a conservation 
of mass equation, i.e., 

3(A+0.0) 3Q 
ax 3t 

and a conservation of momentum equation, i.e., 

aQ a(o2/A)  3h + gA(—
a 
 + S + 

5
e ) 0 trix 3x x f 

where A is the active cross-sectional area of flow, A0  is the inactive 
(off-channel storage) cross-sectional area, x is the longitudinal dis-
tance along the channel (valley), t is the time, q is the lateral inflow 
or outflow per linear distance along the channel (inflow is positive and 
outflow is negative in sign), g is the acceleration due to gravity, Se  
is the friction slope, and S 0  is the expansion-contraction slope. The 
friction slope is evaluated from Manning's equation for uniform, steady 
flow, i.e., 

n2I010  S
f 

2.21 A
2 
R
4/3 

in which n is the Manning coefficient of frictional resistance and R is 
the hydraulic radius defined as A/13 where B is the top width of the 
active cross-sectional area. The term (Se) is defined as follows: 

k A(Q/A)2 
Se  

2g As (25) 

in which k (Morris and Wiggert, 1972) is the expansion-contraction 
coefficie9 varying from 0.0 to t1.0 (+ if contraction, - if expansion), 
and CL(Q/A) is the difference in the term (Q/A)' at two adjacent cross- 
sections separated by a distance Ax. L is the momentum effect of 
lateral flow assumed herein to enter or exit perpendicular to the 
direction of the main flow. This term has the following form: 1) lat- 
eral inflow, L 0; 2) seepage lateral outflow, L -0.5qQ/A; and 
3) bulk lateral outflow, L -qQ/A. 

Equations 22 - 23 were modified by Freed( 1975, 1976) and 
Smith (1970 to better account for the differences in flood wave proper-
ties for flow occurring simultaneously in the river channel and the 
overbank flood plain of the downstream valley. As modified, equation 22- 
(23) become: 

a(K
eQ) 3(1t10) 3(KrQ) aA  

ax aThr at q (26) 
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in which the subscripts (0, (1), and (r) represent the channel, left 
flood-plain, and right flood-plain sections, respectively. The parame-
ters (Kg, K1,  Kr) proportion the total flow (Q) into channel flow, left 
flood-plain flow, and right flood-plain flow, respectively. These are 
defined as follows: 
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QnAR Ax  

[II] [Zia]  

1/2 1/2 

(32) 

Ovations 31-32 represent the ratio of flow in the channel section to 
flow in the left and right flood-plain (overbank) sections, where the 
flows are expressed in terms of the Manning equation in which the energy 
slope is approximated by the water surface slope (dh/Ax). 

The friction slope terms in Equation 27are given by the following: 

2 
diKeQ1KcQ 

(33) 
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In equation PE the term A is the total cross-sectional area, i.e., 

A w A
c +A +A  

r 
+A 
 o (36) 

where Ao is the off-channel storage (inactive) area. 

Equations (22)-(23) and (26)-(27) constitute a system of partial differ-
ential equations of the hyperbolic type. They contain two independent 
variables, x and t, and two dependent variables, h and Q; the remaining 
terms are either functions of x, t, h, and/or Q, or they are constants. 
These equations are not amenable to analytical solutions except in cases 
where the channel geometry and boundary conditions are uncomplicated and 
the non-Linear properties of the equations are either neglected or made 
linear. The equations may be solved numerically by performing two basic 
seeps. First, the partial differential equations are represented by a 
corresponding set of finite difference algebraic equations; and second, 
the system of algebraic equations is solved in conformance with 
prescribed initial and boundary conditions. 

Eqs. (22)-(23) and (26)-(27) can be solved by either explicit or 
implicit finite difference techniques (Liggett and Cunge, 1975). Ex-
plicit methods, although simpler in application, are restricted by 
mathematical stability considerations to very small computational time 
steps (on the order of a few minutes or even seconds). Such small time 
steps cause the explicit methods to be very inefficient in the use of 
computer time. Implicit finite difference techniques (Preissmann, 1961; 
Amein and Fang, 1970; Strelkoff, 1970), however, have no restrictions on 
the size of the time step due to mathematical stability; however, con-
vergence considerations may require its size to be limited (Freed, 
I974a). 

Of the various implicit schemes that have been developed, the 
"weighted four-point" scheme first used by Preissmann(1961), and more 
recently by Chaudhry and Contractor (1973) and Freed (1974b, 1978) 
appears most advantageous since it can readily be used with unequal 
distance steps and its stability-convergence properties can be easily 
controlled. In the weighted four-point implicit finite difference 
scheme, the continuous x-t region in which solutions of h and Q are 
sought, is represented by a rectangular net of discrete points. The net 
points are determined by the intersection of lines drawn parallel to the 
x and t axes. Those parallel to the x axis represent time lines; they 
have a spacing of At, which also need not be constant. Each point in 
the rectangular network can be identified by a subscript (1) which 
designates the x position and a superscript (j) which designates the 
time line. 

The time derivatives are approximated by a forward difference 
quotient centered between the lth  and 1+1 points along the x axis, i.e., 

Kin  + 0+1  - KJ - KJ aK i i+1 i 1+1 
at 2 A tj  

where K represents any variable. 

(37) 
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The spatial derivatives are approximated by a fotward difference 
quotient positioned between two adjacent time lines according to 

Page 
weighting factors of 0 and 1-0, i.e., 

j+1 j+1 KJ - KJ K - K i aK r  1+1 1 
 ] + (1 0) [ "'I i] - 0  I (38) ax Ax

i 
Ax
i 

ii Variables other than derivatives are approximated at the time level 
where the spatial derivatives are evaluated by using the same weighting 
factors, i.e., 

j+1 j+I 
KJ  + KJ  4 + K

1+11+ i 1+11 K = 0 [ ( i-e) 2 2 (39) 

A 0 weighting factor of 1.0 yields the fully implicit or backward 
difference scheme used by Baltzer and Lai (1968). A weighting factor of 
0.5 yields the box scheme used by Amein and Fang (1970). The influence 
of the 0 weighting factor on the accuracy of the computations was 
examined by Fread (1974a), who concluded that the accuracy decreases 
as 0 departs from 0.5 and approaches 1.0. This effect becomes more 
pronounced as the magnitude of the computational time step increases. 
Usually, a weighting factor of 0.60 is used so as to minimize the loss 
of accuracy associated with greater values while avoiding the 
possibility of a weak or pseudo instability noticed by Baltzer and Lai 
(1968), and Chaudhry and Contractor (1973); however, 0 may be specified 
other than 0.60 in the data input to the DAMBRK model. 

When the finite difference operators defined byegumio437)-(39) are 
used to replace the derivatives and other variables inesation(22)-(23), 
the following weighted four-point implicit difference equations are 
obtained: 

j+I j+1 
Q1+1- Q Q Q e  [ 1+1 - i n 1+1  .4. (1-e) r (1 _ eN -J 

ex mi Az
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" I  2dt 

m1+1 '1 
i+1  - i - ni 

'1+1) + 0 [(Q

2
/A)

i
:1 -  + g API' 

n n 2 j+1 

2Atj 
i 

Ax 

r  +1 i + gj+1 I. gj+I)] 4. (1 _0  1°  i 21A)1.+1 - (Q2/A)1 
hj+I _ hj+1 

Axi f ce Axi  

hi - hi  
+g  A3 r  1+1 i  + 0 + 0 )] = o 

1/4 Ax
/ 

f ce 

1-12/22 

iii 

1 

4 

7 

17 

37 

44 

oj+1 



where: 

X • (Ai  + A14.1)/2 (42) 

gf 
• n Q1Q1/(2.2 A R ) (43) 

(5 • (01.  + 
(44) 

- (45) 

(46) 

The terms associated with the jth time line are known from either the 
initial conditions or previous computations. The initial conditions 
refer to values of h and Q at each node along the x axis for'the first 
time line (.1•1). 

51,,,t1ens(40)-( 41) cannot be solved in an explicit or direct manner for 
the unknowns since there are four unknowns and only two-equations. How-
ever, ifeonmtion(40)-(41) are applied to each of the (N-1) rectangular 
grids between the upstream and downstream boundaries, a total of (2N-2) 
equations with 2N unknowns can be formulated. (N denotes the total 
number of nodes). Then, prescribed boundary conditions, one at the up-
stream boundary and one at the downstream boundary, provide the neces-
sary two additional equations required for the system to be determinate. 
The resulting system of 2N non-linear equations with 2N unknowns is 
solved by a functional iterative procedure, the Newton-Raphson method 
(Amein and Fang, 1970). 

Computations for the iterative solution of the noh-linear system 
are begun by assigning trial values to the 2N unknowns. Substitution of 
the trial values into the system of non-linear equations yields a set of 
2N residuals. The Newton-Raphson method provides a means for correcting 
the trial values until the residuals are reduced to a suitable tolerance 
level. This is usually accomplished in one or two iterations through 
use of Linear-extrapolation for the first trial values. If the Newton-
Raphson corrections are applied only once, i.e., there is no iteration, 
the non-linear system of difference equations degenerates to the equiva-
lent of a quasi-linear formulation which may require smaller time steps 
than the non-linear formulation for the same degree of numerical 
accuracy. 

A system of 2N x 2N linear equations relates the corrections to the 
residuals and to a Jacobian coefficient matrix composed of partial 
derivatives of each equation with respect to each unknown variable in 
that equation. The coefficient matrix of the linear system has a banded 
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structure which allows the system to be solved by a compact quad-
diagonal Gaussian elimination algorithm (Freed, 1971), which is very 
efficient with respect to computing time and storage. The required 
storage is 2N x 4 and the required number of computational steps is 
approximately 38N. 

The DAMBRK model has the option to use eitherepation(22)-(23) or equ-
tims(26)-(27). The former is a somewhat simpler treatment in which a 
total or composite cross-section is used, whereas the latter set 
utilizes a more detailed representation of the flow cross-section. Eqs. 
(26)-(27) are recommended when the channel is sufficiently large to 
carry a significant portion of the total flow and the channel has a 
rather meandrous path through the downstream valley. 

In order to solve the unsteady flow equations the state of the flow 
(h and Q) must be known at all cross-sections at the beginning (t-0) of 
the simulation. This is known as the initial condition of the flow. 
The DAMBRK model assumes the flow to be steady, non-uniform flow where 
the flow at each cross-section is initially computed to be: 

Qi ' Qi-1 'xi-1 (47) 

where Q1  is the known steady discharge at the dam, i.e., the upstream 
boundary of the downstream valley, and qi  is any lateral inflow from 
tributaries existing between the cross-sections spaced at intervals 
of Ax along the valley. The steady discharge from the dam at t..0 must 
be non-zero, i.e., a dry downstream channel is not amenable to simula-
tion by DAMBRK. This is not an important restriction, especially when 
maximum flows and peak stages are of paramount interest in the dam-break 
flood. The tributary Lateral inflow must be specified by the forecaster 
throughout the simulation period. If these flows are relatively small, 
they may be safely ignored. 

The water surface elevations associated with the steady flow must 
also be computed at t..0. This is accomplished by solving the following 
equation: 

2 
- (Q2/A) 

[
A
i
+A
i  + g +11 r

h
1+1

-h 

Ax 2 " Ox
i  

n
2
(Qi+Qi+1)

2 
(3i+81.4.1)

4/3 

2.2 (A
i+Ai+1)

10/3 (48) 

This equation may be easily solved using the Newton-Raphson method by 
starting at a specified elevation at the downstream extremity of the 
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valley and solving for the adjacent upstream elevation step by step 
until the upstream boundary is reached. The downstream specified eleva-
tion may be obtained from a solution of the Manning equation if the flow 
is governed only by the channel conditions; however, if a flow control 
structure produces a back-up of the flow at this location, the fore-
caster must directly specify the water surface elevation existing at the 
downstream boundary at t-0. 

In addition to initial conditions, boundary conditions at the up-
stream and downstream sections of the valley must be specified for all 
times (t"0 to e where te is the future time at which the simulation 
ceases). 

At the upstream boundary the reservoir outflow hydrograph Q(t) 
provides the necessary boundary condition. 

At the downstream boundary an appropriate stage-discharge relation 
is used. If the flow at the downstream extremity is channel-controlled, 
the following relation is used: 

QN' 

1/2 
1.49 5/3 2/3

hN-1-hNI  
n 

AN  /5 N
N-1 

J (49) 

EI9J4i4m(49) reproduces the hysteresis effect in stage-discharge relations 
often observed as a loop-rating curve. The loop (hysteresis) is 
produced by the temporal variations in the water surface slope. If the 
flow at the downstream boundary is controlled by a flow control 
structure such as a dam, the following relation is used: 

( 5 0) 

where the breach flow (Qb) is defined byoluvon(2) and the spillway flow 
(Qs) is defined byegmt1a)(17) in which the various terms apply to the dam 
at the downstream boundary. Since the resulting expressions for Qb  and 
Qs  are in terms of the water surface elevation, h 1,ud0011(50) is a stage-
discharge relation. 

The downstream boundary condition may also be specified as a 
single-value rating curve in which the stage-discharge values are input 
as tabular values. Linear interpolation is used for determining inter- 
mediate values. The downstream boundary may also be a known water 
surface elevation as a function of time, e.g., a tidal condition. 

1.5 Milt' pie 1b16 and Bridges 

The DAMBRK model can simulate the progression of a dam-break wave 
through a downstream valley containing a reservoir created by another 
downstream dam, which itself may fail due to being sufficiently over-
topped by the wave produced by the failure of the upstream dam. In 
fact, an unlimited number of reservoirs located sequentially along the 
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valley can be simulated. In DAMBRK there is a choice of two methods for 
simulating dam-break flows in a valley having multiple dams. 

In the first method, which is known as the -sequential method,-  the 
downstream boundary condition for the dynamic routing component is given 
bycliaticM50) rather chanequatk(48). The properties of the downstream dam, 
spillways, breach description, and elevation of flow which precipitates 
the failure of the dam, are used in Eq. (50). In this way, backwater 
effects of the downstream dam are included in the routing of the outflow 
hydrograph from the upstream dam. The most upstream reservoir may be 
simulated using either storage or dynamic routing. 

When the tailwater below a dam is affected by flow conditions down-
stream of the tailwater section (e.g., backwater produced by a down-
stream dam, flow constriction, bridge, and/or tributary inflow), the 
flow occurring at the dam is computed by the second method known as the 
-simultaneous method-  which uses an internal boundary condition at the 
dam. In this method the dam is treated as a short Ax reach in which the 
flow through the reach is governed by the following two equations rather 
than either ewe:ion( 22)-(23) orepajco5(26)-(27): 

Qt " Qi+1 

Qi ' Qb + Qs 

in which Qb  and IQ, are breach flow and spillway flow as described in 
(711.1m (2) and (17Y. In this way the flows, Qi  and Q and the 
elevations, hi  and ht.', are in balance with the other flows and 
elevations occurring simultaneously throughout the entire flow system; 
the system may consist of additional dams which are treated as 
additional internal boundary conditions via Eqs. (51)-(52). Either 
storage or dynamic routing may be used in the most upstream reservoir. 
This method can also be used for a flow system having a single dam, 
only. 

Highway/railway bridges and their associated earthen embankments 
which are located at points downstream of a dam may also be treated as 
internal boundary conditions. EIW131.6  (51)-(52) are used at each bridge; 
the term Qs  inapaicr(52) is computed by the following expression: 

Qs  .R 8.02-  C Ai+I(hi-hi4.1)1/2  + ccu  Lu  ku(h i'llcu)3/2 

+ cc
R k(h-h

c t
)3/2 

(53) 

in which 

ku 1.0 if h C 0.76 (54) 

 

 

1-16/22 



ku  a 1.0 - cu(hru  - 0.76)3 if (55) > 0.76 

cu  a 133(hru-0.78) + 10 if 0.76 < h
ru 
 < 0.96 (56) 

cu  a 400(hru-0.96) + 34 if hru  > 0.96 (57) 

hru ' (111+1-hc )/(hi-h) (58) 

ccu  a 3.02(hi-hcu)0.015 if 0 < hu  < 0.15 (59) 

ccu  a 3.06 + 0.27(hu-0.15) if hu  > 0.15 (60) 

hu  a (-f)/w (61) 

in which C is a coefficient of bridge flow (see Chow, 1959), at+, is the 
cross-section flow area of the bridge opening at section 1+1 (downstream 
end of bridge), hcu  is the elevation of the upper embankment crest, hi  
is the water surface elevation at section i (upstream end of bridge), 
h1+1 is the water surface elevation at section i+l Lu is the length of 
the upper embankment crest perpendicular to flow direction), ku  is the 
submergence correction factor for flow over the upper embankment crest, 
and wu is the width (parallel to flow direction) of the crest of the 
upper embankment. In Eq. (53), the terms with an (P) subscript refer to 
a lower embankment crest and these terms are defined byaPatinns(54)-(61) 
in which the (u) subscripts are replaced with (0 subscripts.Eaktiols 
(54)-(61) were developed from basic information on flow over road 
embankments as reported by the U.S. Dept. of Transportation (1978). 

1.6 Supercritical Flow 

The DA11611X model can simulate the flow through the downstream 
valley when the flow is supercritical. This type of flow occurs when 
the slope of the downstream valley exceeds about 50 ft/ml. Slopes less 
than this usually result in the flow being subcritical to which all pre-
ceding comments pertaining to the downstream routing apply. When the 
flow is supercritical, any flow disturbances cannot travel back up-
stream; therefore, the downstream boundary becomes superfluous. Thus, 
for supercritical flow, a downstream boundary condition is not required; 
however, another equation in addition to the reservoir outflow hydro-
graph is needed for the upstream boundary condition. To satisfy this 
requirement, an equation similar to equatim(49) is used at the upstream 
boundary, i.e., 

1/2 
Q 1.486 A5/3/35/3 rhl
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21 

1 n 1 1 As 1 
(62) 
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A modified compact quad-diagonal Gaussian elimination algorithm 
similar to the one previously described is required for solving the 
unsteady flow equations when supercritical flow exists. The modifica-
tion results when the form of the Jacobian coefficient matrix is 
slightly changed due to the need for two upstream boundary conditions 
and none at the downstream boundary. 

The CAMBRIC model is constructed to accommodate supercritical flow 
for either the entire channel reach or for only an upstream portion of 
the entire reach. The supercritical flow regime is assumed to be 
applicable throughout the duration of the flow. Multiple reservoirs on 
supercritical valley slopes must be treated using a storage routing 
technique such a5en2bef18) rather than the dynamic routing technique. 

Ii Wmtinq Losses 

Often in the case of dam-break -floods, where the extremely high 
flows inundate considerable portions of channel overbank or valley flood 
plain, a measurable loss of flow volume occurs. This is due to infil-
tration into the relatively dry overbank material, detention storage 
losses, and sometimes short-circuiting of flows from the main valley 
into other drainage basins via canals or overtopping natural ridges 
separating the drainage basins. Such losses of flow may be taken into 
account via the term q in equatim (22) oregetun (26). An expression 
describing the loss is given by the following: 

qm • -0.00458 VL T) (63) 

in which VL is the outflow volume (acre-ft) from the reservoir; P is the 
volume loss ratio; L is the length (mi) of downstream channel through 
which the loss occurs; and T is the average duration (hr) of the flood 
wave throughout the reach length L; and qm  is the maximum lateral 
outflow (cfs/ft) occurring along the reach L throughout the duration of 
flow. The mean lateral outflow is proportioned in time and distance 

along the reach L such that q
j
.03 when Q

j1 
and qcq

m 
 when  

Thus: max
i  
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where Q is the initial flow, n .max is the estimated maximum flow at 
each flood node, Qmax is the maximd6 routed discharge at the downstream 
section (Xn) Qmax isathe maximum discharge at the dam and m is a fitted 
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exponent. The parameter P may vary from only a few percent to more than 
30, depending on the conditions of the downstream valley. 

is Tributary inflows/Outflows 

Unsteady flows associated with tributaries downstream of the dam 
can be added to the unsteady flow resulting from the dam failure. This 
is accomplished via the term q inegmtim(22) orecluticn(26). The tributary 
flaw is distributed along a single Ax reach. Backwater effects of the 
dam—break flow on the tributary flow are ignored, and the tributary flow 
is assumed to enter perpendicular to the dam—break flow. Outflows are 
assigned negative values. Outflows which occur as broad—crested weir 
flow over a levee or natural crest may be simulated. The crest eleva—
tion, discharge coefficient, and location along the river—valley must be 
specified. The head is computed as the average water surface elevation, 
along the length of the crest, less the crest elevation. 

L9 Floodplain Compartments 

The DAMBRK model can simulate the exchange of flow between the 
river and floodplain compartments. The floodplain compartments are 
formed by a levee which runs parallel to the river on either or both 
sides of the river, and other levees or road embankments which run 
perpendicular to the river. Flow transfer between a floodplain com—
partment and the river is assumed to occur along one Ax reach and is 
controlled by broad—crested weir flow with submergence correction. Flow 
can be either away from the river or into the river, depending on the 
relative water surface elevations of the river and the floodplain com—
partment. The river elevations are computed viaequanoK40-4l), and the 
floodplain water surface elevations are computed by a simple storage 
routing relation, i.e., 

Vt
t e Vt

t—At I.  (It _ _ti u ) At/43560 (66) 

in which V t 
is the volume (acre—ft) in the floodplain compartment at 

time t or t—At referenced to the water elevation, I is the inflow from 
the river or adjacent floodplain compartments, and 0 is the outflow from 
the floodplain compartment to the river and/or to adjacent floodplain 
compartments. Ploy transfer between adjacent floodplain compartments is 
also controlled by broad—crested weir flow with submergence correction. 
The broad—crested weir flow is according to the following: 

I e c s
b 
0ir 
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in which c is a specified discharge coefficient, hr  is the river eleva-
tion, hfp  is the water surface elevation of the floodplain, and sb  is 
the submergence correction factor, i.e. 

sb 1.0 hr  < 0.67 (69) 

sb  .0 1.0 - 27.8 (li
r 
 - 0.67)3 hr  > 0.67 (70) 

Hr  00 (h
r
-h

w
)/(h

fp
-h

w
) (71) 

and hw  is the specified elevation of the crest of the levee. The flood-
plain elevation (hfp)  is obtained iteratively via a table look-up algo- 

rithm from the specified table of volume-elevation values. The outflow 
from a floodplain compartment may also include that from one or more 
pumps associated with each floodplain compartment. Each pump has a 
specified discharge-head relation given in tabular form along with 
start-up and shut-off operation instructions depending on specified 
water surface elevations. The pumps discharge to the river. 

;Jo wiservnir Dynemic Routine 

As mentioned earlier, an option is provided in the DAHERK model to 
use dynamic routing rather than storage routing to compute the reservoir 
outflow hydrograph. The dynamic routing is identical to the above 
description with the exception of boundary conditions. The upstream 
boundary condition is a discharge hydrograph given by the following: 

1 - I(t) 0 (72) 

where I(t) is the known reservoir inflow hydrograph. The downstream 
boundary condition is a stage-discharge relation given byemtia(50). The 
initial water surface elevations are computed by solvingelosOa1(48), the 
steady gradually varied backwater equation, using 110  which is the eleva-
tion of the water surface at the dam site when the computation com-
mences. The reservoir dynamtz routing procedure must contend with the 
lowering of the water surface elevation at the upstream boundary as the 
reservoir volume is depleted by the outflow through the breach. If this 
depth becomes'small and approaches a value less than the normal depth. 
the computations become unstable. To avoid this computational problem, 
the upstream depth is constantly monitored; if it becomes less than the 
initial normal depth (dn), the location of the upstream boundary condi-
tion is shifted downstream one node at a time until the depth at the 
node is greater than dn. 

1 .11 Landslide-Generated Waves 

Reservoirs are sometimes subject to landslides which rush into the 
reservoir, displacing a portion of the reservoir contents and, thereby, 

Qj+1 

1-20/22 



creating a very steep water wave which travels up and down the length of 
the reservoir (Davidson and McCartney, 1975). This wave may have 
sufficient amplitude to overtop the dam and precipitate a failure of the 
dam, or the wave by itself may be large enough to cause catastrophic 
flooding downstream of the dam without resulting in the failure of the 
dam as perhaps in the case of a concrete dam such as the Fiaont Dam 
flood of 1963. 

The capability to generate waves produced by landslides is provided 
within DALMBRK. The volume of the landslide mass, its porosity, and time 
interval over which the Landslide occurs, are input to the model. In 
the model, the landslide mass is deposited within the reservoir in 
Layers during small computational time steps, and simultaneously the 
original dimensions of the reservoir are reduced accordingly. The time 
rate of reduction in the reservoir cross—sectional area (Kouticas, 1977) 
creates the wave during the solution of the unsteady flow,eninkn (22)—
(23), which are applied to the cross—sections describing the reservoir 
characteristics. The upstream boundary condition is given byolstitr(72), 
and the downstream boundary condition is given betkn(50). The initial 
conditions are obtained as described byequejles(47)—(48) for steady non—
uniform flow. 

Wave runup is not considered in the model. For near vertical faces 
of concrete dams the runup may be neglected; however, for earthen dams 
the angle of the earth fill on the reservoir side will result in a surge 
which will advance up the face of the dam to a height approximately 
equal to 2.5 times the height of the landslide—generated wave (Morris 
and Wiggert, 1972). 

1.12 Selection of At and Ax 

Rapidly rising hydrographa, such as the dam—break outflow hydro—
graph, can cause computational problems (Instability and non—
convergence) when applied to numerical approximations of the unsteady 
flow equations. This is the case even when an implicit, non—linear 
finite difference solution technique is used. However, many computa—
tional problems can be overcome by proper selection of time step (at) 
size. During the limited testing of the model presented herein, two 
types of computational problems arose. First, if the time step were too 
large relative to the rate of increase of discharge during that time 
step, errors occurred in the computed water surface elevation in the 
vicinity of the wave front. These water surface elevations would tend 
to dip toward the channel bottom and quickly cause negative areas to be 
computed which would then cause the computations to "blow up." Second, 
too large a time step would also cause the Newton—Raphson iteration to 
not converge. The first computational problem is similar to that 
experienced by Cunge (1975). Both of the computational problems were 
successfully treated by reducing the time step size by a factor of 0.5 
whenever negative areas were computed, or when a reasonable number of 
iterations were exceeded. With the reduced time step, the computations 
were repeated. If the same problems persisted, the time step was again 
halved and the computations repeated. Usually, one or two reductions 
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would be sufficient. The computational process was then advanced to the 
next time level by the original unreduced time step. Computations were 
initially begun with At time steps (hr) computed via the following 

relation: 

At 4 r/M 
(73) 

in which T is the time (hr) from the beginning of rise to the peak of 
the outflow hydrograph and M is the divisor for determining the time 
step. A reasonable value for M is 20 for subcritical flow and 40 for 

supercritical flow. 

Distance steps (Ax) are selected in the following range: 

Ax - c At 
(74) 

where c is the wave speed in mi/hr and Ax is in miles. The dam-break 
hydrograph tends to be a very peaked-type of hydrograph and, as such, 
tends to dampen and flatten out as it advances downstream. Accordingly, 
the time step may be increased as the wave progresses downstream; 
therefore, smaller values of Ax are selected immediately downstream of 
the.dam, with a gradual increase in size at greater distances downstream 

of the dam. Also, the smaller values of Am are associated with the 

smaller values of T. This methodology of selecting Ax and At values 
follows the guidelines set forth in an analysis made by Freed (1974a) of 
the numerical properties of the four-point implicit solution of the 

unsteady flow equations. 

Distance steps may need to be reduced in size where severe 
expansions or contractions in the cross sections occur. 

Since the flood wave dampens out as it moves downstream, the 
At time step may be increased as the computations advance In time. The 

following scheme is used: 

At 4 T /M 

where Tfl  is the time between the start of rise of the hydrograph and the 

peak or the hydrograph at selected locations along the downstream val-
ley. Six evenly spaced locations along the downstream valley commencing 
at the dam site are monitored to determine T. The peak must have P 
occurred at one of the locations before T can be evaluated. Since T 
increases at locations farther and farther downstream of the dam, the Tfl  

which exists for the most downstream location is used /n812001(75). Ah 

option exists to maintain throughout the computations and time step size 

specified in the data input. The units of At, tts. 
and T are hours. 
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