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Preface

Recent dam failures have underscored the need to be able to predict flood

stages downstream from breached dams. This technical release presents a

simplified procedure for making these predictions. These predictions would
supply the information needed to evaluate the safety hazards of existing and

planned dams if they should breach, to assist planning for development in
downstream areas, and to help civil defense and rescue agencies prepare for

dam failures.

The Soil Conservation Service, in its mission of soil and water conservationm,

examines a large number of potential dam sites for landowners and project

sponsors. Generally, these dams are of small height and storage; thus, a
potential dam breach would have a small impact on the flood plain areas beyond

a relatively short distance downstream (often five miles or less). Therefore,

a breach routing method is needed that is easy to use and provides quick and

accurate information.

In developing this technical release, many routing methods were considered.
The selected Att-Kin procedure best meets the 5CS need.

The purpose of this revision is to establish a common theoretical basis for

both the graphical and numerical solutions of the dam-breach problem. Thus,

the mathematical models for the curvilinear and triangular hydrographs used by

the method now appear in the text rather than the appendix. Also, detailed
procedures for solving the models by either approach are included.

Families of curves representing the equations of the two mathematical models

have replaced the indirect, graphical procedure which used the two single

parameter curves on ES-212 and an empirical numerical technique. Another

addition to this revision is a method for estimating the arrival time of the
peak discharge at points downstream of the dam.

This revision also clarifies the theoretical and practical basis of the parent

Att-Kin routing method. The presentation of the Att-Kin method in Appendix A
is preceded by a brief presentation of major concepts underlying its formula-—

tion, as well as, a discussion of similarities and departures from other
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simplified flood routing methods. These provide a framework for a rational

evaluation of the Att-Kin method through cbmparison to conventional alterna-
tives and, by extension, for an assessment of the advantages and the drawbacks

in its application.

John A. Brevard and Fred D. Theurer prepared the original technical release.
bBr. Theurer with the assistance of George H, Comer developed the routing

procedure,
George Kalkanis, Civil Engineer, Design Unit, Engineering Division prepared

this revision. William H. Merkel, Hydraulic Engineer, Hydrology Unait,
Engineering Division consulted with Dr. Kalkanis during its preparation.
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Nomenclature

flow area, £t2

flow area associated with discharge Qi at section j, £t2
flow area associated with discharge Q; at section j+l, ft2
dQ/dA, speed of propagation of discharge Q, ft/sec
coefficient of proportionality

depth of flow, ft

maximum depth of flow associated with discharge Qo’ ft
acceleration of gravity, ft/sec?

coefficient in the discharge—valley storage relationship
coefficient in the discharge-flow area relationship
coefficient in the discharge-valley storage relationship
used in the "storage" routing submodel

length of subreach j, ft

length of subreach j-1, ft

exponent in the discharge-valley storage relationship
exponent in the discharge-valley storage relationship used
in the "storage" routing submodel

E—wheu N is an even number and Etl-when N is odd

2 2
number of paired values of Q. Si
23
discharge, cfs
a particular discharge in an array of discharges, cfs
instantaneous outflow discharge from a reach, cfs

instantaneous outflow discharge from a reach at time ts cfs

instantaneous outflow discharge from a reach at time t2’ cfs
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= Q1 1 * Ql 2
Q1 = 2 5 -2— . mean outflow discharge from a reach during

the time interval At = ty = tl’ cfs

~S
mn

outflow discharge from the reach at time t determined

1,1 1,1
by the storage submodel, as well as, at times tl,i + Gti and
tl,i + th’i determined by the Att-Kin model, cfs
Q2 = instantaneous inflow discharge into a reach, cfs ' -
Q2,1 = instantaneous inflow discharge into a reach at time t;» cfs 3
Qz’2 = énstaitgneous inflow discharge into a reach at time t2, cfs
'62 = _jELl,E_JEQE » mean inflow discharge into a reach during the
time interval‘ At = tp - t;, cfs
QI = maximum discharge of inflow hydrograph, cfs

maximum discharge of breach hydrograph, cfs

{

fo]
m

maximum outflow discharge from a reach, cfs

F >
Q

hydraulic radius, ft

[a3
n

S = vailey storage, f£t3

Sg = longitudinal slope of floodway floor

Si,j = valley storage in subreach j associated with outflow dis-
charge Q, £t3

Si,j—l E valléy storage in subreach j-1 associated with outflow dis-
charge Qi, fe3

Si,d,j = off~channel valley storage between section j and j+l
assoclated with discharge Qi’ ft3

SI = valley storage in the reach associated with QI through the

discharge—storage relationship used by the Att-Kin routing

model, ft3
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1,1

S1,1~1

s(t)

t),i-1

ti,i

1]

I

u

m

1

vit

valley storage in the reach satisfying continuity at time

ty » £t

valley storage in the reach at time ty assoclated with Qo

from discharge-valley storage relationship, ft3

valley storage in the reach at time t

determined by the
3 i

1,
storage routing submodel, ft

valley storage in the reach at time t, i-l determined by
] B

the storage routing submodel, ft3

valley storage in the reach at time t and associated with

Q(t) through the discharge-storage relationship used by the

storage routing submodel, ft3

time

time at the beginning of routing time interval
time at the end of routing time interval

time to peak inflow discharge QI into the reach

time to peak outflow discharge Qo from the reach

time to peak outflow discharge Q, from the reach determined

by the storage routing submodel

time at the beginning of computational interval in the

storage routing submodel

time at the end of computational interval in the storage
routing submodel

Q
b

Q

A » average flow velocity through any valley cross-section,
ft/sec
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th,i

nt

(1]

1

Hi

11}

1]

1

valley storage in subreach attributed to the kinematic

distortion of the outflow hydrograph produced by the storage

routing submodel, ft3

total volume of water under the breach hydrograph, i.e.,

excluding the volume of base flow, ft3

volume of net outflow from the reach to time to, £e3

valley storage in subreach associated with Q0 and tS

determined by the storage routing submodel, ft

volume of water inflow into subreach during the time
- 3
interval t, ~ t_, ft
angle of the tangent through the point[ Q, A ] on the curve
representing the discharge-flow area relationship in a given

. -1
valley cross—section, = tan " {c)

time lag of outflow discharge Q1 ; due to kinematic
]

distortion

time lag of outflow discharge Ql i due to kinematic
]

translation

total time lag for discharge Q1 1 between hydrographs
3

routed by the storage submodel and the Att-Kin model

September 1985



TECHNICAL RELEASE
NUMBER 66 (THIRD EDITION)

SIMPLIFIED DAM-BREACH ROUTIRG PROCEDURE

INTRODUCTION

This technical release presents a method for estimating key character-

istics of the floodwave generated by the sudden breaching of a dam. These
characteristics are the peak flood flow Q0 at a predefined location in the
path of the floodwave, the associated maximum depth of flow dy, and the time
lapse t, between the breaching of the dam and the occﬁrrence of the above two
extremes. The expressions for these three dependent variables, which are
furnished by the solution of an empirical mathematical model discussed later,
are functions of the independent variable representing distance from the dam,
as well as, certain parameters defining the breach hydrograph and describing

pertinent hydraulic characteristics of the valley downstream. These para-
meters are determined as follows:

BREACH HYDROGRAPH

The breach hydrograph, as all hydrographs, is completely defined by its

peak discharge Q .., its total volume Vi, and its shape.

Regarding shape, the method postulates that the breach hydrograph is a contin-
uous decaying function of time of either triangular or curvilinear shape.
More precisely, the decay in the latter case is exponential. The rule of

selecting the applicable shape in a given situation is based on the antici-

pated flow regime in the valley subreach immediately below the dam. Thus, if

the expected flow in the subreach is supercritical, the applicable shape is

triangular; otherwise, the appropriate hydrograph shape is curvilinear.
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The reasoning behind the rule is that, if the flow in the reach immediately

below the breached dam is subcritical, the tailwater will submerge the breach
at some outflow, thereby retarding the total flow from the breach. Then, the

breach hydrograph will assume a curvilinear shape. Conversely, if the flow is
supercritical, the tailwater will be lower, thereby impeding the flow less

than before. Then, the shape of the hydrograph will be triangular,
Quax BaY be determined by methods that are process based, using scientific
procedures for erosion, sediment transport, and hydraulics, or based on empir-

ical relationships derived from analysis of recorded actual dam failure

data. The minimum required peak breach discharge is established by SC3S
policy.

Figure 8 shows a plot of paired data of maximum breach discharge and depth of
water for recorded dam failures. Also shown is a line almost enveloping the

data which, if used, would predict a rather conservative maximum breach dis-

charge.

The total volume VI is the sum of the volume of water beilng stored behind the

dam at the time of breaching and of the part of the storm hydrograph still

approaching the reservoir from upstream. Thus, in considering the event of
dam breaching without storm inflow, the second component of Vi is set equal to

ZEeTO0.

HYDRADLICS

The second key component of the simplified Att-Kin method comsists of hydrau-

lic characteristics of the valley downstream of the dam. For a given valley
reach & single-valued relation of discharge and valley storage must be deter-

mined. This relation may be determined from stream gage data or water surface

profiles obtained from unsteady, steady non—-uniform, or steady uniform flow

computations. Of course, the accuracy of the discharge<storage relation
depends on the method used and the level of detail of the cross—section data

collected.

September 1985



In order to determine the discharge—storage relation for a reach, cross-
:R\*// section data, roughness coefficients, and reach lengths are needed. The
detail of this data gathering and analysis is dependent on the purpose for
. doing the breach routing and on such factors as variation of valley cross-—
-gection (and slope) and floodplain land use. Methods for computing water
surface profiles for valley cross—sections are contained in many hydraulics
texts and also in SCS TR-61 and SCS NEH Section 4.

Profiles should be computed for a range of discharges up to the maximum dis-

charge expected from the breach.

The discharge-valley storage relation should reflect total valley storage
between cross sections for specific discharges. For a steady discharge, the
associated valley storage is the main valley storage and the off-channel or
"dead" valley storage between cross—sections. The off-channel valley storage
is any valley storage not accounted for in the flow area determinations, for

example, draws and channels upstream of confluences.

Following the development of the rating curves at key ﬁalley cross—sections,

the total valley reach is divided into subreaches. Each subreach is bounded

by the valley cross-section at the dam and by one of the remaining downstream

cross~sections. Reach ! is bounded by cross-sections 1 and 2, reach 2 by

cross—-sections 1 and 3,.., and reach nl-l by cross-sections 1 and n . ; n, being

1 1

the number of cross—sections,

The discharge~valley storage values defining the discharge-valley storage
relation for each subreach must be determined. The equation determining

valley storage Si,j is,

(Ai i Ai j+l)
) = I 2] 2 L. G - L, + 5 . 1
51,1 7 51,371 2 g7 B0 F8,a, 0
in which,
Ai i = flow-area associated with discharge Qi at
1]
_ section j, ft2
( Ai,j+l = flow area associated with discharge Qi at

2
section j+l1, ft
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By definition,

5,0

The discharge-valley

equation

Q =

in which,

11}

1]

=~ N O W
n

11}

valley storage in subreach j associated with

discharge Qi £e3

i

valley storage in subreach j-1 associated with

discharge Q> fe3

111

length of subreach j, ft
length of subreach j-1, ft

of f-channel storage between section j and j+l

3
associated with discharge Qi, ft

a particular discharge in an array of discharges,

cfs

= L1 = 0 for all i‘s

storage relation for a subreach is represented by the

kS (s, )i (2)

1 to nl-l

1 to N
number of valley cross-—sections

number of water surface profiles

Ordinarily, the value of n; is predetermined, but the user selects the value

of N, preferably, an even number and as large as convenient.

Taking the logarithm of both sides of equation (2) produces the equation,

log Qi

= log k, + m, log(s, ,
og k. +m, 1og(S; ) (3)

s

from which the values of kj and mj are determined through application of a

linear regression technique on paired values of log (Qi) and log (Si,j) for
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subreach j. The most prominent and widely used technique for the purpose is

the method of "least squares", whose coded versions may be found in most ADP

libraries. However, for sake of completeness, the rather computationally

simple "method of averages" (Smith, Gale, and Neelley 1956) is given in
Appendix B.

An observation of practical significance is that, in the particular case of

uniform flow, the equation relating the valley storage to the valley cross—

section is,

S = AL for all i‘s and j’s (4)

where

2

cross—section flow area, ft

-
u

= reach length, ft

It follows that

Q = k8™ = k(AL)™ = k 1™ A" (5)

defining
ko =k L

and substituting into equation (5) and from equation (&)

k

Q=kq A" = —2-s" (54)
L

The values of k, and m in equation (54A), which for uniform flow (and no dead

storage) is a substitute for equation (2), can be determined directly from

paired values of Q and A computed by any reputable friction formula.
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THE MATHEMATTCAL MODEL

A feature shared by most simplified methods solving the dam breach problem is

that the breach hydrograph, which normally is a boundary condition, consti-
tutes an integral part of the mathematical model simulating response. Thus,

the recognition of two distinct shapes of the breach hydrograph imposes the
necessity of two distinct mathematical models. The selection of the applica-

ble hydrograph shape becomes, in essence, the criterion for selecting the
applicable mathematical model,

The development of the model evolved through a process of successive modifica-

tions and adjustments of a set of equations. The approach was identical for
both curvilinear and triangular hydrograph models so, in the discussion that

follows, the term "model™ is representative of both.

The process consisted of fitting pertinent dam breach data, measured or
computed, to mathematical expressions containing the variables defined on the
following pages; and using judicious adjustments, until satisfactory levels of

closeness were achieved. The measured data used in the process was from

actual dam—~breach events and physical model studies {Theurer and Comer

1979). The computed data was generated by combining results from two mathe-

matical flood routing models; one was hydraulic, based on the method of char-
acteristics (Theurer 19753), and the other was hydrologic, based on the

Attenuation-Kinematic method, or in brief, Att-Kin method. The Att-Kin

method, which shares certain features with the simplified Att-Kin method, is

described in Appendix A.

A major shared feature is the steady flow assumption underlyiang the derivation

of equation (2) in the simplified Att-Kin method and equation (A=7) in the

Att=Kin method. This assumption, though essential to its formulation, is not
peculiar to the Att-Kin method. It is used by practically all hydrologic

methods of routing.

Had the development of the mathematical model been purely empirical, the

process of determining the form of both independent relationships would have

September 1985
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been wholly statistical. However, in the approach used, one relationship was
predefined during the initial stage of development., The predefined form of

the relationship was,

= §_ -5 - 6

t, =® [(8 = 5)/(Q - Q)] (6)
in which,

Qp = peak inflow discharge

Qo = peak outflow discharge from the subreach

tg ° time to peak outflow discharge Q

St S valley storage in the subreach associated with QI

So = valley storage in the subreach associated with Q,

Equation (6) is a modified version of a characteristic equation of the Att~Kin
model. It appears in Appendix A as equation (A-21). Thé two—-fold modifica-
tion involved the elimination of the term, ty, for hydrographs rising suddenly
to the peak and multiplication of the bracket on the right-hand side of the
equation by m. The justification for the latter was the observation that,

under the dry-bed initial condition prescribed by the method, the celerity of

the flood wave at the leading tip cannot exceed the mean flow velocity in the
valley reach.

Initially, equation (6) was common to both hydrograph shapes. A second equa-

tion for each shape was developed empirically from data. In the process,

equation (6) underwent additional adjustments and, eventually, assumed a

different form for each submodel. The final versions are represented below in

dimensionless notation by equation (8) for the curvilinear hydrograph and

equation (11) for the triangular.

Curvilinear Hydrograrph

*
Q; = Qet )
L
¢ =ulQ "-1] (8
*
* -t 1 *2 * 1
k={[1-e "J+zla mol}" {5} (9
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Triangular Hydrograph

*
3y = QI [ 1~ %‘] for t* < 2 (104)
*
g = 0 for ¢ > 2 (10B)
_1
t* = aa+Q)[Q8 ™-1 (11)
* 1 =% *32 * b
ko= {e,[1-3¢1-0 <1—Q)}m{g*}
. .
for t, < 2 (124)
* * 1 *
K "‘[1‘Q2 (1-Q)]"[ =] for t, > 2 (12B)
Q

and in which by definition,

(13)

Qr = Qmax
Q
* .
* = 0 (14) )
Qy |
+ T
t = - (15}
I
t QI
- o0
t, = -3 (134)
1
3
* 1
k = (y " (16)
Since for a given j, equation {(2) becomes Q = k SIm
SIm = El_
k
. . QI m
After substitution of 3 for 81, equation (16) becomes,
Q
* L
K = - (16A)
kV

1 \_j)

September 1985



The first equation in either set, i.e., equation (7) and equation (10),
describes the breach hydrograph associated with the model. These equations
are not used in the solution because the pertinent information they contain
has already been incorporated in the remaining equations of the assoclated
model. Equations (8) and (9) form the mathematical model for the curvilinear
shape hydrograph and equations (11) and (12A) or (12B) for the triangular
shape hydrograph. Each model consists of a set of two independent equations
containing four unknowns; k*, t:, Q*, and m. For each model, if two of the
variables are predetermined, the other two may be determined. Normally, m is
determined from the discharge-storage relation, equation (2), and k* is deter~

*
mined from equation (16A), then t, and Q* may be solved for directly.

In summary, the breach routing solution consists of solving equation (2),
equation (16A), and either equations (8) and (9) or equations (11) and (12A)
or (12B).

An important observation is that while the time t0 and the discharge QO appear

explicitly in the expressions for the nondimensional parameters, the distance

L does not. In the general case of nonuniform flow represented by equation

(16), the value of L, as indicated clearly by equations (1) and (2), is

reflected indirectly in the value of SI'

The only time L appears explicitly is when the flow is uniform; for then,
S; = AL L (17)

AI = flow area associated with peak inflow discharge QI

Substituting the right-hand side of equation (17) for S, in equation (16)

I
gives,
AI L
K* = (5" (18)
I

Since in a given situation m, Ay, and VI are fixed variables, the dimension-

*
less parameter k 1s a simple exponential function of L.
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The final observation is that d ., the maximum depth of inundation, does not

appear in the mathematical model because it 1s not determined directly by
it. Its value is determined separately from the value of Qo. The determina-

tion is done by means of the rating curve at the target cross-section devel~
oped, as mentioned earlier, from water surface profile computations.

APPLICATION OF THE SIMPLIFIED ATT~KIN METHOD

Empirical testing of the method for accuracy of predictions is hampered by the

absence of reliable data from actual dam failures. So, the benchmark Informa-

tion has to be generated, artificially, from solutions of more sophisticated

mathematical models. The problem is that practically all such models are
incompatible with the simplified Att-Kin model. For instance, the NWS DAMBRK

model, perhaps the most efficient In its class, will not admit breach hydro-
graphs exhibiting an instantaneous rise to the peak, a built-in characteristic

of the simplified Att~Kin model. Moreover, it cannot be solved for an initial
dry-bed condition, another characteristic peculiar to that model.

The foregoing notwithstanding, the accuracy of the method has been evaluated

through a comparison test of its results with data generated under slightly
modified conditions by the NWS DAMBRK model. Even though limited in scope,

the test confirmed the predicted tendency of the simplified Att-Kin model,
consistent with the dry-bed assumption, of a higher than normal rate of atten—

uation of the peak discharge with distance. Confirmation of suspected gues-
tionable behavior suggested limiting the method’s application to situations in

*
which the value of the parameter kK is smaller than or equal to 1.0. In the
domain beyond that limit, the method may be used with caution, that is, with

" the understanding that predicted values are good only for qualitative assess—
ments of potential hazards.

Where an obstruction, such as a road embankment, stores a significant portion

of the flow from the dam, the obstruction controls the flow downstream; there-
fore, the routing procedure is not applicable downstream of the obstruction.

September 1985
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In the simplified Att-Kin procedure, the storage—discharge curve described by
the calculated m and k values is normally used to represent the momentum
equation. However, where the m value is greater than three or less than one,
the storage—discharge relation is not a good substitution for the momentum
equation. Values of m outside of the range 1 <{ m { 3 represent conditions

which are physically unrealistic for open channel flow. Analysis shows that

for m € 1, pressure flow exists and for m = 3, laminar flow exists. Thus, an

m value less than one or greater than three may be a good representation of

the storage—-discharge curve, but it is not a good representation of the momen-—

tum equation.
Thus, where the m value associated with the storage~discharge relation is

outside of the range of one to three, other routing pfocedures should be
used. The applicable range for m values is shown in figures 4 through 7.

PROBLEM STATEMENT AND PROCEDURE

Problem Statement

Gi :
ven Qmax’

geometric and roughness data for valley cross—-sections,

VI’

and associated distances from the dam;

Find : Qs do, and t, at the valley cross—section located at distance

L downstream from the dam.
Procedure

1. Use given data to develop depth of flow versus area curves for all

cross—sections.

2. Perform water surface profile computations for am array of discharges

containing Qmax’ under the assumptions of suberitical flow conditions in

the valley and uniform flow at its downstream end section. If the compu-

tation terminates normally, go to next step. If not, repeat it starting
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5.

at the upstream end section with flow at critical depth. If this termina-

tion is normal, go to next step. If not, terminate the computation; the
given set of data is not manageable by the method.

Use data computed in step 2 to develop a table relating discharge with

depth of flow and area at each cross=section.

Determine shape of the breach hydrograph.
Use data for the valley cross—section immediately downstream from the dam,
generated in the steps above, to determine flow area A and top width T

associated with Qpax*

J—

m

Compute the square of the associated critical flow discharge at that

cross—section from,

3
72 &4

Qc,d TT

The shape of the breach hydrograph is triangular if,

Q

Qmax 51
c,d
Otherwise, the shape of the hydrograph is curvilinear.

Use the data from steps 1 and 3 to generate area—discharge relationships
and use them next to compute the associated valley storage for each

subreach from equation (l).

Compute values of k and m for each valley reach, using paired sets of Q
and 5 data from step 5 and the procedure in Appendix B or equivalent

alternatives.
*
Set Qp = Q. @and compute k' from equation (16A).

Use the mathematical model for the hydrograph shape selected in step 4 to
% *
compute t, and Q .
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11.

13

Solve the applicable mathematical model graphically using the curves on
figures 4 through 7, pages 31 to 37. Figures 4 and 5 pertain to curvilin-

ear breach hydrographs and figures 6 and 7 to triangular omnes.

In a given situation, the shape of the hydrograph and the values of m and

* : #*
k are known. The applicable figure is then entered with the value of k ,

and a line is drawn vertically upward. The coordinates on the Q*s to*

plane of the point of intersection of that line with the curve labeled m

are the solution values of the two dependent variables.

An alternative to the graphical method ocutlined above is to solve the
applicable mathematical model numerically. Since neither model affords a

*
direct solution in terms of k , an iterative technique has to be used.
The most efficient for the purpose is one iterating about the values of Q*

*
until the value of k computed by the model is about equal to that from
step V..

Compute the maximum flood discharge Qo at the target cross—section from,
*
QO—Q QI

Determine do’ maximum depth of flooding at the target cross—section, from

the rating curve developed in step 3.

Compute the time to peak outflow Q, from,

September 1985
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EXAMPLE 1

Given:

" Qpax = 35,000 cfs .
Reservoir storage volume is 450 ac-ft

== No storm inflow -
The depth of flow versus discharge curves in figure 1

The depth of flow versus flow area curves in figure 2

The two valley cross—sections below;

section 1; at the dam
section 2; 2,500 feet downstream of dam

Determine:

The maximum depth of flow at valley cross—section 2 and the associated J

time of occurrence.
Solution:

The information normally generated in steps 1! through 3 of the procedure is
given. The results from step ! are shown on figure 2, and those from steps 2
and 3 are shown on figure 1. Thus, the solution begins with step 4 of the

procedure.
4, Determine the shape of the breach hydrograph:

a. Determine the depth of flow and the cross—section area at section 1
for Qpax = 35,000 cfs, assuming the dam does not exist.

From figure 1 and for section 1, read the depth of flow,
dy 24,5 ft, From figure 2 and for d1 = 24,5 ft, read
A

2 . N

= 6,850 fr°. . s )

September 1985 :-/(fr_



Determine the critical discharge, Q_ 4» for the depth of flow at
¥

section 1,

Assuming for this example that T = 600 ft when dj = 24.5 ft,

3 3

F  --sa . 86,8500 _ 1y g5 o 1010 £46) gec?
c,d T 600
Q g4 = 131,000 cfs
Then,

- Swax 35,000 _ 0.27 < 1

Q.4 131,000
2

Thus, the flow immediately downstream from the dam is subecritical,

and the breach hydrograph is curvilinear,

Determine the flow areas at each valley cross-section and the valley

i5

storage in each valley subreach for the number of discharges necessary to

define adequately the discharge versus valley storage relationship.

Sample calculations are shown for 0.25 Q .. (Q = 8,750 cfs).

d.

Section 1, (at the dam); i =1, J =0

From figure 1 and for Q = 8,750 cfs, read d1 = 16.5 ft.

From figure 2 and for 4 = 16.5 ft, read A = 2,500 ft2,

Section 2; i =1, J =1

From figure 1 and for Q = 8,750 cfs, read d2 = 12.6 ft.

From figure 2 and for d2 = 12.6 ft, read Ay, = 2,400 ft2.
From equation (1),
(A, + A)

1 : +

S = § + 2 (L -1, ) =0 + (24299___215990(2’500 - 0)
1,1 1,0 1 Q
2 2

51,1 = 6.1 x 10° £3
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Table l.--Discharge-valley storage data for example 1.

Q Sect., 1 Sect. 2 Reach 1
— Q

Qmax A1 A2 S1

cfs ft2 ft2 ft3

0.25 8,750 2,500 2,400 6.1x10°
0.50 17,500 4,200 4,000 10.3x106
0.75 26,250 5,500 5,300 13.5x10°
1.0 35,000 6,850 6,400 16.6x1006

6. Compute the values of k and m for subreach 1:

From equations (B-2) and (B-3) and for the paired [Q, 51] data in table 1,
solve for m and k. Since this example uses four pairs of ¢ and 8, values,

4
4 and n =3 = 2.

N =
o o __l& - 2[log 8,750 + log 17,500] ~ 2[log 26,250 + log 35,000]

- 6 6 6 6

[4 - 2][log 6.1x10 + log 10.3x10 ] - 2[log 13.5x10 + log 16.6x10 ]
m = 1.41
-1,log 8,750 + log 17,500 = 1.41(log 6.1x10° + Iog 10.3x10%)

k = log | 2 ]
Kk = 2.32 % 1070

*
7. Compute k :

From equation (16A) and for Qr = Qmax = 35,000 cfs,

Q 35,000
kv, ™ 2.32 x 10-6[450(43,560)11

.4l

=
]
<
»
~J
oo
o

September 1985



C

* *
8. Determine Q and t, :

From figure 4 and for [m = l.41, k' - 0.788], read:
* *
Q =0.495, t_=0.91

Check results by comparison to those from numerical solution:

*
From equation (8) and for Q = 0.493,
t* = 0.912
o
* *
From equation (9) and [Q = 0.495, t, = 0.9121,
*
k = 0.786

9, Determine the maximum flood discharge at section 2:
*
From equation (14) and [Q; = 35,000 cfs, Q = 0.495],
q, = @, @ = 35,000 x 0.495 = 17,000 cfs

0

10, Determine maximum depth of flooding at section 2:

From figure 1 and for Q, = 17,000 cfs,

do = 16.1 feet

11. Compute time of occurrence of maximum depth of flooding at section 2:

v
I 450 x 43,560 _
q, ~ 735,000 x 3,600 »156 hrs
* VI
tg = t0 '?f' = 0,912 x 0,156 = 0,142 hrs = 8.5 min
I

September 1985
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EXAMPLE 2

Given:

Qmax = 127,000 cfs

Breach with storm inflow
Reservoir storage volume before the storm is 2000 ac~ft

-The total volume of the storm runoff is 1000 ac-ft
The depth of flow versus flow-area curves in figure 2

The depth of flow versus discharge curves in figure 3, for the three

valley cross—sections located as follows:
section 1; at the dam
section 2; 4,000 feet downstream of dam
section 3; 15,000 feet downstream of dam

Determine:

The maximum depth of flow at section 2 and at section 3 and

associated times of occurrence.
Sclution:

The given input data furnishes the information which is normally developed in

steps 1 through 3 of the solution procedure. So, the solution starts, again,

with step &4 of the procedure.

4. Determine the shape of the breach hydrograph:

a. Determine the depth of flow and the cross—~section area at section 1
for QI = Qmax = 127,000 cfs, assuming the dam does not exist.

From figure 3 and for section 1, read the depth of flow,
2
From figure 2 and for d; = 20.8 ft, read A = 4,650 fr~,

b. Determine the critical discharge, Qc ds for the depth of flow
3
at section 1, assuming for this example that T = 575 ft, when
dl = 20.8 ft,

September 1985
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3 3

A 2030) . 5,62 x 107 £t%sec?
»

Qc,d = 75,000 cfs
Then,

Y _ 120000 0y

qQ . - 75,000 = 1*

c,d

Thus, flow immediately downstream from the dam 1s supercritical, and
the breach hydrograph is triangular.

Determine the flow areas and valley storages at each section for the

discharge values necessary to define adequately the discharge versus

valley storage relationship. In this example, discharges of 0.2, 0.4,

0.6, 0.8, and 1 of Q. and associated valley storages are used to define

the discharge versus valley storage relationship.

Sample calculations are shown for 0.2 x Qmax (Ql = 25,400 cfs),

i.e., 1 =1,

. Section 1, (at the dam); i =1, j=0

12,1 ft.
From figure 2 and for d; = 12.1 ft, read A = 1,150 £t2,

From figure 3 and for Q = 25,400 cfs, read d;

b. Section 2; 1 =1, j =1

From figure 3 and for Q = 25,400 cfs, read d, = 9.1 ft.

From figure 2 and for di = 9.1 ft, read Ay = 1,400 ftz.
From equation (1),
A + A
51,1 = 51,07 75 @, -1

1130 2 1300, (4,000 - 0) = 5.1 x 10° ¢

5

1,1 =0+
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on 3; i =1, j=2

Ce Secti

From

From

From

figure 3 and for Q = 25,400 cfs, read dg = 7.2 ft.

figure 2 and for dg = 7.2 ft, read A3 = 1,250 ft~.

equation (1),

A2 + A

3
S1,2 =511 Y C ) 1y - Ly

1,400 + 1,250
2

S = 5.1 x 106 + (

1,2

S 19.7 x 10% £¢3

1,2

2

) (15,000 ~ 4,000)

Table 2.--Discharge-valley storage data for example 2.

Q Sect. 1 { Sect. 2 | Sect. 3 Reach 1 Reach 2
Q

Qmax Al A2 A3 S1 52

cfs ft2 ft2 ft2 ft3 ft3
0.2 25,400 1,150 1,400 1,250 5.1x10% 19.7x10°
0.4 50,800 2,350 2,350 2,050 9, 4x106 33.6x106
0.6 76,200 3,250 3,100 2,950 12.7x106 46.Ox106
0.8 101,600 3,950 3,750 3,700 15.4x106 56.4x106
1.0 | 127,000 | 4,650 | 4,400 | 4,400 | 18.1x10% | 66.5x10°
Reach 1. (j = 1)
6. Compute values of k and m in reach 1:

From equat

table 2, s

paired [Q,
n

Z lo
i=1

ions (B-2) and (B-3) and for the paired [Q, S;]
olve for m and k.

5,1 data, N =

Since this example uses five
5, and n = (5 + 1)/2 = 3,

g Qi = log(25,400) + log(50,800) +‘log(76,200) = 13,993
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7.

8.

9.

N
I  log @ = 10g(101,600) + 1og(127,000) = 10.111
i=p+1 :
o 6 6 6
1 log §; 7 = 1og8(3.1 x 10%) + 10g(9.4 x 10°) + log(12.7 x 10°)
i=1
= 20.785
N 6
)) log S, . = log(l5.4 x 106) + log(18.1 x 107) = 14,445
i,l
i=n+l
Then,
_ (5 =3)(13,9937 - 3(10.111 . 1.33
™= (5 -73)(20.785) - 3(14,445) .
n n
} log(Q) - m log(S, ;)
. =lpi=l i=1 ’
k =1log | o }

-1,_13,993 - 1.33(20.785)
log {

k 3

*
Compute k :

} = 2.82 x 107

5

From equation (16A) and for Q; = Qmax = 127,000 cfs,

I 127,000

Kk V™ 2.82 x 107°[(2000 + 1000)(43,560)}1'3

* *
Determine Q and t,:

From Figure 6 and [m = 1,33, k* = 0.072],

* *
Q =0.89, ot =0.22

Compute the maximum flood discharge at section 2:

*
From equation (14) and for [Q; = 127,000 cfs, @ = 0.89]

Q, = 127,000 x 0.89 = 113,000 cfs

10, Determine maximum depth of flooding at section 2:

From figure 3 and for Q0 = 113,000 cfs, d,

September 1985
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il. Compute time of maximum depth of flooding at section 2:

A
U B S 3000x43,560, _ _
ts™ %o QI = 0.22 ( 127,000 ) 230 sec = 3.8 min

Reach 2. (j = 2)

6. Compute values of k and m for reach 2:
From equations (B-2) and (B-3) and for the [Q, 821 data in table 2, sclve

for m and k.

1.34
= 4,18 x 107°

=
(]

=
!

7. Compute k*:
From equation (16A) and for Q7 = 127,000 cfs,

Q
k* - T _ 127,000 = 0,403

- 2 7
K V? 4,18 x 1070 [131 x 106]1 3

* *
8. Determine Q and ty

%
From figure 6 and [m = 1.34, k = 0.403],
% *
Q =0.719, 't =0.63

9. Compute maximum flood discharge at section 3:
*
From equation (1l4) and for [QI = 127,000 cfs, Q = 0,719],

Q, = 127,000 x 0.719 = 91,300 cfs

10, Determine maximun depth of flooding at section 3:

From figure 3 and for Q0 = 91,300 cfs, do = 14,2 feet.

11. Compute time of maximum depth at section 3:

6
t o=t 0,63 3L X 10 _ 6oy o0 = 10.8 min

Qg 127,000
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9.

23

EXAMPLE 3

Glven:

Quax =~ 200,000 cfs

Reservoir storage volume is 8000 ac-ft

No storm inflow

The shape of the breach hydrograph is curvilinear

The discharge versus valley storage relationship in the valley reach

between the dam and section 5 is represented by the equation:

Q= 0.976 x 1078 g2-5

i.e., k = 0.976 x 107 and n o= 2.5

Determine:

The maximum discharge at section 5.

Solution:

The values of k and m are given so the solution starts with procedure

step 7.

Compute k*:
From equation (16A)

1 200,000 _
k = = -16 2.5 = 0.904

Im 0.976 x 10 [8000(43,560)]°"

*
Determine Q :

From figure 4 and {m = 2.5, k* = 0.904],
Q" = 0.36

Compute the maximum flood discharge at section 5:
*
From equation (14) and for [QI = 200,000 cfs, Q =-0.36],

Qo = 200,000 x 0,36 = 72,000 cfs
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APPENDIX A

THE ATT-KIN FLOOD ROUTING METHOD

Introduction

From the hydraulics point of view, flood routing is a special case of unsteady

flow in open channels. In most instances, the flow is treated as one-
dimensional which implies that spatial variation of physical quantities such
as discharges, velocities, and flow depths is significant only along the

direction of flow. Consequently, the mathematical model simulating prototype

behavior consists only of two partial differential equations; namely, the

continuity equation describing the principle of conservation of mass and the
equationr of motion describing the principle of conservation of momentum in the

direction of the flow.

In the general case of nonprismatic channels, the two equations known as the

Saint-Venant equations assume the form:

29 , 2 p-2)+A 4 _Ag(s.-5,) (A-2)
3t T 3ax* A B ox B 357 ¢
in which,
Q = discharge at point {x,t } on the x, t plane
A = wvalley cross-section at the same point
d % flow depth associated with Q and A
Sg z longitudinal gradient of wvalley flcor
S¢ = friction gradient at point {x,t }
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Added to the above two are the three auxiliary relationships:

ad = £i(a) (A-3)

r = f£5(4) (a-4)

8.2 £3(Q,A,r,n) (A-5)
in which,

hydraulic radius of the flow section

=T |
11

roughness coefficient in Manning’s equation

Relationships (A-3) and (A-4) are developed from geometric data included in

the input vector. The appearance of Manning’s n in the right~hand side of

equation (A-5) does not mandate exclusive use of Manning’s formula; any

reputable friction formula is acceptable.

The simultaneous solution of the above two partial differential equations
together with the three auxiliary ones produces paired values of the two
dependent variables Q and A as discrete functions of the independent variables

X and t, as well as, of the predefined fixed variables Sf and n. In

mathematical jargom, the solution describes the response of the system to the
outside stimuli and constraints stipulated by the boundary conditions.

HYDRAULIC FLOOD ROUTING

The definition of the term refers-to situations satisfying the following

requirements with regard to boundary conditions and method of solution:

There are at least two independent boundary conditions; one of them is the
flood hydrograph applied at the upstream end of the simple linear channel

system considered here, and the other defines the flood flow area A as a

function of time or discharge Q. The second boundary condition applies at

the upstream end valley cross—section, if the flow is supercritical, and
at the downstream end section of the system when the flow is subecritical.

Equation (A-2) may be simplified through the elimination of negligible
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A-3

terms, but it has to be solved simultaneously with equation (A=1}. The

solution of the mathematical model is, in other words, "coupled."

The distinet characteristic of hydraulic routing is reflected in the

associated problem statement which is as follows:

Given the state of the system at time t, i.e., all fixed or dependent

variables defined along the entire length of the channel, determine
the state of the system for time t + At.

Because of the way the solution proceeds, it is said to be "marching forward
with time." 1In the process, the solution produces at the end of each time
interval instantaneous profiles of discharge and flow area or of corresponding
depth of flow, flow stage, and water surface elevation along the entire length
of the reach. The supporting data is stored and used at the completion of
computations to construct routed hydrographs and histograms of stage, flow
area, or water surface elevation at any internal or boundary valley cross—
section., It is evident that the prerequisite for starting the solution is the
specification of two initial conditions; that is, profiles of stage or water
surface elevation and discharge at time zero along the entire length of the

reach.

HYDROLOGIC FLOOD ROUTING

The preceding brief outline of concepts underlying hydraulic flood routing can

serve as the framework for comparing and discussing the class of hydrologic
flood routing methods, of which the Att-Kin method is a member.
The characteristic features of the methods in the hydrologic class are:

1. The first boundary condition is the same as for the hydraulic class.

But, while previously, the application of the predefined single~valued

relationship between Q and A was restricted only to the end cross—
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sections; in the hydrologic class, it is completely unrestricted. Thus,

there are as many such relationships as there are valley cross—sections.

The solution starts at the upstream end of the channel with the inflow
hydrograph as the boundary condition and advances frontally in the
direction of the flow, Thus, in contrast to the hydraulic routing
scheme, the solution "marches forward with distance." In the
conventional procedure, the total valley reach is divided, arbitrarily or
as dictated by the pertinent input data, into a number of subreaches.
Each subreach, beginning with the most upstream, is dealt with completely
before proceeding with the solution of the flood routing problem in the
subreach immediately downstream. The mathematical model is solved
repeatedly at predefined time intervals for each subreach, generating the
necessary data for the complete definition of the outflow hydrograph-from
the subreach. This hydrograph is used at the beginning of the next
computational cycle as the inflow hydrograph to the subreach immediately

downstream.
The problem statement of hydrologic flood routing methods is:

Given the complete hydrograph at valley section j, comstruct the

hydrograph at section jtl.

The continuity equation (A-1) may be used as is or in the integral form,

§, = S; + ( Q= Q) At (A-6)
in which,
8 £ valley storage at time tl
52 £ valley storage at time t2 = t; +At
61 £ average outflow from the reach
during the time interval At =ty — &,
52 = average inflow into the reach

during the time interval At = t; = F

The equation of motion (A-2) is simplified through elimination of the
first term, the first and the second, or all three terms on the left~-

hand side of the equation., Elimination of the first term is mandatory

and of the other two, optional. The simplification not only reduces the
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complexity of the partial differential equation in time and space but
also transforms it into an ordinary differential equation in space
only. Then, the simplified equation can be integrated along the
direction of flow independently of the continuity equation (A-6).
Integrating of the equation along the direction of flow allows for the

development of the discharge versus flow area relationships through

conventional steady-state water surface profile techniques. '

So, in brief, simplification of the equation of motion (A~2) is allowed
in all methods, regardless of class. Yet, whereas for methods in the
hydraulic class, the elimination of the term 3Q/3t is optional; for those
in the hydrologic class, it is mandatory. Integration of the simplified
equation (A-2) is mandatory, whereas, for those in the hydraulic class,
it is forbidden. Because of the way the associated mathematical models
are integrated, the solutions of the hydrologic methods are called

"uncoupled.”

Results from independent integration of the reduced equation (A-2),

which, in essence, are data generated from steady-state water surface

profile computations, are used next to develop single-valued
relationships between discharge and associated valley-storage or

associated local hydraulic parameters, such as valley cross-sectionm,
stage, and water surface elevation.

Typical discharge—storage and discharge-flow area relationships are:

- (A=7)

o
]
e
wn

Q =k, A (A-8)

Hydrologic flood routing models are formed by combining equation (A-1) or

equation (A-6) with either equation (A-7) or (A~8).

Generally, no attempt is made by hydrolegic flood routing methods,

although the necessary data is available, to test whether or not the

instantaneous water surface profiles produced by the solution satisfy the

second equation of their model.
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7. The built-in stability of the hydrologic flood routing models renders
their solutions immune to hazards created by extraordinary boundary or
initial conditions that often prove fatal to hydraulic routing models.
Specifically, most hydrologic models are capable of admitting inflow
hydrographs exhiﬁiting instantaneous rises and of handling initial
conditions of any type, including the dry~bed one.

HYDROLOGIC FLOOD ROUTING METHODS

Hydrologic routing methods can be identified further by subclass according to

formulation of their mathematical model. The two most distinct groups, in
that respect, are the subclasses of "storage" routing methods and of

"kinematic" routing methods. Salient features of the two groups are discussed

below.

"Storage" flood routing methods are hydrologic flood routing methods in whose

mathematical models continuity is represented by equation (A-6) and the

equation of motion is represented by equation (A-7).

A typical formulation of mathematical models in the subclass is,

§p = 5, + ( Q- Q) At  (a-6)
m
Q = kS 5 s {A"7A)
and since
3 - Qat Y.
1
Q — @
sy + 12 ae = 51+ (q- 3D At (a-9)

Equation (A~9) is solved simultaneously with equation (A-7A). Solving the
system of the two equations can be done numerically using a tabular form or

semi-graphically using reference graphs.

The postulate in most storage flood routing methods is that the coeffi-

¢cient and the exponent in equation (A-7A) are the same as those in equation
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(2). Consequently, their values can be determined by methods similar to the

one described in Appendix B,

"Kinematic" routing methods are hydrologic flood routing methods whose models

express continuity by equation (A-1) and dynamic equilibrium by
equation (A-8).

The typical mathematical model of the subclass is,

3Q A . -

3% T3¢ =0 (A-1)
m

Q =k, A . (4-8)

‘Application of the chain differentiation rule on equation (A-l), yields,

_9_

°’I>
1S

_ 8
t - 3x

o|:>

Q>
(nd
1}
<

(A-10)

GJ

Also, by setting the total differential of Q equal to zero, we get

a9 3Q . -
dQ =35 dx + 37 dt = 0 (A~11)

] ]
Eliminating the terms g% and g%‘ between equations (A-10) and (A-11), and
completing the algebra results in,

ala
rrlM
I
Q|
o Vo)

(A-12)

The mathematical interpretation of equations (A-11) and (A-12) is that the
value of the characteristic function Q remains conmstant along the
characteristic line whose differential equation on the x, t plane is equation

(A-12}. The corresponding hydraulic interpretation is that during the time
interval At the instantaneous discharge through any channel section will be

translated without change to another.section located at a distance Ax

downstream, such that,
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From which, the speed of travel of discharge Q is defined as

29
A

(]
N
mln
i

Q2

The quasi-steady formulation resulting in equation (A~8) allows substituting

total derivatives for partial ones.

Hence, a -1
.80 _dQ _ oy -
c YT k A =m =y m V (A-13)

V = average flow velocity through cross-secticn j at the

beginning of time interval At.

The problem statement in kinematic flood routing is:
Given: The profile of discharge in the reach between cross-—

sections 2 and 1 at time t1, and the relationship,

"
Q = koA

Find: The outflow discharge Q; , from the reach at time tye
L]

The concept underlying the kinematic approach is that at time tl’ there is a
discharge Qi through section 3, located between sections 1 and 2, moving

downstream at a speed of dQfdA = tan 0. Then, during the time interval
ty = tl’ the discharge Qi will travel the distance between sections 3 and
1 to become the outflow discharge Ql , 8t time t,, The sketches below

. 3

illustrate the concept.

The curve in sketch {a) represents the relationship between the discharge and
flow area at section 3 in the reach, located at distance CxL, 0 < C < I,

upstream from section 1.
Sketch (b) shows segments of the inflow and outflow hydrographs, i.e.,

at sections 2 and 1, respectively. The former is defined for all times and

the latter to time ty-
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Finally, the curve on sketch (c¢) simulates the assumed known discharge profile
in the reach at time t.

So, the only thing one has to do is,
assume a value of C
compute the distance CxlL
find from the profile on sketch (¢) the associated discharge

determine the angle 8 from sketch (a)
CxL
-t
275

set ¢ = tan §, and check whether or not ¢ =

The main difficulty in practice is with defining adequately the curve on

sketch (c) at time tp» and to a lesser degree, the curve on sketch (a).

THE ATT-KIN METHOD

The Att-Kin method is a hydrologic flood routing method differing from the

norm in the following two major aspects:

In contrast to the conventional arrangements of valley subreaches in series,
the subreaches in the Att—-Kin method are arranged, so to speak, in parallel.
In other words, each subreach begins at the first valley cross-section
upstream and ends at some other cross-gsection downstream. So, the same flood
hydrograph is routed independently through each subreach and, if so desired,

in arbitrary order.
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In contrast to the conventional treatment of the storage and kinematic flood

routing submodels as mutually exclusive, the Att~Kin method, on the strength
of the observation that neither submodel is able to account fully for the

required valley storage, uses both submodels. Specifically, it uses the
storage routing submodel to determine the part of valley storage in the

subreach required for attenuation of the peak and the kinematic submodel to
determine the part of the valley storage associated with the transformation

imposed upon the outflow hydrograph Q;(t) by the kinematic nature of the flood

wave.

THE ATT-KIN MATHEMATICAL MODEL

The storage submodel consists of the conventional two equations mentioned in

page A-6. These are:

m
Q = kS § s (A_7A)
Q - @
s, + =% ar = 5 + (§,- D ac (4-9)
2 2

Solution of the submodel for a given inflow hydrograph produces the following
data:

= peak outflow

Qo

V £ associated valley storage
5

t

5

= time of occurrence of QO
and

Ql(t) = storage routed hydrograph

The transformation of the outflow hydrograph Q;{(t) consists of a relative
distortion and a pure translation, both with respect to time. The associated

volumes are determined through application of the concept of kinematic routing
described in item "Kinematic" routing methods, pages A~7 and A-8.

The distortion of the hydrograph is caused by the fact that large discharges

travel at a different speed than smaller ones, as indicated by equations (A-8)

September 1985



Cad 0 g Cbo a Ced

\a = k™ 2
Q 3

i 1

) /

A Yy

Finally, the curve on sketch (¢) simulates the assumed known discharge profile

in the reach at time tl.

So, the only thing one has to do is,
assume a vaiue of C
compute the distance Cxi

find from the profile on sketch (c) the associated discharge

determine the angle 8 from sketch (a)
CxL

t -t
2 1

set ¢ = tan 6, and check whether or not ¢ =

The main difficulty in practice is with defining adequately the curve on

sketeh (c) at time ty» and to a lesser degree, the curve on sketch (a).

THE ATT-KIN METHOD

The Att-Kin method is a hydrologic flood routing method differing from the

norm in the following two major aspects:

In contrast to the conventional arrangements of valley subreaches in series,
the subreaches in the Art-Kin method are arranged, so to speak, in parallel.

In other words, each subreach begins at the first wvalley cross-section

upstream and ends at some other cross—section downstream. So, the same flood
hydrograph is routed independently through each subreach and, if so desired,

in arbitrary order.
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In contrast to the conventional treatment of the storage and kinematic flood

routing submodels as mutually exclusive, the Att-Kin method, on the strength
of the observation that neither submodel is able to account fully for the

required valley storage, uses both submodels. Specifically, it uses the
storage routing submodel to determine the part of valley storage in the

subreach required for attenuation of the peak and the kinematic submodel to
determine the part of -the valley storage associated with the transformation

imposed upon the outflow hydrograph Q(t) by the kinematic nature of the flood

wave.

THE ATT-KIN MATHEMATICAL MODEL

The storage submodel consists of the conventional two equations mentiomed in

page A-6. These are:

m
Q = ks S S8 (A‘?A)
Q - Q
2 2

Solution of the submodel for a given inflow hydrograph produces the following

data:
Qo 2 peak outflow
VS = associated wvalley storage
tS = time of occurrence of Q0
and

Ql(t) Z storage routed hydrograph

The transformation of the outflow hydrograph Q)(t) consists of a relative
distortion and a pure translation, both with respect to time. The associlated

volumes are determined through application of the concept of kinematic routing
described in item "Kinematic" routing methods, pages A-7 and A-8.

The distortion of the hydrograph is caused by the fact that large discharges

travel at a different speed than smaller ones, as indicated by equations (A-8)
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and (A-9). Consequently, the time required for the former to travel the
distance L, the length of the reach, will be different than for the latter.

According to equation (A-13), the speed of travel of a discharge Q = Ql(t)

d d
is ¢ = aA * In nomuniform flows, the speed E% is meaningless when the symbol
A denotes the flow area associated with Q at a particular cross—section of the

subreach, as implied by equation (A-8). The logical area, in this case, is
the mean flow area in the subreach, defined as,

7= L -
A=— joAdx (A-14)

Then, equation (A-13) becomes,

c = i_)‘ = ‘qg' é-s—. ) E (A."].AA)
da dS dA

and since, by definition,

L
8§ = fo Adx (A-15)

eliminating the integrals on the right-hand sides of equations (A-14) and
(A-15) results in S = A L , from which

5,
dA
dQ ds d
and ¢ =‘_Q__= L‘2 (A-16)
ds dA ds

Associated with the speed of travel ¢ of the discharge Q is a time of travel
tl, such that

L
c =7
Y
from which
L ds
15 ¢ T aQ (A-17)

For the peak discharge Qo
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so, by definition,

ds ds

_.—.____0 -
§t = t]. - tl,O = dQ dQO (A 18)

kinematic distortion of the outflow hydrograph associated
with the discharge Q = Ql(t) relative to the distortion

§t

of the peak outflow discharge Q4¢

The variables Q and S are related to each other through equation (A-7)

which solved for S, becomes,

qQ
= o 10 -18A
8, (k) (A-18A)
S = valley storage in the reach associated with peak outflow Qo.

The associated infinitesimal volume resulting from the distortiom of an

increment of discharge dQ is,

from which

Q ds  dS_
Vg = [o lag -3 ] 4@ (A~19)
o)

V4 = valley storage attributed to kinematic distortion.

Integration of the right-hand side of equation (A-19) by parts gives,

and from equation (A-18A),

[s @dQ‘on o Q'dqo o m
Hence,
Vy = 50(1-711-1—) (4-20)
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The puré translation of the outflow hydrograph is equal, by definition, to the
translation of the peak outflow Q,. It may be explained, physically, as the
time lapse between the occurrence of the peak inflow at the upstream end of
the reach and the occurrence of the peak outflow at the downstream end. Then,

according to the kinematic concept,

ds
t —t = L = dX =-d"s—
o To& &,
dA dA

in which

t, = time to peak outflow Qo
t

1= time to peak inflow QI

In the expression above, Q varies between Q, and QI and S between So and SI'

For the evaluation of the term d$/dQ, the Att-Kin method uses the

approximation below,

as  °1~ 5

QT
Q" T
which is considered adequate for the purpose. Thus, the éxpression for

the time to peak outflow becomes,
S5 -8

I 0
QI - Qo

SI = valley storage associated with QI from equation (A-7).

t = t_ +

o I (a-21)

-
[}

t t t
f J'o° Q,(t)dt = jos Q, (t)dt +jt‘s’ Q,(t)dt

-
n

i £ total volume of inflow into the reach from time zero to time to‘

The volume represented by the first integral on the right-hand side of the
equation above is equal to the sum of three volumes; the valley storage
associated with Qg and determined by the storage routing sub-model, the part
of valley storage attributed to the distortion of the outflow hydrograph, and
the net volume of outflow from the reach during the time interval between zero
and €., Thus,
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t
s -
[ 9 (t)ae = AR ARA

d
V, ¥ net volume of outflow from the reach to time to.
Letting,
v, = J’E: Q,(t)dt (A-22)
Vi = Vs + Vd + Vo + Vt
Hence,
Sp = V; - Vo = VS + Vd + Vt (A-224)

Sn Z net valley storage in the reach at time tO

The key argument in the Att-Kin method is that the net storage as determined
by equation (A~224) is equal to the valley storage computed from equation
(A-18A). In other words,

' S, =S, =V +V 4V
In summary, the mathematical model of the Att—Kin method consists of the

following ten equations:

Q, . _ Q ._ :
sl’i+-l§lm =S 41 7 (Qz’i— —-1-*%—1) At (A-23)
m
= 5 -
Q(e) = ks (A-24)
m
Q =Q(t )=k y8 (A=25)
0 1°7s 5 s
tg =] At (A~26)
= m
Q, =k S, (A-27)
Qp = k 8,  (A~28)
1
Vd = So(l - —Erﬁ (A-29)
S. - 8§
= A o -
to=t + R (4-30)
tC)
V. = fts Q, (t)dt (A-31)
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= + <+ -
S° Vs Vd Vt (A-32)

The variables and their number in the above equations are:

Equation

(A~23) Spr Qs 85, Q, 4
(A-24) ks’ mg 2
(A=25)  Q» s Y, 3
(A-27) k, @, S, 3
(A-29) V4 i
(A-30) to? tI 2

1

(a-31) v,

for a total number of 18

The predetermined variables are the following six:
Q2’ QI, tI, At’ k, and Me

It appears that the system of the Att-Kin mafhematical model consisting of ten
independeént equations containing eighteen variables, of which six variables
are treated as independent, is two equations short of consistent. Actually,
the system is only one equation short because of the relationship between k
and ks resulting from elimination of Qo between equatioms (A~25) and (A-27).
The problem of the missing equation is resolved in the Att-Kin method by
assuming

n,o=n
Then, the relationship between k and kg mentioned earlier becomes,

S m

= P
k, =k { T ]

Consequently, equation (A~24) becomes,

m
) s™ (A-33)

SO
Q; = k (-3
s

Equations (A~23) and {A-33) are the components of the storage routing submodel
used by the Att-Kin method.
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PROBLEM STATEMENT AND SOLUTION PROCEDURE

Given the input data set:
Inflow hydrograph data { £, Qz(t) }: Q1> tI
the computational time interval At

and the values of k and m,
Find:
(a). The peak outflow Qo and the time to peak to.

(b). A set of paired values [ Qj, t ] of the outflow hydrograph.

Solution Procedure:

(a). Setting,

c=—2— _0<¢c<l
S
o
equation (A-33) becomes, J
g
Q =k (7)) (A-34)
c

Because of its structure, the Att-Kin mathematical model does not afford a

direct solution, The procedure for solving the model indirectly by means of

an iterative technique about the value of the coefficient C is given below.

1. Assume a value of C. Due to the constraint imposed by equations _
(A-29) and (A-32), the selected value of C must satisfy the conditiom, :

(V + V)< 8
s d o

1
(1 m+C)<1

or

1
Thus, the selected value of C must be equal to or smaller than 2

In the event C = 1l/m, 5, = Vgt V4. Then, from equation (A-32),
v, = 0, and, from equation (A-31), to = tS. The physical interpre—

tation of to = t  is that the storage routed flood hydrograph will be _ })

attenuated and distorted with time, but not translated.
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3.

10.

11,

(b).

A-17

Perform storage routing computations using equations (A-23) and (A-34)

to determine Qo’ VS: t;, and the array { Ql’ t}.

Compute § ' from equation (a-27) solved for S, using given values of k and
m, and the value of Q, from step 2.

Compute Vd from equation (A-29) using given value of m and the value of S0

from step 3.

Compute SI from equation (A-28) solved for SI’ using input values of m, k,

and QI-

Compute to from equation (A-~30) using input values of t_ and QI’ and known

1
values of Q_, So’ and S; from steps 2, 3, and 5, respectively.

Compute V. from equation (A-31) using input values of Qz(t) and known

values of t,and t  from steps 2 and 6, respectively.

Compute S0 from equation (A-32) using known values of VS, Vd, and Vt, from

steps 2, 4, and 7, respectively.

If value of Sy from step 8 is close to the value of S0 from step 3, go to

step 11,
Modify C, enter the new value in equation (A-34), and return to step 2.

The sought for values of Q0 and t0 are those from steps 2 and 6,

respectively.

The procedure below determines the displacement with time of a point on the

storage routed flood hydrograph whose coordinates on the Q, t plane determined

in part (a) of the solution are Ql,i, tl L.

y1

This part of the solution procedure uses the basic relationship between valley

storage in the reach and outflow discharge represented by equation (A-7)

solved for S, i.e.,
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1
s = ()" | | (4-35) )

Through the substitution of $y . for S, and of Q i for Q, equation (A-35)
3

»

becomes,
1
g _ (Ql,i)m
1,1 k
L)
Hence, ,
1_ '
dsl.i _ 1 Qm 1
B 1 1,1
Qs pxtmh
Similarly, using equation (A-27) and the parameters S, and Qo’ results in,
1_
ds 1 m 1

0
= Q
dQO 0 kI/m o

1. Use input values of k and m, the value of'Q0 determined in part (a), and

the selected outflow discharge Ql,i in equation (A-18), to compute, _
1 _ r_ ,’
se o dsl,i dS0 1 ) Qm 1 Qm 1) _
= - = 1 1,i
Q1,1 on m k /n > ©

6t = time displacement of discharge Q) 3 due to kinematic

1

distortion.

2, Use the values of tg and t0 from steps 2(a) and 6(a), respectively, in the

definition below to compute 6t0

st
G

Gto

t -t
c 8-

time displacement of discharge Q1 i
]

due to kinematic

i

tranglation.

3. Compute the tatal kinematic time lag of discharge Q; ; from,
3

5 =5t +6
B, T 0% T oL,

The time lag of a discharge is the same for the rising and falling limb of

the storage-routed hydrograph.
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where 0 < Q< Q,. Simce the pure translation, 8t

A-19

4. Determine the time coordinate of the Att—Kin routed discharge Q1 1 from,
;]
+
€0 T8ty
The procedure is repeated as many times as needed with different values of Q,
os 1s the same for all
points of the hydrograph, step 2(b) may be omitted in all computational cycles

after the first one.

The sketch below serves the dual purpose of defining symbols and of describing
visually the unique features of flood routing by the Att-Kin method.
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APPENDIX B

Determination of exponent m and coefficient k in

valley reach j by the "method of averages";
(Smith and Gale 1956)

The procedure used by the method to determine m and k consists of the

following steps:

2.

Substitute paired Q, Sj data into equation (3), appearing below as

equation (B-1), to obtain the same number of equations as there are

pairs of such data,

log Q; ~ log k + m log Si,j (B~1)

Divide the resulting equations into two groups, with each group

having as nearly as possible the same number of equationms.

Compute the following partial sums of the terms on the left- and

right-hand sides of the equations in the two groups:

N

n
] 1osq, ] 1os ¢,
i=1 * i=n+l
n N
L log S. . 1 log s, .
i=1 sl i=n#l o]
in which:
N = number of paired Qs Si,j data
N - N+l
no= 5 when N is even, and < when N is odd
Q; = outflow discharge in cfs
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Si i £ valley storage in ft3 associated with discharge Qi in
»

reach j; i.e., the valley reach between sections 1 and j+l.

Compute the values of m and k from equations (B-2) and (B-3),

respectively:
n N
[N - n] log @, - n) log Q
i=1 1 i=n+l i
m = = N (B-2)
[N-n] J logs, -~ n] log S,
1=l B3 gapy 0 B

n n

} logQ -m i log S

= i - i,j
-1 [ i=1 i=1 2

n

k = log ] (B=3)
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TECHNICAL RELEASE NO. 66, APPENDIX C *

USER'S MANUAL FOR MICROCOMPUTER PROGRAM FOR
SIMPLIFIED DAM-BREACH ROUTING PROCEDURE

INTRODUCTION

The simplified dam-breach routing procedure develops an analytic breach
hydrograph from a breached dam and routes the flood wave downstream to
determine downstream peak discharges and associated stages.

The procedure is a combined hydrologic-hydraulic method. The hydrologic
portion develops the breach hydrograph. The hydraulic portion is a simplified
version of a simultaneous storage routing-kinematic routing method, the
Attenuation-Kinematic (Att-Kin) model. The Att-Kin model accepts a breach
hydrograph at the upstream end of the reach and, continuously, in time and
space, routes the flood wave downstream.

Technical Release No. 66 (Third Edition)

The following discussion uses TR-66 when referring to Technical Release No. 66
(Third Edition), "Simplified Dam-Breach Routing Procedure.” TR-66 presents
the assumptions used and a detailed discussion of the procedure, and it alse
contains the information needed to route the flood wave from a breached dam
without the use of a computer. The applicability of this routing procedure is
discussed in "Application of the Simplified Att-Kin Method” on page 10 of
TR-66.

Purpose of Appendix

The purpose of this appendix is to present the microcomputer program for the
routing procedure given in TR-66. This appendix presumes the user is familiar
with TR-66.

This appendix presents the required input data, the limits and restrictions on
the data, the order of data entry, program output, and instructions for
computer operation. It also discusses the assumptions and the solution
techniques used in the program. Finally, the appendix gives example problems
which will help the user execute the program with actual case data. '

Computer Program

The program is written for microcomputers with an MS-DOS operating system.
The program cperates in a batch mode; that is, the required input data file
must be prepared before running the program.

Gerald J. Lang, Stare Conservation Engineer, New Hampshire prepared the
microcomputer version of this program; and John A. Brevard and Hun J. Goon
Civil Engineers, Technology Development and Support Staff, Engineering
Division, Washington, D.C. wrote this user's manual.
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INFORMATION FOR INPUT DATA

The amount of data entry required depends on the number of valley sections
used. However, since breach routings are approximations, the user does not
need to specify the input data with extreme accuracy. For instaace, an
accuracy of three or four significant figures is adequate for the input data
for end areas and discharges; and the input data for elevations and depths is
adequate when furnished to an accuracy of 0.1 foot. If the suggested accuracy
is used, data eatry is reduced and simplified; and the final routing results
will not suffer.

The user can also reduce the total input by furnishing only the data which
defines points of major sectional variation iIn relations without significantly
affecting the routing results. The user may verify these accuracy statements
by executing the program with different levels of input detall and comparing
routing results.

The following defines the Input parameters, provides guldance in the selection
" of the needed input, and discusses some program assumptions. For gpecific
details about the input format and units, see the "Instructions for Entry of
Input Data" beginning on page C-5.

Input Data at the Dam

The input data for the computer program includes data which is associated with
the dam, the reservoir, and the valley section at the dam. The following
information gives some detall about this data.

Total volume of breach flow.——The assumed total volume of breach flow, Vis
depends on whether the breach is assumed to occur without-storm inflow or
with-storm inflow. 1If a without-storm inflow situation is assumed, the total
volume of breach flow is the reservoilr storage at the time of failure. If a
with-storm inflow situation is assumed, the total volume of flow is taken as
the sum of the volume of reservoir storage at the time of breaching plus the
part of the storm hydrograph still approaching the reservoir from upstrean.
For additional explanation, see page 2 of TR-66.

Maximum discharge.--The user may specify or the program will determine the
maximum discharge, Q from a hypothetically breached dam. The program will

max?
determine the Q. , value using user—supplied information and the breach

discharge criteria in Technical Release No. 60.
If the user does not specify Qu,,, the following information must be
furnished.

Depth of water.-~The depth of water, H,, at the dam at failure is measured

from the water surface in the reservolr to the stream bed; however, if the dam

is overtopped, depth is set equal to the helght of dam. TFor the program to
determine Qy,,, the H, value must be between 6 feet and 500 feet.

Reservoir storage.—--The program uses the reservoir storage, Ve, at the time of

failure to calculate the breach factor, B,, which is used to determine the
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breach discharge. See Technical Release No. 60 for the definition of the
breach factor, B,-

Cross-sectional area of dam.--The program uses the cross-sectional area of the
dam, A, at the assumed point of breach (usually at the gencral flood plain
template section) to calculate the breach factor, B., which is used to

determine the minimum breach discharge. The user may specify the cross-
sectional area of the dam or furnish the coordinates defining the dam cross
section so that the program can determine the area. Beginning with the
coordinates for any point on the cross section, the user must enter the
specified coordinates for the dam cross section in order, either clockwise or
counterclockwise, around the ecross section.

Depth or elevation-top width relation.—-The program uses the depth or
elevation-top width relation of the valley section at the dam to determine the
top width of the water surface agssociated with the depth of flow or water
surface elevation for the discharge, Q at a section immediately downstream

max’
of the dam. The user must give this relation for the section assuming the dam
does not exist.

Input Data for Valley Sections

The user should select the valley sections to account for significant changes
in the size, shape, or slope of the valley; at points of interest, such as
roads and buildings; and at tyibutaries where the tributary off-channel
storage is considered.

The following gives some detail about the valley section data which is needed.

FElevation—discharge—end area relatiom.-—-The user wmust furnish the elevation-
discharge-end area relation for each valley section of -interest. The user
mwust enter the relation in order of increasing elevation. The user must enter
the relations for the wvalley sections sequentially starting with the cross
section at the dam and proceeding downstream.

Distance between valley sections.——The program uses the flow distances between
valley sections to compute the valley storages for selected discharges from
the dam to the selected valley sections. The user furnishes the distance from
the valley section to the immediately preceding valley section. If the valley
section is at the dam, the distance 1s zero.

Input Data for Tributary Storage

TR-66 does not discuss in detail the handling of tributary {or off-channel)
storage; therefore, in this program, two assumptlons are made:

1. The floodwave moves up the tributary at the same velocity as It moves
4 down the main valley. Thus, the reach lengths on the tributary, used
to determine the applicable off-channel storage, are equal to the
corresponding distances between valley sections. For example, In
Figure C-1, the distance between maln valley sections 4 and 5 is equal

to the distance between tributary sections 4' and 5°'.
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2. The water surface in the tributary is level, and its elevation is
equal to the elevation of the water surface at the junction of the
main channel and the tributary.

Figure -1 shows a sketch of a tributary junction with a main channel. The
valley section at the junction (in this example, valley section 4) should be
located just downstream of the junction and so that the valley section is
typical of the main valley in the vicinity. The tributary is assumed to
provide no off-channel storage for the valley reach from the dam to the valley
section at the tributary.

The storage in tributary reach 4'-5' is considered off-channel storage for the
main valley reach 4-5. The additional off-channel storage for wmain valley
reach 5-6 is the storage in the tributary reach 5'-6'.

If a tributary's storage 1s to be considered In the routing of the floodwave,
enter an elevation vs. storage relation for each reach of the tributary.
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LIMITATIONS ON INPUT DATA

The pregram limits the amouat of data that may be entered. The following
table gives those limits.

Data Items Limits

Sets of height or elevation and distance

coordinates defining the embankment
cross section 20

Sets of depth or elevation and valley

top width values at the dam 20

Valley sections 50

Sets of elevation, discharge, and

end area values at a valley section 20

Tributaries considered for off-channel

storage 15

Reaches on a tributary . 10

Sets of elevation and off-channel storage

values for a reach of a tributary 20

INSTRUCTIONS FOR ENTRY OF INPUT DATA

The program requires that the input data be entered into a data file in a
specific manner. This appendix provides input forms as an aid in tabulating
and entering the input data, and the following instructions provide additional
information for use with the forms.

General Instructions for Input Data

The following instructions are general and do not apply to a particular entry:

1.

Enter data in 10-column fields except for the "2 XSECIN" record and
the related stream cross section data (Input Form 5) which use the
same format as the output from Technical Release No. 61, "WSP2
Computer Program” and the input to Technical Release No. 20, "Computer
Program for Project Formulation — Hydrology.” See the instructions
for Input Form 5 for the details. A record is composed of a control
word field and six data fields.

Do not enter data in columns 71-80.

Include a decimal point in all numbers.

In relatiouns with elevations, enter as the first elevation the ane
corresponding to a zero value for the related parameter or parameters.
Enter an "ENDTABLE" record as the last record for each table of input
values, except for the "2 XSECTN" record table which uses an

"9 ENDTBL" record.
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Specific Instructions for Input Data

The following instructions complement the instructions given on the individual
input forms.

Input Form l.--The following instructions describe the input for Input Form 1:

1.

The first two records of the form are for the alphameric information
identifying the job. Enter the control word "TITLE" in the control
word field of each of the two records. Enter the current date in the
second field of the first record. These two records are required.
The next record is the "BREACH” record which contains the assumed
total volume of breach flow, VI’ in acre feet, and the specified

maximum discharge, Q in cubic feet per second from the

max?

hypothetically breached dam. Qmax is optional. Enter the control

word "BREACH" in the control word field. Enter Vi and Qp,y in data

fields 1 and 2, respectively. If Q is not specified, enter "0." in

field 2. max
a. If Q. . is specified, go to the "DMVALSEC" input form (Input
“Form 3).
b. If Q is not specified, go to the "CMPBRCH" record.

max

The "CMPBRCH" record is used to enter the depth of water at the dam at

time of failure, Hw’ in feet; the reservoir storage at the time of

failure, V in acre feet; and the embankment cross—sectional area, A,

r’
perpendicular to the centerline of the dam, at the point of breach
(usually at the general flood plain template section), in square
feet. The area A is optional. Enter the control word "CMPBRCH" in
the control word field. Enter Hw’ Vr’ and A in data fields 1, 2, and

3, respectively. If the cross—sectional area of the dam is not
furnished, enter "0." in field 3.

a. If area A is not furnished, go to the "EMBXSEC" input form
(Input Form 2). After complesing Input Form 2, go to the
"DMVALSEC" input form (Imput Form 3).

b. If area A is furnished, go to the "DMVALSEC" input form {Input
Form 3).

After completing the "DMVALSEC" input form, go to the "REACH" record
and the "XSECTN" record (Input Form 4) or the "REACH" record and the
"2 XSECTN" record (Input Form 5), depending on the form desired for
the valley section data.

Repeat the use of Input Form 4 or Input Form 5 as needed.

If tributary storage is considered, go to the "TRIBSTOR" input form
(Input Form 6). After the tributary information is entered, go to
step 8.

If tributary storage is not considered, go to step 8.

Enter the control word "ENDJOB” in the control word field of a record
and enter the control word "ENDRUN" im the control word field of a

record.
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Input Form 2 (EMBXSEC).--The "EMBXSEC" record tells the program that following
this record are coordinates defining the embankment cross section. The
fallowing instructions describe the input for Input Form 2:

l. For the "EMBXSEC” record, enter the control word "EMBXSEC" in the
control word field and enter either “FT" or "ELEV" in data field 1 to
indicate whether the following data is height or elevation and

horizontal distance values.
2. The records following the "EMBXSEC" record contain sets of height or

elevation and distance coordinates. Enter height or elevation values
in data field 2 and the corresponding distance values in field 3. The
units are in feet. Establish the height values and the horizontal
distance values from arbitrary baselines. Enter these sets of
coordinates in a sequence {clockwise or counterclockwise) which will
define the dam cross section. The program limits the number of sets
of height or elevation and distance coordinates to twenty.

3. After entering all coordinate values, enter an "ENDTABLE” record and
go to Input Form 3.

Input Form 3 (DMVALSEC).--The “DMVALSEC"™ reccord tells the program that
following this record is the depth or elevation and valley top-width relation
for the valley section at the dam. This relation reflects the valley section
as if the dam does not exist. The following instructions describe the input
for Input Form 3: -

I. For the "DMVALSEC" record, enter the control word "DMVALSEC" in the
control word field, the structure number for the dam in data field 1,
and either "FT" or "ELEV"” in data field 2 to indicate whether the
following data is depth or elevation and valley top width values.

2. The records following the "DMVALSEC" record contain sets of depth or
elevation and valley top width values. Enter depth or elevation
values in data field 2 and the corresponding valley top width values
in data field 3. The units are in feet. The limit on the number of
sets of depth or elevation and top width values is twenty-.

3. After entering all depth or elevation and top width values, enter an
"ENDTABLE" record and go te Input Form 4 or 5.

Input Form 4 (RBREACH and XSECTN).--The "REACH" record tells the program that
the following information is the valley cross section number and the distance
to the immediately upstream valley section. The "XSECTN” record tells the
program that following this record is the elevation, discharge, and end area
relation for a valley section. The following instructions describe the input

for Input Form 4:

l. For the "REACH” recoré, enter the control word "REACH" in the control
word field, the valley section number in data field 1, and the
3 distance to the immediately upstream valley section in data field 2.

Enter, as the first valley section, the information for the valley
section at the dam. The valley section identification may be any
number between 1 and 200; however, the section numbering must increase
in the downstream direction. For the section at the dam, the distance
to the immediately upstream section is zero.
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2. TFor the "XSECTN" record, enter the control word "XSECTN" in the
control word field and the valley section number in data field 1.

. 3. The records following the "XSECTN" record contain sets of values of
elevation, in feet; discharge, in cubic feet per second; and end area,
in square feet, for the valley section. Enter elevation values in
data field 2, discharge values in data field 3, and end area values in
data field 4. The first elevation value must correspond to a
discharge value of zero and an end area value of zero. The limit on
the number of data sets is twenty.

4. After entering all the data for the valley section, enter an
"ENDTABLE" record.

5. If additional valley sections must be entered, use another Input Form
4. Enter the remaining valley sections sequentially.

6. If all valley section data has been entered and tributary storage is
not to be considered, this is the end of data entry except for an
"ENDJOB™ record and an "ENDRUN" record.

7. If all valley section data has been entered and tributary storage is
to be considered, go to Input Form 6. '

Input Form 5 (REACH and 2 XSECTN).--The description of the input for Input
Form 5 is the same as that for Input Form 4 with the following exceptions.

l. For the "2 XSECTN" record, enter "2" in column 2, "XSECTN" in columns
4-9, and the cross section number in columns 13-15.

2. The data fields for the records following the "2 XSECIN" reccord on
Input Form 5 begin at column 25, and the fields are 12 columns wide
rather than 10 columns wide as on the other input forms. The 12
column fields agree with the TR-20 input format and the TR-61 output
format. ' :

3. After entering all the data for the valley section, enter a "9 ENDTBL™
. record. -
The "2 XSECTN" record and the corresponding elevation, discharge, and end area
data is in the same format as the output from TR-61 and the input to TR-20.
These records may be obtained from either program, if available. ;To use this
as input, insert "REACH" records immediately before "2 XSECTIN" records.

Input Form 6 (TRIBSTOR).--The "TRIBSTOR" record tells the program that
following this record is the elevation and storage relation for a tributary
reach. The following instructions describe the input for Imput Forfn 6:

1. For the "TRIBSTOR" record, entef the control word "TRIBSTOR" in the
control word field, the main valley section number for the cection at
the junction with the tributary in data field 1, the distance to the
next downstream main valley section in data field 2, and the tributary
reach number in datd field 3. Start with the information for the most
upstream valley section at a tributary junction, and then enter the
other sections at tributary junctions sequentially in the downstream
direction. For each tributary, reach number 1 is the most downstream
tributary reach, and the other reach numbers increase sequentially in
an upstream direction.

The distance value for each reach of the tributary is equal to a main
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valley reach length. For the first reach of a tributary, the distance
value equals the reach length from the main valley section at the
junction with the tributary to the next downstream main valley
section. For subsequent tributary reaches, the distance values equal
main valley reach lengths taken sequentially downstream from the main
valley reach length used for reach 1 of the tributary.

2. The records following the "TRIBSTOR" record contain sets of values of
elevation, in feet, and tributary storage, in acre feet, for a reach
of the tributary. The number of sets of values per reach is limited
to twenty. Enter the values for the most downstream reach of the
tributary first, and enter the values for the other reaches
sequentially in an upstream direction. After entering all the reach
data for a particular reach, enter an "ENDTABLE” record.

3. If there are additional reaches on the tributary or 1f there are
additional main valley sections at tributaries, repeat steps 1 and 2.

4. 1f there are no additional reaches on the tributary or no additional
main valley sections at tributaries, this is the end of data entry
except for an "ENDJOB" record and an "ENDRUN" record.

PROGRAM OPERATION

The program uses the procedures in TR-66 to route the dam-breach flood wave.
However, in the programming of the procedures, many situations not discussed
in TR-66 require decisions. The following gives the decisions made in some of
these situations. Obviously, this discussion is not exhaustive.

Check of Input Data

The program does some checking of the input data. If the data passes this
check, the program will likely run to completion. If the input data does not
pass the program check, the program writes a message and stops the run.

Ambng other tests, the program checks that
1. Required input values are given.
2. Input limits are not exceeded.
3. Depths or elevations are arranged in order of increasing value.

4. End areas and discharges are in order of increasing value.

Interpolation and Extrapolation

The program uses either linear interpolation or linear extrapolation in
determining, for a known parameter, the corresponding value of another

parameter.

Discharge-Valley Storage Relatiom

The discharge-valley storage relation should reflect total wvalley storage
between cross sections for specific discharges. The program establishes the
discharge-valley storage relation using discharges in increments of 1/19 of

the maximum discharge at the dam, Qpax*

For the relation, the program takes the first discharge as zero and the last
as Qpax* Thus, the program uses twenty discharge values varying from zero to
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Qpax in increments of 1/19 of Qpax in determining the discharge-valley storage

relation.

The discharge-valley storage relation at a section is represented by the
equation mj
=k (S, .,

Q J( 1,3)

= a particular discharge in an array of discharges, cfs

Where:

kj = coefficient in the discharge-valley storage relation in-
subreach j

I 5 = exponent in the discharge-valley storage relation in subreach j

Si,j = valley storage in subreach j associated with outflow discharge,

Q, £e3.

The program uses the "method of averages™, as described in Appendix B, TR=-66,

to determine the kj and W values. The program determines these values using

pairs of discharge and valley storage values in the range of the determined
discharge in the subreach, j. This may reauire several tries to locate the
proper pairs of discharge and valley storage values and, thus, Q-

In TR-66, the values of kj and my are determined for the entire discharge-

valley storage relation for a subreach. Thus, the computer program determined
values of these parameters may differ from those determined by the procedure
given in TR-66. See pages 2 through 5 in TR-66 for an explanation of the
procedure used in TR-66.

Routing

TR-66 uses plots of Q* vs k*, Figures 4, 5, 6, and 7, to route the dam-breach
flood wave. The computer program uses Newton's method, to obtain an iterative
solution of the routing equations in Appendix A, TR-66.

PROGRAM OUTPUT

The computer program output may consist of error messages, 80-80 listing of
input data, printout of imput, calculated results, and results of dam-breach
routing.

Error Messages

The program may write error mesages describing why the remaining input data
canoot be read. It may also write error messages describing input data which
is arranged incorrectly or which will stop operatiom of the program.

80-80 Listing of Input Data

The program prints an 80-80 listing of the input data which shows exactly what
the program read as input data.
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Printout of Input

The program prints a listing of the input data each time the program runs
unless input data errors affect the reading of the data. This listing is nrot
an exact replica of the input data, but it is more descriptive of the input.

Calculated Results

The calculated results section includes items determined by the program but
not included in the routing results section. The calculated results section
may include:

1. Cross secticnal area of dam

2. Maximum breach discharge at the dam and the equation used to determine
Umax

3. Type of flow in the valley immediately downstream of the dam

Results of Dam-Breach Routing

This section of the output contains the results of the dam-breach flood wave
routing. These results include:

Valley section number

Distance from dam

Peak discharge at the valley section

Maximum elevation of water surface at valley section

Time to peak outflow discharge at the valley section

Average flow velocity at the valley section

Att=-Kin coefficient

Values of m and k from the equation, Q = kSm, used in the routing to
each valley section b

) 2

OO0~ O Ut B R

INSTRUCTIONS FOR COMPUTER OPERATION

Use a commercially available program to enter the input data into a ASCII file
before beginning the following steps. The data file may be saved onra
diskette or on the hard disk of the computer.

The program ocutput uses a 132-column format. If a narrower printed copy is
desired, set the printer to "compressed print”.

Computer Without a Hard Disk

l. Turn on the computer with the MS-D0OS diskette in drive unit A.

2. When the "A>" appears on the screen, remove the MS5-DOS diskette and

insert the TR-66 program diskette in drive A.

Type "TR66" and press the "RETURN" key to begin program execution.

. The program displays the name of the program and a disclaimer
statement and, then, asks for the name of the data file with the
statement, "ENTER INPUT FILE (drive I.D. : fn . ext) —> "

5. 1If the data file is on the TR-66 diskette, enter the file name and
press "RETURN.” 1If the data file is on another diskette, insert this
diskette in the proper disk drive and enter the drive unit designation
and file name, such as "B:XXYXXX.DAT", and press "RETURN."
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The program then asks for the destination of the output with the
following statements:

FOR OUTPUT:
ENTER "LPT1" FOR DIRECT OUTPUT TO PRINTER, OR
ENTER FILE NAME TO STORE OUTPUT IN A FILE, OR
PRESS RETURN KEY FOR DEFAULT OUTPUT FILE (xxxx.out)

Enter either "LPT1" for direct output to the printer or enter the name
of the file where the output will be saved and press "RETURN.” To
save the output to a file, enter the drive unit designation and the
file name as in step 5 above or press "RETURN" for the default output
file.

The program will begin reading the input file and, if possible, will
run to completion with the output going to the printer or to the
specified output file.

Computer With a Hard Disk

The following instructions assume that the TR-66 program is on the computer
hard disk.

2.

Turn on the computer.

When the "C>" appears on the screen, if necessary, change directories
to the subdirectory which contains the program file, enter "TR66", and
press “"RETURN" to begin program execution.

The program displays the name of the program and a disclaimer
statement and, then, asks for the name of the data file with the
statement, "ENTER INPUT FILE {(drive I.D. : fnn . ext) ——>"

If- the dada file is in the same subdlrectory as the program on the
hard disk, enter the file name, such as "XXXXX.DAT", and press
"RETURN." If the data file is in another subdirectory, enter the
complete path name for the file, such as "\XXX\XXXXX.DAT."

If the data file is on a diskette, insert the diskette into the disk

‘drive and enter the drive unit de51gnat10n and the file name, such as

" "A:XXXXX.DAT", and press “RETURN.”

The program then asks for the destination of the output with the
following statements:

FOR OUTPUT:
ENTER "LPT1" FOR DIRECT OUTPUT TO PRINTER, OR
ENTER FILE NAME TO STORE OUTPUT IN A FILE, OR
PRESS RETURN KEY FOR DEFAULT OUTPUT FILE (xxxx.out)

Enter either "LPT1" for direct output to the printer or enter the name
of the file where the output will be saved and press "RETURN." To
save the output to a file, enter the drive unit designation and the
file name as in step 5 above or press "RETURN" for the default output
file.

The program will read the input file and, if possible, will run to

completion with the output going to the, printer or to the output file
as specified.
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INSTRUCTIONS FOR PRINTING FROM AN OUTPUT FILE

When the output file created by the program is printed, the output will show

FORTRAN carriage control symbols unless these are removed.

The diskette for

the TR-66 program also contains a "CONV" program which will eliminate these
carriage control symbols and print the output file.

Output File on Diskette

To convert and print the output file,

I.

2.

Output File on

If the
a.
b.

If the
a.

b.

program "CONV" 1s on-a diskette,

At the "A>", imsert the "CONV" program diskette in drive A.
Type "CONV" and press "RETURN” to begin program execution.

The program asks for the name of the TR-66 ocutput file with
the statement, “"FILE SPEC FOR INPUT FILE 7".

Insert the diskette with the output file inteo a disk drive.
Enter the drive unit designation and file name, such as
"B:XXXX.0UT", and press “RETURN."

The program converts the file and sends the output to the
printer.

program "CONV" is on the computer hard disk,

At the "C>", if necessary, change directories to the

subdirectory. containing the program "CONV."

Type "CONV" and press "RETURN" to begin program execution.

The program asks for the name of the TR-66 output file with
the statement, "FILE SPEC FOR INPUT FILE ?".

Insert the diskette with the output file in drive A.

Enter the drive unit designation and file name, such as
"A:XXXXX.0UT", and press "RETURN."

The program converts the file and sends the output to the
printer.

Hard Disk

To convert and print the output file, assuming the program “CONV” is on the
computer hard disk,

1.

When the "C>" appears on the screen, change directories to the

subdirectory which contains the program "CONV", type "CONV", and press

"RETURN" to begin program execution.

The program asks for the name of the TR-66 output file with the

statement,
Enter the file name, such as "XXXXX.0UT", and press "RETURN."

file is

"FILE SPEC FOR INPUT FILE ?".
If the

in another directory, enter the complete path name for the

file, such as "\XXX\XXXXX.OUT."

The program converts the output file and sends the output to the

printer.

(210-VI-TRGG,

Third Ed., Amend. 1, May 1990)



EXAMPLES
This appendix gives two exXample problems. The examples contain

1. Statement of problem
2. Filled-in input forms
3. Program output

Example 1

Given:

Lo Qg = 35,000 cfs

2. Reservoir storage volume is 450 ac-ft
3. No storm inflow
4. The depth of flow versus valley top width relationm given on sheet 2 of
the filled-in input forms which follow
5. The water surface elevation, discharge, and cross-sectional end area
relations given on sheets 3, 4, and 5 of the filled-in input forms
‘which follow
6. Three valley cross sections:
section 1, at the dam
section 2, 2,500 feet downstream of the dam

section 3, 9,500 feet downstream of the dam
Determine:
The maximum discharge and maximum elevation of water surface at valley

sections 2 and 3.

The filled-in input forms and the computer program cutput follow.

(210-V1I-TR66, Third Ed., Amend. 1, May 1990)
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~TR~66 -~ MICROCOMPUTER PROGRAM INPUT
INPUT FORM 1

WATERSHED EXAmPLE _ pRepaRED BY _JAB oATE 2/88 sueeT 1 oF 5

Control Data Fields |
Word 4 | 2 [ 3 | 4 ] 5 G
Nate
TITLE [2/23/88 | ExAmPie  NO. ] ]
[TITLE ] GMAX = 35 000 . CFS ‘ ]

volume (ac-ft)  Qmax (cfs)

[BREACH | 450. T[35000. IllJI!!HllIHlJ!lllllllIJ!IIlIHHIlllIHIIIHllHl!lHﬂlllIHlHlllﬂlIIlHHHlHlllllﬂﬂ

NOTE: Volume = Total Volume in Breach Flow. If Omex is omitted, enter
- go to CMPBACH record. If Gmax is entered, go to OMVALSED record

Water Depth (ft) Res Stor [ac-ft) Emb X-Sec Area(sq.ft.)

[CMPBRCH | l I T T T HIIIIIHHHHHHIUD
NOTE: Depth must be grester than 6.0 feet. If Emb. X-Sec Ares is omitted, enter 0.0
and go to EMBXSEC record. If Emb. X-Sec Area is entered, go to DMYALSEC record.
[EMBXSEC | ---- Table for template of Embankment cross section —--— Use Input Form #2. |
[ DMVALSEC | ---- Required table of valley cr‘ués section at Dam ---- Use Input Form #3. |
—— = X-Sec. No.  Distance [ft) by
| [REACH I | IHIHHHIIHIIHIIIlmﬂIHIHIIIIHIIIIHIIIIILUHHIII[IJHHIlllmIIIHHIIIUUIIIHHﬂ

NOTE: Distance is from the last upper section or the Dam. The first REACH
record is for the Cross Section at the Dam and the Distance value is 0.0.

' [ XSECTN | -——— Enter REACH records and Valley Cross Section tatles ss needed —-- Forms #4 or #5. |
- D_——— ENTER ADDITIONAL REACH AND CROSS SECTION DATA AS NEEDED —-—ee-
| TRIBSTOR]| ~-— Enter teble if you have tributary storage ---- Use Input Form #6. |

[ENCJOB HIIL[UIIHHHJJIIIHIIIIIJIIHIIIIHUJUIHIIHIIIIIHIH]IIllllllilllllfﬂllIHH[UHIHIIHIJHI!IH]ITIHIIII|HH[JIHIIIHHUHIIHHI
LENBRUN e T T

-
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TR-66 -- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 4 —-- STREAM CROSS SECTION DATA

WATERSHED EXAMPLE

PREPARED BY _JAB
f

DATE 2/88 SHEET .3 oF 5
[ I

Control

:Cruss Section

Distance !

Word Number | ~(feet) I L ‘ ‘
1 - 10 | 11 - 20 I 21 -30 I 31 - 40 | 41 - 50 ! 51 - 60 | 61 - 70
REACH /. . LT
Cross Section
| Number | ! t | !
(1. to 200.)
XSECTN /. T T
Elevation Discharge End Area
f I 7 (feet) | {cfs) b (sq. feet) ! !
T o0, 0.0 0.0
(maximum of 20 data records) (05, 700. 300.
[ iO. 2400, 800. |
112, 2600. 1{30.
ii4, 2;00. Q%gO-
3. 00. (o
[ [ 780p | ears. | [Enten st tabne tter
(7. 7650. £750. [First REACH record and
119. 14500. 5720. XSECTN table must be at
120, L7600. 4200. ghsagaguwiggodgﬁtgnge
i23. 28500, 5370. HEACH record.)
25 37000. 1t50. (The first section numher
121.5 50000. &e75. may be any number, but the
following sections must
have incressing sectian
numbers.)
ENDTABLE T T T T T T T

L1-3
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TR-66 -- MICROCOMPUTER PFIOGRAM INPUT
INPUT FORM 4 —- STREAM CROSS SECTION DATA

WATERSHED ExAmPpLE PREPARED BY JAB ___ DATE 2/88 SHEET 4 oF 5
Control :Cro%f %Fction Distance | ! I
Word umber (feet) ! l | |
1 - 10 | 41 -20 i 24 -30 | 31 - 40 4 -850 | 54 -p60 | 64 - 70
REACH 2. 2500. HIIIIIIIIIHHIII!IIII L T T T T
Cross Section
[ Number ] I I ] !
(1. to 200.)
XSECTN 2. EE R R T R R N
Elevation Discharge End Area
| | “(feet] ! "(cfs) ! (sq. feet) ! !
HEET SRR ERR R R J0. 0.0 0.0
{maximum of 20 data records) 95. 1400, S570.
97. 2300. J00.
99. 3700. 1350.
/OO. 4-¢00. {600.
o, S900. ‘9o00.
103 | “9ea0 | rgoo. | e xeEom tabie atter
[O5. [$200. 34.00. (First REACH record and
l07. 19 700. 4340, )t(ﬁscgu ta?%ﬁ zu;st be at
. . 750. e dam w stance
15| 4t0c0 | Crse | fmaltozero on tn
15, So700. £275.

{The first section number
may be any number, but the
following sections must
have increasing section

numbers.)

ENDTABLE

AR

LTI

[LEETHT I
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«~TR-66 -- MICROCOMPUTER PROGRAM INPUT

INPUT FORM 4 -- STREAM CROSS SECTION DATA
PREPARED BY Tﬁﬁl |

WATERSHED ExampLe

DATE 2/88 SHEET 5 oF 5
| [

Control 'Cruss SectinnI Distance !
Word Number I (feet) ! | | |
{ - 10 I 11 - 20 | 21 -30 I 31 - 40 i 41 - 50 ! 54 - 60 | 61 - 70
REACH - 5§ - Zooo. | L T T e T T
ross Section
I Number [ | I | !
{1. to .
XSECTN 1 ts = R A T T AT AT A AR R DR
Elevation Discharge End Area
! I f{feet) | (cfs) ! (sq. feet) | [
RO R R 70. 0.0 0.0
(maximum of 20 data records) 73. icoo. Soo0,
79, 2200. 830,
17. 3600. iZ200. |
79. 5600. 1600 .
. g . 2100, '
b2 | 9900 | zise | [nte xsm e artar
83. {8o0. 2850. [First REACH record and
85, & 800. 3825, XSECTN table must be at
E1. | 23300 | 4710, ] et nih cistanc
819. 30800. 2040. HEACH rgcgrd.lo :
q1. 39500. 7/90, (The first section number
93. 49100. 83¢0. may be any number, but the

following sectionns must
have increasing section

numbers.)

ENDTABLE

AT

I

TR

610
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SOIL CONSERVATION SERVICE (SCS) DAM-BREACH ROUTING
ROUTING USES PROCEDURES IN SCS TR-66 (THIRD EDITION)

COMPUTER PROGRAM PREPARED BY THE DESIGN UNIT, ENGINEERING DIVISION, SCS, WASHINGTON, D. C.

REVISIONS PREPARED BY HYDROLOGY UNIT, SCS STATE OFFICE, STORRS, CONM.

EXECUTION DATE: 05/21/90

T

T kY

(210-VI-TR66, Third Ed., Amend. 1, May 1890)
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TR-66 XEQ 05/21/90 BREACH ROUTING ANALYSIS COMPUTER PROGRAM
REV 3/02/90 SCS TECHNICAL RELEASE 65, DATED SEPTEMBER 1985 (USER MANUAL)

iRk hhhhkrkrkahakkhhnkkhkrr AO_R0 | ST OF INPUT DATA **t*ttttt**ttt**tt*ti***‘**t

TITLE  2/23/88 EXAMPLE NO. 1, TR-66 (THIRD EDITION)

TITLE QMAX = 35,000 CFS

BREACH  450. 35000.

DMVALSEC 1. FT
0. 0.
15. 550.
18. 560.
21. 580.
2. 600. -
30. 640.

ENDTABLE

REACH 1. 0.

XSECTM 1.
100. 0. 0.
105. 700. 300.
110. 2400,  800.
12, 3600. 1130.
114. 5200. 1640.
1s. 6300.  1900.
116. 7800. 2325,
nz. 9650.  2750.
19. 14500. 3720,
120, 17600,  4200.
123, 28500.  5370.
125. 37000.  7150.
127.5 . 50000.  8575.

ENDTABLE

REACH 2. 2500.

 XSECTN 2.
‘ 90. 0. 0.
95. 1400.  570.
1w 97. 2300.  900. o

9. 3700. 1350.
100. 4600. 1600,
101, 5900. 1900.
103. 9400,  2600.
105. 14200, 3400.
107. 19700, 4340,
110. 30000.  5750.
113, 42000.  6255.
115, 50700.  8275.

ENDTABLE

REACH 3. 7000

XSECTN 3.
70. 0. 0.
73. 1200.  500.
75. 2200.  830.
77. 3600. 1200.
79. 5600. 1500.

(210-VI-TR66, Third Ed., Amend. 1, May 1990)



TR-66 XEQ 05/21/90 BREACH ROUTING ANALYSIS COMPUTER PROGRAM

REV 3/02/90 SCS TECHNICAL RELEASE &6, DATED SEPTEMBER 1985 {(USER MANUAL)

T e e i o o e e e e o e e e o v ko e e e ke 80-8B0 LIST OF INPUT DATA e e R W Atk e et A e ey e

81.
82.
a3,
as5.
a7,
89.
91.
93.
ENDTABLE

ENCJOB

8200,

9900.

11800,
16800.
23300,
3080C.
39500.
491006.

2100.
2450,
2850.
3825.
4910,
6040.
7190.
8360.

ttt‘iit*t*tlt******i**t*tt******t*t**tt*iti*ttt!ti‘t*****t**tti******t*tﬁifﬂ'***

¥ 3

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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TR-66 XEQ 05/21/90 BREACH ROUTING AMALYSIS COMPUTER PROGRAM

REV 3/02/90 SCS TECHNICAL RELEASE 66, DATED SEPTEMBER 1985 (USER MANUAL)

TR-66...J0B NO. 1 COMPLETE
2/23/88  EXAMPLE NO. 1, TR-66 (THIRD EDITION)

QMAX = 35,000 CFS

e el b e e e e vk e e e o ol e o o o ol ol o e ok o e i o o ool ol ok o o o ok v o i ol ok s A T g i e e o o S e R e A ek e b e e ke

b

{210-VvI-TR66, Third Ed., Amend. I, May 1990)
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TR-66 XEQ 05/21/90 BREACH ROUTING ANALYSIS COMPUTER PROGRAM

REV 3/02/90 $CS TECHNICAL RELEASE 66, DATED SEPTEMBER 1985 (USER MANUAL)

TR-66......RUN COMPLETE

THE MAXIMUM BREACH DISCHARGE = 35000. CFS
THE ASSUMED TOTAL VOLUME OF FLOW FROM THE BREACH = 450. ACRE FEET

""""""""""""""" DEPTH VS TOP WIDTH FOR VALLEY SECTION AT THE DAM

STRUCTURE NO. 1.

’ DEPTH(FT) TOP WIDTH(FT)

.0 .0

15.0 550.0

18.0 560.0

2%.0 580.0

24.0 600.0

30.0 640.0

, 4
- x
M »
i
i
r.
o
. i

(210-VI-TR66, Third Ed., Amend. 1, May 1990)



-------------------- ELEVATIONS, DISCHARGES, AND X-SECTIONAL AREAS FOR VALLEY SECTIONS STt mmesmeemeo—cas
VALLEY SECTION # 1 VALLEY SECTION # 2 VALLEY SECTION # 3
SECTION AT THE DAM DISTANCE SEC 1 T0 2 = 2500. FT DISTAMCE SEC 2 T0 3 = 7000. FT
ELEV.(FT) Q{CFSY  AREA(SC FT) ELEV.{FT) — OTUFS)  AREA(SQ FT) ELEV.(FT) Q(CFS)  AREA(SD 1)
100.0 0. 0. 90.0 0. 0. 70.0 0. 0.
105.0 700. 300. 95.0 1400, 570. 73.0 1200. 500.
110.0 2400. 800. $7.0 2300. 900. 7.0 2200, 830.
12.0 3600. 1130. 99.0 3700. 1350, 77.0 3600, 1200.
114.0 5200, 1640, 100.0 4600, 1600, 79.0 5600. 1600.
115.0 6300, 1900. 101.0 5900. 1900. 81.0 8200. 2100,
116.0 7800. 2325. 103.0 9400. 2600, B2.0 9900, 2450.
17.0 9650, 2750, 105.0 15200. 3400. 83.0 11800. 2850.
119.0 14500, 3720. 107.0 19700. 4340. 85.0 16800. 3825,
120.0 17600. 4200, 110.0 30000. 5750, 87.0 23300. 4910,
123.0 .28500. 3370. 113.0 42000. 6255, 89.0 30800. 6040,
125.0 37000, 7150. 115.0 50700. 8275. 91.0 39500. 7190,
127.5 50000. 8675. 93.0 4%100. §360.

{210-VI-TR66, Third Ed., Amend. 1, May 1990)



CALCULATED RESULTS

THE FLOW IN THE VALLEY IMMEDIATELY DOWNSTREAM FROM THE QAM IS5 SUBCRITICAL.

RESULTS OF DAM-BREACH ROUTING

IN RELATION @ = K*S**M

SECTION I DISTANCE 1 PEAK DISCHARGE [ MAMIMUM ELEVATION 1 TIME TO |
NO. I FROM DAM 1 AT THE SECTION I OF WATER SURFACE | PEAX I
1 (FEET) I {CF5) I AT SECTION (FEET) 1 (HRS) 1

H 1 t 1 i

i 1 0. 1 35000. I 1 {

1 H 1 I 1

2 1 2500, 1 17008, ! 106.0 1 A4

I 1 1 I 1

3 I 9500. 1 6510, I 7.7 1 .51 1

AVERAGE FLOW
VELOCITY AT
SECTION (FPS)

3.7

ATT-KIN

i

1.648

1.378

4. 9471E-08

6.3744E-07

whkdad THE K* VALUE OF  4.893 1S GREATER THAM 1.0 INDICATING EXCESSIVE ATTENTUATION. SEE PAGE 10 OF TR-&5 FOR AN EXPLANATION.

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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Example 2

Given:
1. Reservoir storage at failure is 20,000 ac-ft.
2. Total volume of flow is 30,000 ac-ft.
3. Depth of water at the dam at failure is 80 feet.
4. Dam cross section is given in the figure below.

25 (X,.Y) = X and Y coordinates
{ 260,80)

(285,80)

|

1425, 40) 80"

( 405, 40

(60,20)
I
20"
| ]
(545.01 (0.0)

Dam Cross Section

5. Elevation versus valley top width relation for the valley at the dam
section is given on sheet 3 of the filled in;input forms which follow.
6. Four-valley sections &
section 1, at the dam T
section 2, 1900 feet downstream of the dam
section 3, 3500 feet downstream of section 2
section 4, 4100 feet downstream of section 3
7. Elevation, discharge, and cross-sectional end area relations for the
valley sections are giveun on sheets 4 through 7 of the filled-in input
forms which follow.
8. Valley sections 2 and 3 are located at junctions with tributaries.
For the tributary at valley section 2, reach 2'-3' is 3500 feet
(corresponding to the distancé from section 2 to 3). For both
tributaries, reach 3'-4' is 4100 feet (corresponding to distance from
section 3 to 4). The elevation versus off-channel storage relations
for the tributaries are given on sheets 8, 9, and 10 of the filled-in
input forms which follow.

Determine:

'3 1. The maximum discharge from the breached dam

) 2: The maximum discharge and maximum elevation of the water surface at
sections 2, 3, and 4

The filled-in input forms and the computer output follow.

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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N TR-66 -~ MICROCOMPUTER PROGRAM INPUT
INPUT FORM 1

WATERSHED /NoNAME ___ PREPARED BY _JAB DATE 2/88 sHeeT [ oF 10
Control i Data Fields :
Word i | 2 ] 3 | 4 [ 5 | B
Dete
[TITLE |2/23/88 | NowAme VIATERSHED Sire X ]
[TITLE [ Wirh Orp~ CHANNEL STorAGE. ]
Volume {ac-ft} Gmax (cfs) .
[BREACH [ 3o0co. | ©. L T T T T T T,
< NOTE:  Velume = Totel Volume in Bresch Flow. If Omax is omitted, enter D.0 ang

go to CMPBRCH record. If Gmax is entered, go to DMVALSEC record.
Nater Depth (ft) Res Stor (ac-ft) Emb X-Sec Area(sq.ft.)

[CMPBRCH | 8o. [ 20000 | G RO AR AR

NOTE: Depth must be greater than 6.0 feet. If Emb. X-Set Ares is omitted, enter 0.0
Qgpd go to EMBXSEC record. If Emb. X-Sec Ares is enterad, go to DMVALSEC record.

—

| EMBXSEC | -~-- Table for templste of Embankment cross section ———- Use Input Form #2. ]
[DMVALSEC | -— Required table of valley cross section ot Dom —— Use Input Form #3, ]
|—= = X-Sec. No.  Distance {ft)
| (REACH____] I LT T T

~ NOTE: Distance is from the last upper section or the Dam. The first REACH

| record is for the Cross Section at the Dam and the Distance value is 0.0.

: | XSECTN [ ~=- Enter REACH records 8nd Valley Cross Section tebles 85 needed ———— Forms #4 or #5. |
R — ENTER ADDITIONAL REACH AND CROSS SECTION DATA AS NEEDED ~—-——-
[ TRIBSTOR| -~--- Enter'table ff you have tributery storage -—- Use Input Form #6. 1
[ENDJOB IIII]IIIH|IIIIlIIIlllllIIHIHIIHHIIIIH‘THL]HIIllllﬂTlJJ[llIIIIIIlﬂHlllIIII[IHIIII[[IIIIHH_[l[lllIIl[ﬂJllllllHﬂﬂllllH[lU{HIHIH

[ENDRUN IIHIHIIIIIIHHHIIUUIIlIHIIIHII!IlIIIlllII'II'HHHH[[UIIHHIHH]UIIIIHIHUIHIllIIIIIL[UIIIIIHIHIHIIHIIW]JIIIIHIIIHII_I[-TH

8¢-0
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TR-66 -~ MICROCOMPUTER PROGRAM INPUT
INPUT FORM 2 ~- EMBANKMENT CROSS SECTION

WATERSHED Nowame PREPARED BY _JAB DATE 2/88 SHEET .2 oF /O
‘ I | I [ | |
Cownotprdol } EE év : : : : :

1-10 ., 11-20 ' 21-30 ! 31-40 ' a1-85 ' s1-g0 ' &1 - 70
EMBXSEC FT T T
T owtancer L
[ " (feet) ' (feet) ! ! !

T T T 0. 0. |
(maximum of 20 data recaords) o, 545, i) 1l 1L il
4-0. 425. .
4.0, 405, UL H Hi
so. 285, LT
80. 260. HILLE | i
2o o fme e vt st

baseline.)

("*Distance” is the horizontal

distance from an arbitrary vertical

| : baseline.)

ENDTABLE ‘ T
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JR-66 -- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 4 -- STREAM CROSS SECTION DATA

WATERSHED NovAme PREPARED BY _JAB _ DATE 2/88 SHEET 4 oF /O
Contral lCr-uss Sectiaarginistance r ' ' 1 O
Word 1™ “'Number | (feet) | ' ! !

t-4140 | 11-20 | 21 -80 ! 34 -40 | 44 -83 | 54 -pp ! 61 - 70
REACH [~ 7. o. L T T T
Crnﬁaﬂﬁigflnn' I : , |

I (1. te 200.)
| XSECTN | 1. T T HHIHIHUHlHHIH]EHHHIHHHHHHH [T
Elevation Discharge End Area
I ' "(feet) | (Cfs) I (sq. feet) ! '
TS5 2. 0.0 0.0
[maximum of 20 data records) S53 . & 40, &LO.
i 556.§ 34-0. 470.
56 .C 4940. 2780.
e e |
. 040, .
3852 | 5950 | (1870. | [mter s i ater
| 29%.8 |180300. 30129. __ | (Firgt REACH record and
609.&6 | 3ol "f%gg. 43000, KSECTN table nust be at
sasnd o zwro on e’
| (The tirst séctiun number
__| may be any number, but the
following sections must
have increasing section
numbers.)
ENDTABLE T ITIHEINN

[L-2o
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S TR-66 --"MICROCOMPUTEH PROGRAM INPUT
INPUT FORM 4 -~ STREAM CROSS SECTION DATA

WATERSHED Nomme

PREPARED BY J"F\B

DATE IZ/eﬁ?e‘i? SHEET 5_ oF /O
I

Control

Crnﬁf %Fctlnn'

I
Dlstance

S

1H9rgo | {4 -20 i 2188:;]1 : 34 - 40 : 44 - 50 : 51 - 860 il Bl - 70
REACH - 2S - 1goc. [ T T T,
i Puﬁimé§;10n| 1 i | |
. to . -
XSECTN 4 t2 - T T T T T T
Elevation Discharge End Area
b | feet) | (cfs) | {sq. feet) ! !
IO~ 5 49.2 | oo 0.0
(maximum of 20 data records) 559.5 7250, 2520,
563. 17680, 44.00.
567 359¢0. 66 80.
S76, 88600, i22¢0.
.5 125200, t5210.
5665 | Ibotoo | iass0. | e XSEMLtae arien
214000 2i189. [First REACH record and

5%0.

XSECTN table must be at
the dam with distance
equal to zero on the
HEACH record.)

(The first section number
may be any number, but the
follawing sections must
have increasing section
numbers.)

ENDTABLE

[T UH]H‘I]HJIIHH]HU T

o0
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TR-66 ~- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 4 -~ STREAM CROSS SECTION DATA

£L-3

WATERSHED /NowaME PREPAREQ BY _JAB DATE 2/88 SHEET 6 oF (O
[ Control _16;055 ectiuﬁT Distance ! ! ’ !
Word V" " Number !} T{feet) ! ‘ ! 1
1 - 10 I 11 -20 | 24 -30 ! 31 -40 | 41 -850 | 51 -pgn | 64 - 70
REACH 3. 3500, T T T O
Cross Section
o e | ' ' ! !
XSECTN 3. TR
Elevation Discharge . End Area
! ! (feet) ' (cfs) ' (sq. feet) ! I
LTI s =809 0.0 0.0
(maximum of 20 data records) S547.9 &790. HOO.
559. 23330. 3400.
5¢2. 25500, 4000,
S568. 34-680. 64.00.
580. 211 o000. 22.570.

(Enter XSECTN table after
appropriate REACH record.)

} (First REACH record and

XSECTN table must be at
the dam with distance
equal to zero on the
REACH record.)

(The first section number
may be any number, hbut the
following sections must
have increasing section
numbers.)

ENDTABLE R RN
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TR-66 -- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 4 -- STREAM CROSS SECTION DATA

WATERSHED _NQLV.A_m,E.__.M PREPARED BY _TAB__ DATE 2/88 sHEET T_ OF /O
Cantrol Cruss Sect1nn Distance ' ! ! ]
Word Number = | (feet) ! 1 I I
1 -10 ! 11 -20 | 21 -30 | 31 -40 | 44 -50 5 - 60 | 61 - 70
REACH 4 4 (oo, I T T T AT
Cross Section
5.5 ‘ . ' '
XSECTN 4, (T T T T e T
Elevation D1scharge End Area
! I (feet) ! (cfs) ' (sq. feet) ! |
(T AT 537 0.0 0.0
(maximum of 20 data records) 538.3 /0. /0.
540,77 i30. 80.
544.3 390, 2 80.
5491 8200. 2980,
555.3 36610, | 7550,
ser 1 | asomo | Tasdp | [Eter S tabte arter
270.3 17¢300. 2i{370. (First REACH recard and
1 ——————— A A
equal to zero on tRe
REACH record.)
{The first section number
may be any number, but the
following sections must
~— have increasing section
numbers.)
[
ENDTABLE e e




*P3 PATYL ‘90¥I-IA-0TI7)

*pusuwy ¢

‘1

(0661 4£BW

.JR~66 ~- MICROCOMPUTER PROGRAM INPUT
«INPUT FORM 6 -- TRIBUTARY STORAGE DATA

WATERSHED NoNAME PREPARED BY _JAB _  paTE 2/88 sueeT 8 ofF /O
i ] I | | I
C%ﬂﬁ:fl :Section ID: Dﬂigzgfe : Reach No.: : :

1-10 , 11-20 ' 21-30 ' 31-40 ' 41-850 ! 51-p9 ! 61 - 70
TRIBSTOR z. 3500, 1. T T T
| Elevation | Storage | I I
' . I (feet) ! (ac-ft) ! ! !
LTI 5 49.2 0.0
(maximum of 20 data records) S60, - 520,

_570. 380,
580. (510.
S90. . 2020,

[
%n!

¥

(Distance must equal distance to
next downstream cross section.)

(The Reach No’s. for each tributary
myst start with 4 snd increase
sequentially in an upstream
direction,)

(A11 reaches on the same tributarX
pust have the same Section ID indi-
cating the main valley section at
the junction with the tributary.)

éEnter the TRIBSTOR data sp the
ection ID's increase as you
progress downstreasm,)

ENDTABLE

T T AL

CE—=0
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TR-66 -- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 6 -~ TRIBUTARY STORAGE DATA

WATERSHED NMowvame

PREPARED BY _JAB

_ DATE 2/88 sHeeT 9 oF /O
I .

T . !
C%ﬂﬁqfl :Section ID: Dﬁigzgfe : Heifh No.: : :

1-40 ' t4-20 ' 21-30 ' 3M-40 ! 41-50 ' s1-80 ! 81 - 70
TRIBSTOR Z. {joo. ) 2. H T T T T T T
| | Elevation | Storage | i |
b L' (feet) ! (ac-ft) ! ' '
RN S¢0. 0.0
(maximum of 20 data records)  570. 480.

580. 1020,
590. 14-90.

£,

(Distance must equal distance to
next downstream cross section.)

(The Reach No‘s. for each tributary
must start with 4 and increase
sequentislly in an upstream
direction.)

{All reaches on the same tributarX
must have the same Section ID indi-
cating the main valley section at
the junction with the tributary.)

éEnter the TRIBSTOR data so the
ection ID's increase as you

7 progress downstream.}

.

ENDTABLE

LTI

LT

——

9¢-0
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TR-66 ~- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 6~-~- TRIBUTARY STORAGE DATA

WATERSHED Nowname PREPARED BY _JAB DATE 2/88 SHEET {O oF /O

T { !

| Distance |

I

0 |
Concrol  Reach No:|
|

[
'Section ID
|

‘99¥L-IA-017)

*PI PATYL

rpusmy ¢

‘1

(0661 4LER

Word I (feet) :
1 - 10 11 -20 ' 20-30 ! 31- 4 44 - 50 541 - 80 ! B1- 70
TRIBSTOR 3 4100, /. L T T T T
| | Elevation | Storage | | i
! I (feet) ! fac-ft) ! ’ ‘
HRHIT R xR 0.0
(maximum of 20 data records) 550. 4 00. |
560. 280,
570. 1450. !
580. 1960

(Distance must equal distance to

next downstream cross section.)

(The Reach No's. for each tributary

must start with 1 and increase

sequentially in an upstream
direction.)

(A1l resches on the same tributar

pust have the same Section ID ind

ceting the main valley section at
the junction with the tributary.)

éEnter the TRIBSTOR dsta so the
ection ID’'s incresse as ypu

progress downstream.)

y

ENDTABLE

HREHITET

T

IR
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SOIL CONSERVATION SERVICE (SCS) DAM-BREACH ROUTING
ROUTING USES PROCEDURES IN SCS TR-66 (THIRD EDITION)

COMPUTER PROGRAM PREPARED BY THE DESIGN UNIT, ENGINEERING DIVISION, SCS, WASHINGTON, D. C.

REVISIONS PREPARED BY HYDROLOGY UNIT, SCS STATE OFFICE, STORRS, CONN.

EXECUTION DATE: 05/21/90

(210-VI-TR66, Third Ed., Amend. 1, May 1990)



Cc-39
TR-66 XEQ 05/21/%90 BREACH ROUTENG ANALYSIS COMPUTER PROGRAM
REV 3/702/%0 SCS TECHNICAL RELEASE b6, DATED SEPTEMBER 1585 (USER MANUAL)

WhkkdkkdhR ok kd vk kdkkkikd 80-80 LIST OF INPUT DATA kethdknakdihkiwrbhbshthhrks

TITLE 2/23/88 NONAME WATERSHED, SITE X

TITLE WITH OFF-CHANNEL STORAGE
BREACH 30000, 0.
CMPBRCH 80. 20000, 0.
EMBXSEC  FT
0. 0.
0. 545.
40. 425.
40. 405. T
80. 285.
80. 260.
20. 80.
20. 60.
ENDTABLE
DMVALSEC 9. ELEV
552, 0.
560. €00,
576. 720.
612. 1130.
622. 1300.
632. 1500. g
ENDTABLE :
REACH 1. 0.
XSECTN 1.
552. 0. a.
553.6 40 60. - 7
556.8  340. 470. =
561.6 4940. 2780.
568. 18940.  &520. 8
576. 44040.  11830.

585.6 95950. 19870,
596.8 180309. '.'|3{EIJZB, i !
609.6 301700.  43000.

ENDTABLE
REACH 2. 1900.
XSECTK 2. p
549.2 0. 0.
5§9.5  7250.  2520. _
563, 17680.  4400. g N
567. 33960. . 6580,
576. 88600., 12260.
580.5  125200. 15270.
. 586.5  180900.  19350.
3y 590, 214000. 21780,
- ENDTABLE
REACH 3. 3500.
XSECTN 3.
538.9 0. 0.
547.9 6790, 1100.

(210-VI-TR66, Third Ed., Amend. 1, May 1990)



TR-66 XEQ 05/21/90

REV 3/02/90

C-40

BREACH ROUTING ANALYSIS COMPUTER PROGRAM

SCS TECHNICAL RELEASE 66, DATED SEPTEMBER 1985

(USER MANUAL}

kg hkkhikkikrh bk kkthhis 80-80 LIST OF ;NPUT DATA kA kR A Ak dr ki ddddd

ENDTABLE
REACH
XSECTH

ENDTABLE
TRIBSTOR

ENDTABLE
TRIBSTOR

-

ENDTABLE
TRIBSTOR

4.
4.

ain

ENDTABLE

END JOB

559.
562.
568.
580.

4100.

537.1%
538.3
540.7
544.3
549.1
555.3
562.7
571.3
581.1

3500.
549.2
560.
370.
580,
590.

4100.
560,
A 5v0.

580.—

590.

4100.
339.
550.
560.
570,
580.

. 23330,

25500,
34680.

211000,

10.
130.
390,
8200.
36610.

$0079.
176300.
306200.

1.

520,
980.
1510.
2020.

0.
480.
1020.
1490,

3400.
4000.
8400,
22570.

10,
80.
280,
2980.
7550.
13540.
21370.
31890,

L7

Ere

1
AR ET Ak kA Tk d AR AR ARk A A A AR ARk Ak d ki drhdr b

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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TR-66 XEQ 05/21/90 BREACH ROUTING ANALYSIS COMPUTER PROGRAM

REV 3/02/%0 SCS TECHNICAL RELEASE 66, DATED SEPTEMBER 1985 (USER MANUAL)

TR-66...J0B NO. 1 COMPLETE
2/23/88 NONAME WATERSHED, SITE X

WITH OFF-CHANNEL STORAGE

e e sy ke 3 e e ok Sl e e o o o 0 i e o ol ol o o e o v T o o i ok ol o S o s i sk e o o s de e e e dr ek ke ok

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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TR-66 XEQ 05/21/90 BREACH ROUTING ANALYSIS COMPUTER PROGRAM

REV 3/02/%90 SCS TECHNICAL RELEASE 6&, DATED SEPTEMBER 1985 (USER MANUAL)

TR-66......RUN COMPLETE

THE DEPTH OF WATER AT THE DAM AT FAILURE = 80.0  FEET
THE ASSUMED TOTAL VOLUME OF FLOW FROM THE BREACH = 30000. ACRE FEET

THE RESERVCIR STORAGE AT THE TIME OF FAILURE = 20000. ACRE FEET

------------------------- COORDINATES OF THE DAM X-SECTION AT THE MAXIMUM SECTION TmmmTTessesstesa—esiooos
X(FT) Y(FT)
.0 .0
.0 545.0
40.0 425.0
40.0 405.0
80.0 285.¢
80.0 260.0
20.0 80.0
20.0 60.0
---------------- Fmmemmmmm—— ELEVATION V5 TOP WIDTH FOR VALLEY SECTION AT THE DAM I bbbt LA L E LT T
STRUCTURE NO. 1.
ELEV.(FT) TOP WIDTH(FT)
552.0 0.
560.0 600.
576.0 720.
612.0 1130.
&22.0 1300.
632.0 1500.

(210-VI-TR66, Third Ed., Amend. 1, May 1990)



£-43

ELEVATIONS, DISCHARGES, AND X-SECTIOWAL AREAS FOR VALLEY SECTIONS

VALLEY SECTION # 1
SECTION AT THE DAM

ELEV.(FT)

552.0
553.6
556.8
561.6
568.0
576.0
585.6
596.8
609.6

Q(CFS)
0.

40.
340.
4940.
18940,
44040,
95950,
180300.
301700,

VALLEY SECTION

DISTANCE SEC

ELEV.(FT)

537.1
538.3
540.7
564.3
549.1
555.3
562.7
571.3
581.1

310

Q(CFS)
0.

16.
130.
390.
8200.
36610.
90070.
176300,
306200.

AREA{SQ FT)
0.
0.
470,
2780.
6520.
11830.
19870.
30120.
43000.

# 4
4= 4100, Y

AREA(SQ FT)

0.

10.

80,

280,
2980.
7550,
13540,
21370,
318%90.

(210-VI-TR66, Third Ed., Amend.

VALLEY SECTION # 2

DISTANCE SEC

ELEV_{FT}
549.2
559.5
563.0
567.0
576.0
580.5
586.5
59C.0

110

Q(CFS)
0.
7250,
17680.
33960.
88600,
125200.
180900.
2140C0.

2= 1900. fY

AREA(SQ FT)

0.

2520.
4400,
6680,
12260.
15270,
19350.
21780,

1, May

VALLEY SECTION #

DISTANCE SEC

ELEV.{FT)
538.9
547.9
559.0
562.0
568.0
580.0

1990)

210

Q(CFS)
0.
6790.
23330.
25500.
34680.
211000.

3

3.
= 3500. FT

AREA(SQ FT)
a.
1100.
3400.
4000.
6400.
22570.



C-h4

------------------------------- ELEVATION VS STORAGE FOR OFF-CHANNEL STORAGE

TRIBUTARY AT VALLEY SECTION # 2

REACH # % REACH # 2
EL(FT) STOCAC FT) EL(FT) STO(AC FT)
549.2 0. 560.0 B
560.0 520. 570.0 480,
570.0 980. 580.0 1020.
580.0 1510. 5%0.0 1450.
590.0 2020,

TRIBUYARY AT VALLEY SECTION # 3

REACH # 1

EL{FT) STO(AC FT)

539.0 0.

550.0 400. ;
560.0 - 880, F ‘
57%.0 1450. ~ o
580.0 1960.

;
(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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A

CALCULATED RESULTS
THE X-SECTJONAL AREA OF THE DAM AT THE MAXIMUM SECTION = 22400. SQ.FT,
THE MAXIMUM BREACH DISCHARGE = 216000. CFS. QMAX CALCULATED FROM QMAX = A5%H**1.85.

THE FLOMW IN THE VALLEY IMMEDIATELY DOWNSTREAM FROM THE DAM IS5 SURCRITICAL.

i

f
RESULTS OF DAM-SREACK ROUTING
‘F,’
.................................................................................................................................. :
SECTION ;:i DISTANCE 1 PEAK DISCHARGE I MAXIMUM ELEVATION [ TIME TO 1 AVERAGE FLOW | ATT-KIN 1 1IN RELATION 4 = X*S5*"N Y
TONO, 1 FROM DAM 1 AT THE SECTION 1 OF WATER SURFACE 1 PEAK 1 VELOCITY AT I COEF. R e L L .
i (FEET) 1 (CFS) 1 AT SECTION (FEET) 1 (HRS) I SECTION (FPS) I K* ! ] i K
4 1 1 1 I i I I
1 1 0. 1 214000, 1 1 I I 1 1
1 I I 1 I I I 1
2 1 1900, 1 201000, 1 583.7 I A2 1 9.7 I .08% I 1.479% 1 B.0923E-07
I I I 50 I I I 1 :
3 1 5400, 1 172000. I 577.4 i 411 9.1 1 .065 I 1.531 1 3.6361E-08
I I I 1 I 1 1 1
4 I 9500. I 144000, 1 568.0 1 78 1 7.8 I AT 1 1.699 1 4.0546E-10
1 1 I 1 1 1 I 1

(210-VI-TR66, Third Ed., Amend. 1, May 1990)
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5 TR-66 -~ MICROCOMPUTER PROGRAM INPUT
| INPUT FORM 2 -- EMBANKMENT CRO0SS SECTION
WATERSHED * PREPARED BY OATE ___ _ SHEET OF
| FT I H [ I |
C%ﬂﬁQfl : EEEV : : | : : :
1-10 " 41-20 ' 2¢0-30 ' 34 -"a0 ! 41-s50 ' st-80 ! B1-70
EMBXSEC LT T T T T AT
. HEIBTE, 90 Dustance n .
: | (feet) ! (feet) | ' *

(T

TTEEER A0

(maximum of 20 data records)

1

[ N

("Height"® is the vertical distance

R ‘ from an arbitrary harizontal
baseline.) .

("Distance® is the horizontal

distance from an arbitrary vertical

baseline.)

Hi

Fr

~
g

HMHMHMHMHH”MHWHWHWH

ENDTABLE

890
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I, May 1990)

Amend.

>

(210-VI~TR66, Third Eq.
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TR-66 -~ MICROCOMPUTER PROGRAM INPUT
INPUT FORM 4 -— STREAM CROSS SECTION DATA

WATERSHED — PREPARED BY ___ DATE __.__ SHEET ___ OF ___
Control 'Cross SectionI Distance ! v ' !
Word Number (feet) ! ' ' |
1 - 10 Il 11 -20 | 24 -30 ! 31 -4p | 41 -850 | 51 -0 | 61 - 70
REACH ‘ TSR ST
ICroaﬁﬂ%ﬁ;P1uni | | | |
(1. to 200.)
XSECTN R S S AT TR,
Elevation Discharge End Area
I | (feet) | (cfs) | (sg. feet) ! '
T TTEEEECRELATE 0.0 0.0
{maximum of 20 data records) |

(Enter XSECTN table after
appropriate REACH record.)

(First REACH record and
XSECTN table must be at
the dam with distance
equal to zero on the
REACH record.)

{The first sectiecn number
may be any number, but the
following sections must
have increasing section
numbers .)

ENDTABLE

TR

TS0

HWHMHMHMM

Q-2
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TR-66 -- MICROCOMPUTER PROGRAM INPUT
INPUT FORM 5 —- . STREAM CROSS SECTION DATA

(TR-20 Format ~— 12 Column Data Fields)

WATERSHED PREPARED BY DATE _____ SHEET __ OF ___
Control 'Cross Section. Distance | ' r '
Word I~ " Number ! (feet} | I I l
1 - 10 I 11 - 20 | 21 -30 31 - 40 I 41 - 50 ! 51 - 60 | 6t - 70
FIEACH 1 il L T T T T T T T
ﬂPtQPI : Croﬁaﬂﬁigflon |
4-9 13-15 25 - 36 ! 37 - 48 ! 49 - B0 ! b1 ~ 72
HHXSECTNIMHHIlMﬂmHHmHmIMHMHHmHmHmlMHMHMHMHWHIﬂWHWHWHWUWHHHMHMﬂNHWHW
(004 to 200) Elevation Discharge End Area
! .. (feet) | {cfs) I (sq. feet) !
AL AT AT 0.0 0.0
(TR-20 Data code (B8) is not used)
(maximum of 20 data records
{ .
yngm

{Enter XSECTN table after
appropriate REACH record.)

(First REACH record and 2-XSECTN
table must be at the dam with
distance equal to zero on the
REACH record.) o

{The first section number may

be any number, but the following
sections must have increasing
section numbers.)

9 [[ENDTBL

[TLCEATER T

LTI

T

16-0
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TR-66 --.MICROCOMPUTER PROGRAM INPUT

) INPUT FORM 6 -- TRIBUTARY STORAGE DATA
WATERSHED PREPARED BY\ DATE ______ SHEET OF
T S s
1 -10 ! 11-20 ' 21-30 ' 31-40 ! a1-s50 ' s1-80 ' &1 - 70
TRIBSTOR 1] J HHE R R
| |Elevat§0n| Storage | | !
. L (feet) ! (ac-ft) ! ! !
TR AR RIRINRE 0.0

(maximum of 20 data records)

o

#

direction.

(A1l reaches on the same tributar{
must have the same Section ID indi-
cating the main valley section at
the junction with the tributary.)

éEnter the TAIBSTOR dats so the
ection ID's increase as you
progress downstream.)

{Distance must equal distance to
next downstream cross section.)

(The Reach No's. for each tributary
must start with 4 and increase
sequential}y in an upstream

~1

ENDTABLE

LLLETETTTECTTT

AR
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