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PART A 
NUMERICAL MODEL 

A1.0 INTRODUCTION 

The objective of this study was to develop a numerical model 

to simulate the generation, propagation, and dissipation of 

rockfall or landslide-generated water waves in bays, lakes, 

reservoirs, fjords, and rivers. Such waves are a major cause 

for concern in the vicinity of dams which may be overtopped 

and damaged, with flooding downstream which may cause the 

loss of life. Other areas of concern include damage to in-

take structures, spillways, power houses, and shoreline 

structures. 

It is possible for a large land mass to become loose and 

plunge into the nearby water body under certain conditions 

such as earthquake, bomb explosion, heavy rain (especially 

after fire), and so on. When a large landslide intrudes into 

a large body of water at a high speed, a huge water wave 

can be generated. Large landslide-generated waves have been 

observed in Kenai Lake, Disenchantment Bay, and Lituya Bay, 

Alaska; Vajont Reservoir, Italy; Shimabara Bay, Japan; 

Yanahuin Lake, Peru; and many Norwegian fjords and lakes 

(Jorstad, 1968; Miller, 1960; McCulloch, 1966; Noda, 1970; 

Raney and Butler, 1975; Slingerland and Voight, 1979). The 

combined death toll from these events exceeds twenty 

thousand people. 

The process of a landslide entering water is very compli- 

cated. The factors affecting the characteristics of 

landslide-generated waves include the dimensions, velocity, 

orientation, and initial location of the landslide, and the 

dimensions of the water body. The slide velocity depends on 

local slope, frictional resistance in both the air and 

water, and the shape and dimensions of the landslide mass. 
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Some assumptions have to be adopted to build a practical, 

predictive model. 

Two kinds of landslide submodels have been constructed in 

this study. For a "forced" landslide, the motion of the 

landslide is predetermined by measurement, calculation, or 

some other engineering method. For a "natural" landslide, 

the landslide is considered as a train of segments moving 

down a variable slope under a combination of different 

natural forces. All segments are assumed to move at the same 

time-varying horizontal velocity so the slide does not 

deform. 

To describe the generation and propagation of landslide-

generated waves, an analytical approach (e.g., Kennard, 

1949; Kranzer and Keller, 1958; Noda, 1969; Madsen, 1970) 

has little practical application because the geometry has to 

be simple and the water depth has to be constant. Several 

physical models have been built to study the landslide-

generated waves. Wiegel (1955), Kuba (1968), Madsen (1970), 

Wiegel, et al. (1970), and Das and Wiegel (1971) used a 

one-dimensional flume and made some,  laboratory experiments 

to study the characteristics of landslide-generated waves. 

Kamphuis and Bowering (1970) derived empirical expressions 

for wave height and period as functions of distance from the 

point of entry, based on dimensional analysis and experimen- 

tal data obtained in a one-dimensional flume. Hydraulic 

models have been conducted to investigate landslide-

generated waves in Mica Reservoir (Western Canada Hydraulic 

Laboratories, 1970), Lake Koocanusa and Libby Dam (Davidson 

and Whalin, 1974; Davidson and McCartney, 1975), Revelstoke 

Reservoir (Northwest Hydraulic Consultants Ltd., 1976), and 

Morrow Point Reservoir (Pugh and Harris, 1982). 

Laboratory models, while often necessary, are both expensive 

and cumbersome, and do not permit rapid, efficient con- 
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sideration of alternate conditions. A numerical model , on 

the other hand, offers great convenience and flexibility. 

The landslide mechanism, wave propagation in a reservoir of 

varied depth, overtopping, and forces on the dam can all be 

computed by utilizing a digital computer. If there is a 

danger of overtopping or even a dam-break, the landslide-

wave model can be coupled with a flood routing model to 

study the potential downstream hazards. After a reasonably 

generalized numerical model is constructed, it is easy to 

adapt it for other physical conditions or other study areas. 

Noda (1969, 1970) provided numerical results for the cases 

of a vertically falling box and a horizontal piston. The 

initial water depth is constant. In the case of variable 

water depth, laws of conservation of mass and momentum are 

used to simulate the wave motions. Tetra Tech (1975) applied 

the shallow water equations, neglecting the nonlinear advec-

tive terms, to simulate the wave propagation due to a poten-

tial landslide from Mt. Baker into Baker Lake, Washington. 

Koutitas (1977) used a finite element method, to predict 

landslide-generated waves in a one-dimensional reservoir. 

Raney and Butler (1975) applied the shallow water equations, 

including advective terms, to simulate two-dimensional wave 

propagation. Numerical results were compared to experimen-

tal data from a hydraulic model of Libby Dam and Lake 

Koocanusa. Slingerland and Voight (1979) showed comparisons 

among alternate descriptions of large water waves generated 

by landslides. 

For Downie Slide into Revelstoke Reservoir, Mercer, et al. 

(1979) used a hybrid model which consisted of three sub-

models. The first submodel was a physical model to simulate 

the landslide motion and the propagation and attenuation of 

the landslide-generated waves. A time series of wave height 

was measured seven miles downstream from the landslide site. 

At this point, the surface fluctuation is already smoothed 
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and the wave period is elongated. The measured wave heights 

were then fed into the second submodel which was a numerical 

model of a one-dimensional wave propagating downstream to 

about 1.3 miles upstream of Revelstoke Dam. The runup on 

Revelstoke Dam was then found from the third submodel, a 

physical model, based on the computed wave data at the point 

1.3 miles upstream of the dam. 

In the present study, the nonlinear, depth-averaged con-

tinuity and momentum equations are used to simulate the pro-

pagation and dissipation of water waves in a variable-depth 

basin. Vertical accelerations are neglected. The major 

forcing mechanism of the landslide-generated wave is incor-

porated into the continuity equation. When a landslide mass 

intrudes into the water, the displaced water volume raises 

the water surface and the increased elevation-gradient 

induces water motions. The secondary mechanism--drag induced 

water motion--is incorporated into the momentum equations. 

An explicit finite-difference method is used to solve the 

partial d-ifferential equations. A mapping technique (Chiang, 

19-79) is used such that those points outside of the com-

putational domain do not consume extra storage space. About 

one third to one half of the array dimensions can be elimi-

nated in this way. Four types of boundaries are allowed in 

the model: dam, totally reflective boundary, totally 

transmissive boundary, and partially reflective boundary. 

The model is very flexible. Effects of wave reflection, 

refraction, and shoaling are all implicit in the model. 

Energy dissipation caused by wave breaking in nearshore 

areas is represented by a partial reflective boundary. 

The complete model has been exercised by simulating several 

laboratordy and historical slides. These simulations 

include waves due to three potential landslides in the vici-

nity of Morrow Point Dam, Colorado, landslides near Mica 
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Dam (an earth dam in British Columbia), and the Lituya Bay 

rockslide which occurred on July 9, 1958. All results are 

compared to either laboratory measurements or field obser-

vations. 

At the completion of a simulation with this model, the 

discharge hydrograph over the dam (if any) is stored into a 

file. The file is then used to supply the upstream 

hydrograph for a flood routing model. 

A major emphasis in the development of this model was user 

convenience. For example, if certain variables are not spe-

cified, the program adopts average default values. In par-

ticular, the program is extremely flexible in the ways which 

a landslide may be described. The "forced landslide" sub-

model requires only very simple input but permits descrip-

tion of an extremely broad variety of motions. Similarly, 

the "natural landslide" submodel eliminates the necessity 

for the user to specify any slide motions at all, while 

requiring only very simple input. In both modes, the user 

can perform parametric studies--varying, say, slide path 

angle, friction slope, and the like--by changing a single 

input value. 

A similar effort has been expended to make the printed out-

put as useful as possible. A large number of output options 

are controlled by the user allowing him to expand or contract 

the volume of output data at will. The output includes 

documentation of all input data and liberal use of descrip-

tive graphics which permit the user to see at a glance that 

data has been entered correctly. Line printer plots of com-

puted time histories and hydrographs are also available if 

requested by the user. 

This report consists of two parts. Part A describes the 

numerical model and the numerical experiments. Part B is the 

Uner's Guide for the complete model, LSWAVE. 
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In Part A, Chapter A2 presents the basic concepts and mathe-

matical models used in the study. The model consists of a 

hydrodynamical submodel and three wave-generating submodels. 

Numerical methods used in solving the governing equations 

are described. 

Chapter A3 depicts the procedures and results of several 

numerical experiments using LSWAVE. The experiments include 

those for landslide-generated waves in Morrow Point 

Reservoir, Lituya Bay, and Mica Reservoir. The results of 

each simulation are discussed. The transition of the 

hydrograph data from LSWAVE to a downstream flood routing 

model is described, and difficulties in downstream flood 

routing are discussed. 

Chapter A4 gives a summary of the conclusions and recommen-

dations. Appendix Al contains a list of notations used in 

Part A of this report. The list of references is merged 

together with the references for Part B, and is found at the 

very end of the report. 
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A2.0 MATHEMATICAL MODEL 

The model consists of a hydrodynamic submodel and three 

wave-generating submodels. The hydrodynamic submodel is used 

to simulate the propagation and dissipation of the generated 

waves. The main wave-generating mechanism considered in this 

study is a landslide, although a simple dip-slip earthquake 

displacement is also included. 

A right-handed cartesian (x-y-z) coordinate system fixed on 

the earth with the z-axis vertically upwards is used in this 

report (Figure Al). The x-y plane rests on the initially 

still water surface of the basin. The water surface fluc-

tuates about this datum plane. The depth is defined as the 

negative elevation, relative to this datum plane, of the 

bottom surface. That is, the depth is measured positive 

downward from the still water surface. Water velocities 

mentioned in this report are all depth-averged velocities. 

A2.1 Hydrodynamic Submodel 

A2.1.1 Partial differential equations 

Assuming hydrostatic pressure and neglecting the vertical 

motion, a set of depth-averaged equations is derived from 

the continuity equation and the Navier-Stokes equations: 

;n a (HU) a (HV) a D (1) 
at + ax + ay at 

a t + Ua + Va 
U  + ga = -Fx ( 2 ) Y 

a t + Ua + Va y + ga y = -
FY ( 3 ) 



Z, n 

,V 

FIGURE Al: Definition sketch of coordinate system 
and notation. 



where D = water depth relative to initial water surface; 

Fx, Fy = total friction along x- and y-directions, 
respectively; 

g = gravitational acceleration; 

H = T1+D, total water depth relative to instan-
taneous water surface; 

t = time; 

u, v = water velocities along x- and y-directions, 
respectively; 

x, y = coordinates; 

and tj = surface elevation relative to initial water 
surface (positive upward). 

Since this model is to be applied to a relatively small 

area, the Coriolis effect is neglected and the curvature of 

the Earth is not considered. 

Terms on the right hand sides of Eqs. 1 to 3 are forcing 

functions. The variable D is the water depth relative to the 

initial water surface. The negative of this value is the 

bottom elevation with respect to the intial water surface. 

Therefore, Eq. 1 shows the conservation of mass by con-

sidering the rate of change of bottom elevation caused 

by the intrusion of a landslide. 

The terms on the right hand sides of the momentum equations 

2 and 3 include effects of bottom friction and drag due to a 

landslide. Surface stress and turbulent friction are not 

considered in this study. At a location outside of the 

landslide path, the resistance force is equal to the usual 

bottom stress. 

The x-component of the bottom stress can be expressed as 

(see Chiang, 1979) 

Sbx  = 12PgU(U2+V2) (4) 
C 

C 
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where p is the unit mass of water, and Cc  is the Chezy co-

efficient, which is related to Manning's coefficient, n, by 

(see Henderson, 1966); 

Cc = =R
1/6 (5) 

i 

where R is the hydraulic radius. In a two-dimensional flow, 

R can be approximated by the height of the water column, H, 
and therefore: 

C = 1= 
 1/6 

 6 ( 6 ) 
c n 

When Manning's n is expressed in FPS units instead of the 

MKS system, the above expression should be: " 

C = 1.486H1/6 (7) 

~J 

c n 

Combining Eqs. 4 to 7, the x-component of resistance in 

Eq. 2 is expressed as 

F __ Sbx n2gU(U2+V2) 
 X PH 1.4862 H4/3 

Similarly, the y-component resistance is expressed as 

F = Sby = nn 2gV (U2+V2) 
y pH 1.4862 H4/ 3 

(9) 

At a location covered by the landslide, the resistance comes 

from the drag induced' by the slide. The drag is normally 

expressed as (Schlichting, 1960; Rosenhead, 1963; Batchelor, 

1967) 

Drag = ZpCDAVr (10) 

where A is some kind of cross-sectional area of the sub-

merged body, CD is called the drag coefficient, and Vr  is 
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the relative velocity of the slide. This equation is assumed 

to be applicable to an unsteady state when the instantaneous 

velocity is used for Vr. The drag can be considered as a 

combination of pressure drag (called form drag), Dp, and 

viscous drag (called surface drag), Dv. At a location 

covered by the landslide, the bottom stress is replaced by 

the drag, and the total horizontal resistance is 

D +D 
F = - pHA cos a 

s 

2 

2HA (CDAp+CDvAv)cosa p 
S (11) 

where a is the angle between the instantaneous slide direc-

tion and the horizontal plane, CDp and CDv  respectively are 

the pressure drag coefficient and the viscous drag coef-

ficient, and Ap t  AV ? and As  are appropriate cross-sectional 

areas. In this study, A  is defined as the projected area 

of the submerged part of the slide, on a plane normal to the 

direction of motion; AV  is the projected area of the sub-

merged slide on a plane paralllel to the local bottom slope; 

and As  is the horizontal area of projection of the submerged 

part of the slide. The far-field velocity is assumed to be 

zero, and the relative velocity, Vr, is taken to be the 

slide velocity. 

The basic structure of the hydrodynamic model is Eqs . 1 to 

3, with F defined either by Eqs. 8 and 9, or by Eq. 11, 

depending on whether the specific location is covered by the 

moving landslide or not. 

There are four kinds of boundaries in this model: 

(a) Numerical truncation boundaries (open boundaries) 

beyond which computations are, for reasons of 

economy, not continued (primarily upstream) but at 

which some approximations must be imposed; 
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(b) The dam face which acts as a finite height reflective 

wall which allows overtopping only for sufficiently 

large waves; otherwise, the wave is totally reflected 

back; 

(c) Solid bboundaries which reflect waves without 

transmission or dissipation; and 

(d) Partially reflective boundaries on which waves may, to 

some degree, break and be dissipated. 

The treatment of truncation boundaries is straight-forward. 

The condition of complete wave transmission is derived from 

-the one-dimensional continuity equation 

an + a(HU) _ ® (12) 
at ax 

In a long wave, 

U - CH (13) 

where C - (gH) z 
(14) 

is the wave celerity. Then, from Eq. 12, (Hwang and Divoky, 

1970), 

3 T 9(CT) 
at 3x 

—CaX 

A schematic representation of the treatment is depicted in 

Figure A2 in which superscripts n and n+l denote time 

levels while subscripts b and i denote the boundary point 

and the neighboring interior point, respectively. 

At a dam, a weir formula applies: 
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an 
- 
_ an 

3 t -Ca x 

nb
+l = 

nb + Cox ( ni nb) 

C = (gH) ~ = Ig (D+n) ] h 

~aV 

D 

Clnside)~ (Outside) 

FIGURE A2: Graphical representation of the total 
transmission open boundary condition. 
(After Hwang and Divoky, 1975). 
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q = Ca Ht ( 2gHt) z 

- Cd Ht 
3/2 

where C  = CA (2g) ~ 

 

(16)  

(17)  

 

is the discharge coefficient used in 

discharge over a unit width of the 
sionless discharge coefficient, and 

above the dam. 

this model 

dam, Cd i 

Ht  is the 

q is the 
s a dimen- 

total head 

i 

0 

A solid boundary is a reflective boundary across which the 7 
the normal velocity is zero. It is obtained, in this model, 

by setting an abnormally high dam along the boundary such 0 
that q is always zero. 

Along a partially reflective boundary, a one-dimensional 

treatment is developed in this study such that part of the 
wave energy is dissipated at the boundary while the 

remaining energy is reflected back. The artifice is to com-

pute the velocity at a small distance outside the boundary 

according to 

P T 
V

o  = CEDV0 +(1-CED) VO 
0<cED<1 

(18)  

where Va = -Vi (19 ) 

is the outside velocity under the fully reflective assump-

tion V is the normal velocity; superscripts P, T, and R 

denote the conditions of partial reflection, total 

transmission, and total reflection, respectively; subscripts 

o and i denote the locations a small distance outside and 

the same small distance inside the boundary; and CED is here 

termed the "energy dissipation coefficient." Eq. 19 is 

obtained by assuming the boundary to be a perfectly sym-

metric reflective boundary. The outside velocity under the 

fully transmissive assumption VoT, is obtained by the com-

bination of Eq. 15 the mass conservative equation. 
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The energy dissipation coefficient, CED,  although indirectly 

proportional to the commonly used "transmission coefficient" 

has no direct physical meaning. The relationship between CED 

and the transmission coefficient depends on the charac-

teristics of the wave under study, such as wave period, and 

on some parameters of the numerical model such as grid spa-

cing, computational time step. 

In order to illustrate the effect of CED, a simple test was 

performed for a one-dimensional standing wave. The basin 

has a constant depth of 50 meters and a length of one half 

wave length which was set at 1680 meters. Partial reflec-

tive boundaries were imposed at both ends of the basin. The 

grid spacing was 70 meters and the computational time step 

was 3 seconds. The initial profile was sinusoidal. The time 

histories of wave elevation for the cases of CED equal to 

1.0, 0.7, 0.3, and 0, are shown in Figure A3. The solid 

line and the dotted line represent the fluctuations of the 

surface elevation at the two ends of the basin. When CED = 

1.0, the initial wave is totally transmitted after a half 

cycle. When CED = 0, the wave oscillates inside the closed 

basin without dissipation. In the other two intermediate 

cases, the results show different rates of wave decay. The 

relation between CED and the estimated transmitted coef-

ficient in this case is plotted in Figure B6 of Part B. 

This test shows that although CED is not a physical 

variable, its use effectively simulates energy dissipation. 

A2.1.2 Numerical method 

In general, Eqs. 1 to 3 cannot be solved analytically. A 

finite difference method of numerical integration is adopted 

here. 

The typical time duration of landslides in this study is 

about 10 seconds. The computational time step should there-

fore be about 1 second or less, in order to have good reso- 
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lution of the disturbance. For a typical water depth of 

about 400 feet, and a grid spacing of 200 feet or larger, 

the associated Courant number, which is a function of time 

step, grid spacing, and wave celerity, would then be lower 

than unity. Thus, there is little advantage to consider an 

implicit scheme and a straightforward explicit scheme is 
used in this study in order to minimize the computational 

effort. 

A central-difference formulation is used in transforming 

the partial differential equations to finite difference 

equations. A space-staggered scheme is adopted in this study 
to increase the efficiency of programming. In this scheme, 
surface elevation, n, and two components of velocity, U and 

V, are described at different locations of a grid (see 

Figure A4) . Depth, D, is defined at the same point as rL. 
Furthermore, the scheme is time-staggered. That is, the sur-

face elevations are defined at time levels n- ~ , n+ 2-, 

n+3/2, etc., while velocities are defined at time levels n, 

n+l, n+2, etc., as can be seen in the following finite ,dif-
ference equations. 

The finite difference equations at a point (i,j,n), where i 

and j are indices of the spatial coordinates, and n repre-

sents the time step, are derived from Eqs. 1 to 3 as: 

1 ( n+~ n-~ 
Ot ni,j-ni.j) 

+ 1 
[(H n-~  +Hn-')Un - Hn-h+Hn

- 
Un  2~x i+l,j i,j i+~,j i,j i-1,j) i-z,j] 

1 n-' Hn-' V Hn ,+Hn- Vn 
+ 2Ay 

[(H 
i,j+l+  i.j) i,j+~-( i,j i,j-1~ i,j-] 

1 (Dn+~_Dn- 
_

~)
t i,j i,j (20) 
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1 (un+l
,j

_un
,_,,j) 
 + - 1tIn Un -Un  Zt i+~i 27x i+~,j( i+3/2,j i_h,j 

+ 1 i7r., (Un -Un + nn+h -nn+~ 20y i+h,j\ i+h,j+1 i+h,j-1) Ax i+1,j i,j) 

_ -(F n+h 
x 
 ) i+h, J ( 21) 

and 

t (v
nl

+,
_
V~,j+,

) 
i,j + 2LxUi,j+~ri+l,j+~ Vi-1,j+ 

+ 1Vn  + 
(V~ 

-Vn + g (nn+~ 
n+

20y i,j ~ +3/2 i,j-'~ cry i,j 1 i,j/  

n+~ -(Fy) i,J+~ (22) 

where Ui, j+ 
4 (Ui-~ I j+Ui-~, j+1+LJi+~, 

j+L7
i+i, j+l) ( 23 ) 

V. - . +V. i +V i +V _ i(
vi, - j-~ l,j+~ +l,j-~ +l,j+~ (24) 

and Fx, following Eqs. 8 and 11, is expressed as 
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n+ (F 
i+~, J 

= S 
C [ n 

RU 
n 12+ (Vn 12 '~ 

Hn+~ 3/4+  Hn+~ 3/4 i+ ,j i+~,j i+~,j 
i+l,j i,j 

1 
I(V 

 r) n+~ cosel  2 

(1-S) 2 
(Ax) (Ay) J  

YCD 
(A ) n+hZ +

CDv (Av) i+1, ' + YCD (A ) 
n+

h+CDC  (A v)n+h 

Hn+ H n+41 cos a 

i+l,j i,j 

(25)  
in which 8 is either 0 when the landslide is passing the 
point ( i+ ~ , j) or 1. otherwise,- Y is 1 only when its asso-
ciated term is applied to the first element of the 

landslide, otherwise, 0; 6 is the forward direction of 

the slide, relative to the x-axis; and the constant C' is 

C1 _ 2n c' 
1.4862 

(26)  

The diamond shape in Figure A4 indicates the numerical 

domain of dependence for Eq. 20, the continuity equation. 

Eqs. 21 and 22 are actually applied at (i+ z,j) and 

(i,j+ ~ ), respectively. In the computer coding, integers are 

used for indices and i+ ~ and j+ 12-  are denoted by i and j, 

respectively. The index of time step n+h is denoted by n+1. 

Thus the U's and V's in Figure A4 are coded as U(i-1,j), 

U(i,j), V(i,j-1), and V(i,j) although they are defined at 

points half way between elevation points which have exact 

integer indices (i,j). 

A2.2 Wave-generating Submodels 

Three submodels are incorporated to simulate the wave- 
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generating forces. The basic concepts are described-  in the 

following three sections. 

A2.2.1 "Forced" landslide 

The "forced" landslide submodel is used to simulate the 

generation of waves due to a landslide for _which the velo-

city history is pre-determined. The motion of the model 

landslide is forced, to follow the time history of the velo-

city specified by the user. The input velocity can be one 

measured in the laboratory or one computed or estimated in 

any manner. The slide geometry can be quite complex and 

deformable. 

The controlling factors of the "forced" landslide include: 

(a) Slide dimensions, determining the volume of water 
displaced and partly determining the horizontal 
length scales associated with the waves; 

(b) Slide velocity, determining the rapidity with which 
fluid is displaced, governing the initial wave steep-
ness and energy; 

(c) Slide orientation, affecting the directionality of 
the initial wave system; and 

(d) Slide location, influencing subsequent propagation 
patterns and intensity. 

From the starting position, direction, and the velocity, 

,1 
the model determines the spatial distribution of the slide 

at any instant. The change of bottom elevation at a com-

putational grid point due to the intrusion of the landslide 

can then be calculated from one time step to the next. The 

J 
rate of change is inserted on the right hand side of Eq. 20. 

This change rate of bottom elevation is the primary forcing 

function of the landslide-generated waves. When multiplied 

by the grid area, (Ax)(Dy), this rate becomes the rate of 

intruding volume of the landslide. 

At a grid covered by the landslide, the resistance terms in 

Eqs . 21 and 22, Fx  and Fy, are contributed by the drag due 
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to the landslide and not by the bottom friction. The drag 

is a secondary forcing mechanism in generating waves. 

A grid system different from the main grid used in the 

hydrodynamic submodel is used to describe the distribution 

of the landslide (Figure Bg in Part B).. Three dimensional 

features of a landslide can be easily reproduced. Across 

the landslide, the width is equally divided into a number of 

slices. Each slice-has its own specification of shape and 

its own velocity history. All slices are taken to move in 

the same direction. Along the landslide, the total length 

is divided into several segments with unequal horizontal 

spacing. The thickness of the sliding mass is specified 

independently at each segment for each slice. When the 

slide moves along an uneven slope, each segment is assumed 
to preserve its own height and horizontal spacing and all 

segments in a given slice move at a uniform speed during a 

time step. Since each slice has its own shape and velocity 

history, the simulated motions can be extremely general. 

A2.2.2 "Natural" landslide 

A "natural" landslide submodel computes the time history of 

the slide velocity based on the natural characteristics of 

the landslide and the topography. The velocity of water is 

neglected and the time history of the slide velocity is com-

puted prior to the wave simulation. 

Based on the starting position and direction of landslide 

motion, the potential path of the slide is established. The 

acceleration and velocity of the slide are computed as func-

tions of position along this path at horizontal steps L s 

which is the smaller of Lx and &y. The total length of 

the landslide is divided into several segments of equal 

length L s . The heights (thickness)  of these segments are 

computed by interpolation using the input data as described 

for the forced landslide, and the several forces acting on 

u 

0 

0 
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these segments are summed to determine the total force on 

the slide . 

The equation of motion is: 

Cosa a(psVs+KpVs) = psgVs  (sing) 

- (p
s
V
s
-pVs)g(cosa)(tano) 

- pgVs (sina) 

- ~pCDpV2Ap 

V 2 
_ r 

pCDv Cosa p'v (27) 

in which 

a = horizontal acceleration of landslide; 

a/cosa = acceleration along the sliding slope; 

Ap = projected area of the submerged part of landslide, 
on a plane normal to the direction of slide; 

Av  = projected area of the submerged part of landslide, 
on a plane parallel to the local bottom surface; 

CDp = pressure drag coefficient; 

CDv  = viscous drag coefficient; 

K = added mass coefficient; 

Vs  = total volume of landslide; 

Vs  = submerged volume of landslide; 

a = inclination (angle between the instantaneous 
sliding direction and the horizontal plane); 

p = unit mass of water; 

PS  = unit mass of landslide; 
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~ = friction angle. 

The left hand side of the equation is the total force ac-

celerating the slide mass and the added hydrodynamic mass. 

The five terms on the right hand side are gravitational 

force, friction, buoyancy, pressure drag, and viscous drag, 

respectively. The equation is actually describing the hori-

zontal motion of the center of mass of the landslide 

segment. 

When a finite number of landslide segment is considered, 

each segment has its own volume and slope. Eq. 27 is-rewrit-

ten as 

a P
s  E (Vs) i+Kp (VS) psg E 

i 
= E (Vssina cosa)i 

Cz 1 1 

gtan~E f (P sVs-PVS) (cos2a)~ 
iL 1 

- pgE (VS sina cosa)i 
i 

2pCDpVrW(HSL)max  

V 4(.pCDvW~ (cosCosa Cosa 
(28) 

i 

where W is the width of the slide and (HSL)max  denotes the 

maximum submerged height of the slide. The horizontal acce-

leration, a, in Eq. 28 is an averaged accleration which 

represents the average horizontal motion of the entire 

slide. 

The horizontal velocity is computed by 

V +1 = Vh + 2 (At) n+ I,-(an+l+an) (2g) 

where the time interval, At, for the slide to advance a 

fixed distance s is obtained from 
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As = Vh (At) n+'h 
+ 4 (an+an+l) 1( At)n

+h1 2 ( 30 ) 

With the initial velocity set to zero, the velocity as a 

function of time can be found using Eqs. 25 to 27. When 

this time history of velocity is available, the "forced" 

landslide routines can be used to continue the computation 

of waves generated by the "natural" landslide. 

A2.2.3 Bottom Motion Generated Waves 

A small submodel is included in this study to simulate the 

waves induced by a fault motion. A straight fault line 

passes through the water body and the bottom to one side of 

the fault line is either raised or lowered instantaneously. 

The surface elevation changes simultaneously according to 

the conservation of mass. The wave is produced by the gra-

dient of surface elevation and the subsequent flow motions. 
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A3.0 NUMERICAL EXPERIMENTS 

A3.1 Morrow Point Reservoir, Colorado 

A3.1.1 Description 

Morrow Point Dam, completed in 1963, is a double curvature 

thin-arch concrete dam. It is 740 ft long and 469 ft high. 

Gunnison River upstream of the dam makes Morrow Point 

Reservoir in Gunnison County and Montrose County, Colorado. 

In the first three miles of the reach upstream from Morrow 

Point Dam, there are three potential landslide .areas (Pugh 

and Harris, 1982) which are designated as "A", "B", and "C" 

as shown in Figure A5, in this study. Slide A, located 

approximately 2,500 ft upstream from the right abutment of 

the dam, appears to have the greatest threat to the dam 

(Safety of Dams Evaluation Team for Morrow Point Dam, 1979). 

A physical model was built at the Bureau of Reclamation 

Hydraulic Laboratory to study the characteristics of 

-~ landslide-generated waves in Morrow Point Reservoir (Pugh 

and Harris, 1982). The landslide was represented by a block 

with a shape of a reversed wedge, sliding down a slope of 

r J 290  into the reservoir as shown in Figure A6. The widths of 
the block were, in prototype, 1250 ft for slide A and 1000 

ft for both slide B and slide C. The blocks were not sub-

merged when they came to a stop at the end of the slopes. 

J The model was constructed to an undistorted scale of 1:250. 

Since both the time ratio and velocity ratio are square 

roots of the length ratio, they are 1:15.81. With these 

ratios, the dimensional analysis for Eqs. 1 to 3 shows that 

the model is similar to the prototype as long as the ratio 

of n, Manning's friction coefficient, is 1:2.51. 

In the laboratory, water level measurements were made at 13 

locations throughout the reservoir. Probes are numbered 2 to 
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FIGURE A6: Schematic diagram of model landslide. 
(After Pugh and Harris, 1982). 
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14 (Figure A7). Probes 2 to 4, from north to south, are 
three probes immediately upstream of Morrow Point Dam. Probe 

3 is located near the center of the dam. 

A3.1.2 Simulation 

The numerical model developed in this study was used to 

simulate three laboratory runs: SLA91, SLB51, and SLC61, 

which are typical runs for slides "A," "B," and "C," respec-

tively. A 14 by 64 grid was superposed over the region 

(Figure A7). The grid size was 250 ft by 250 ft. The 

orientation of the grid was chosen such that one of the two 

axes (x-axis in Figure A7) was parallel to the dam. An open 

boundary was set at the east end of the modelled reservoir. 

Water surface fluctuations at all 13 probe locations (number 

2 to number 14 in Figure A7) were computed. Because the 

grid spacings are 250 ft by 250 ft, the location of a probe 

could be as much as 250x0.707=177 ft off from the true loca-

tion in the laboratory. The computational time step is 

0.6878 sec, which is half of the time step used in the 

laboratory to record landslide motion and water elevations. 

The coefficient of energy dissipation was set equal to 0.7 

for SLA91 and 0.6 for both SLB51 and SLC61. 

The "forced" landslide submodel was used to simulate the 

laboratory landslide motions. The sliding directions -with 

respect to the x-axis were 0°, 195°, and -12°, for slides A, 

B, and C, respectively (Figure A7). A fine grid system 

based on 50 by 50 subdivisions per computational grid was 

used to simulate the propagation of the slides. The input 

time histories of slide velocity were obtained from the 

laboratory observations (Figure A8). About 18 time steps 

were required to describe the slide motions. 

Time histories of the resultant water surface fluctuation at 

selected probe locations are depicted in Figures A9 to A16. 

Each of these figures consists of two plots with the upper 
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one showing the numerical result and the lower one showing 

the laboratory result. 

Figure A9 illustrates the results of slide A at Probe 3 

which is located immediately upstream of the center part of 

Morrow Point Dam (Figure A7). The phase and peak of the 

first computed wave are very close to those measured in the 

laboratory. Figure A10 shows the results at Probe 14 which 

is located about three miles upstream from slide A (Figure 

A7). After turning- around a river bend and traveling for 

about two miles, the original huge wave becomes a long undu-

lation. The computed wave height is a little lower than the 

measured one. The fluctuations of water surface after the 

first wave peak has passed depend on how precisely the boun-

dary and bathymetry are represented in the model. Normally, 

it is meaningless to check too many detail after the first 

or second peak. However, the general patterns in-Figures A9 

to A16 are all extremely encouraging. 

When the full nonlinear model was used to simulate the waves 

generated by slide B, a nonlinear numerical instability 

occurred, probably due to the high slide velocity (Figure 

A8), and certain combinations of geometry and bathymetry. 

Therefore, the nonlinear terms in the governing equations 

were surpressed in this run (a convenient user option). 

Figure All depicts the surface fluctuation at Probe 3, which 

is located at the center of the dam (Figure A7). Again, the 

wave peak, phase, and general pattern all show good 

agreement despite the approximation. Figure 12 shows the 

results at Probe 10 which is located at the middle section 

of the reservoir (Figure A7). Short period fluctuations 

indicate the effects of wave reflection from boundaries and 

refraction due to the uneven bottom. Figure A13 shows the 

results for Probe 12 near slide B. A little higher peak from 

the numerical model could be due to the error of the probe 

location, since the wave changes extremely rapidly near the 

landslide area. 
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For slide C, Figure A14 shows the computed and measured 

surface fluctuation at Probe 3 near the center of the dam. 

The phase and shape of the first wave agree well. The com-

puted wave has a slightly smaller amplitude. At the middle 

section of the reservoir, where Probe 10 is located, the 

results are illustrated in Figure A15. There are a few 

seconds of phase error. At the eastern end of the reservoir, 

the results from Probe 14 are depicted in Figure A16. The 

computed phase and - general pattern agree with the measured 

ones. The computed wave amplitude is slightly smaller than 

the measured amplitude. The kink in the first measured wave 

probably is caused by partial reflection from-the damping 

boundary at the eastern end of the physical model. 

When initial values of free-board at Morrow Point Dam for 

slides A, B, and C of 5.75 ft, 4.00 ft, and 4.25 ft, respec-

tively, the computed discharges over the dam are depicted in 

Figure A17. The peak discharge due to slide A reaches 1.7 

million cfs, while those due to slides B and C are only 0.2 

million cfs and 0.1 million cfs, respectively. The main 

reason for smaller discharge is wave decay and dispersion 

over the longer paths. A minor reason is that slides B and 

C are both of four-fifths of the size of slide A. As a 

final comparison, the total volume of overtopping for Slide 

A (SLA91) was computed to be 22.6 million cubic feet with a 

discharge coefficient of 4.0. The measured volume was 21.9 

million cubic feet. 

In conclusion, the numerical model in this study is 

capable of reproducing the landslide-generated water waves 

tested in the laboratory. Using landslides t all three 

locations, the comparison between computed results and 

measured results is very good. - 
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A3.2 Lituya Bay, Alaska 

A3.2.1 Description 

The 1958 landslide in Lituya Bay provides one of the most 

dramatic and well-known examples of large wave generation. 

The event is well documented in Miller (1960) which served 

as the source of data used in the present numerical simula-

tion. 

The bay is situated south of Yakutat on the Gulf of Alaska. 

As shown in Figure A18, it is approximately eight miles long 

and two miles wide_ and is vaguely T-shaped. Depths exceed 

600 feet in many places. At its center is Cenotaph Island. 
A major slide occurred on the northeast bank of- Gilbert 

Inlet, Figure A19, involving approximately 40 million cubic 

yards of rock. The fall was undoubtedly very rapid owing to 

the steepness of the slope, causing the generation of extre-

mely large waves. The promontory just opposite the slide 

across Gilbert Island was washed to a height of 1,700 feet, 
while Cenotaph Island and the adjacent banks were swept to 

heights of more than 100 feet. Figure A18 shows the affec-

ted areas with indications of the elevations. Note that 

these elevations are the result of considerable enhancement 

onshore by shoaling and runup. Elevations to be computed 

offshore in relatively deep water will be substantially 

less. 

A3.2.2 Simulation 

We have not attempted as detailed a simulation of this 

event as performed for the laboratory slides described in 

the previous sections. Instead, we have been content to 

adopt a rather coarse grid and a simplified landslide 

description. Note that unlike laboratory tests, the slide 

behavior must be inferred from rather incomplete evidence. 

For example, the rock volume is an estimate, the slide shape 
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is not known, and it is unknown to what degree ice may have 

participated in the displacement. 

The simulation described here is correspondingly simple. 

The space step size was taken to be a rather coarse 1,000 

feet in the interests of economy. The slide was modeled 

using the natural landslide option in two ways in order to 

test the sensitivity of the results to slide shape. 

Referring to Figure A19 in which the slide area is deli-

neated, it is. seen that the slide width is about 2,500 feet 

and the region extends up to the 3,000 foot elevation con-

tour over a horizontal distance of about 3,800 feet. 

Consequently, our model slide was taken to be a 2,500 x 

3,800 foot rectangle in plan view. Two assumptions were 

made regarding the slide thickness. In the first, we 

assumed a simple wedge shape with a blunt leading edge. In 

the second, we assumed a more streamlined shape tapered at 

the leading and trailing edges and thickest near the middle. 

The adopted shape tables for these two slides were: 

WEDGE 

XSL HSL 

0 227.4 
3800 0  

TAPERED 

0 0 
1016 136.5 
1988 182.0 
2916 136.5 
3799 0 

These shapes each represent a total volume of 40 x 106 cubic 

yards in accordance with estimates. The variables XSL and 

HSL, used in Program LSWAVE, are horizontal distance back 

from the leading edge of the slide, and vertical thickness 

of the slide mass, respectively. 

The landslide was taken to occur directly downslope with a 

friction angle of 10°. The coefficient of energy dissipa-

tion was set equal to zero representing a conservative ease 
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of fully reflective walls, and the specific gravity of the 

mass was taken to be 2.6 corresponding to rock. Other para-

meters such as drag coefficients were set to default values 

discussed in the users' manual (Part B). A complete set of 

input data has been supplied to the Bureau of Reclamation as 

a file in a magnetic tape accompanying this report. The 

velocity time histories of the two slides were found to be 

WEDGE TAPERED 

TIME VELOCITY 
TSL VSL TSL VSL 

0 0 0 0 
14.1 134.5 13.3 143.2 
20.4 170.5 18.9 191.1 
25.8 176..4 23.6 211.9 
31.5 157.2 28.2 208.0 
38.4 118.0 33.0 184.8 
50.3 42.6 38.7 146.7 

Units in all tables are seconds and feet. Note that the 

indicated velocities are the horizontal component of the 

velocity of the leading edge. 

The two slides behaved qualitatively as expected. That is, LJ 

the more streamlined tapered shape achieved greater speeds 

than did the blunt wedge. Both slides show an initial acce- 

leration followed by a deceleration and eventual halt. U 

Adjustment of slopes, friction, shape, and so forth would 

permit the modeler to achieve a variety of displacement 

histories and a corresponding range of resulting wave con- 

a ditions. 

The results are summarized in Table Al which shows maximum ( l 

computed wave elevations at a number of points within the u 

bay. The locations of the points are indicated in Figure (, 

A20. U 

u 

u 
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TABLE Al 

COMPUTED MAXIMUM OFFSHORE WAVE ELEVATIONS, LITUYA BAY 

STATION WEDGE SLIDE• TAPERED SLIDE 

1 200 120 ~) 
2 120 80 J  
3 80 70 
4 60 45 

D 5 30 25 
6 50 40 
7 20 12 
8 40 30 

O 

9 25 20 

The general trends of the results are quite satisfactory. 

As expected, the- wedge slide gave somewhat higher elevations 
a than did the tapered slide. Note that all computed values 

are for points offshore and that the observed elevations are 

on land and therefore subject to additional enhancement by 

shoaling and dynamic runup. As noted in the model studies 

of Wiegel (Miller, 1960), the waves were apparently higher 

along the edges of the bay than in the center this beha-
vior was clearly evident in the numerical simulations. 

Note, for example, that the computed elevations at Point 7 

are much less than at Points 6 and 8. 

We would recommend that a more detailed simulation adopting 

a finer step size and, perhaps, more detailed treatment of 

the slide, should be-performed. A grid with a step size of 

250 feet would be ideal since the wave system would be 

resolved much more accurately. The present simulatin is at 

the limit of large space step. 

L, 
A3.3 Mica Reservoir--Example of an Earth Dam 

A3.3.1 Description 

Mica Reservoir is situated on the upper Columbia River in 

southeast British Columbia. The dam is an earth structure 
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approximately 650 feet high with a base thickness of about 

3000 feet and a crest length of 2700 feet. The large reser-

voir is bounded by a number of potential slide areas caus-

ing concern that--should a major slide occur--the associated 

waves could overtop and erode the dam, leading to rapid 

failure. 

In order to investigate the extent of the potential hazard, 

Western Canada Hydraulic Laboratories conductred an exten-

sive series of physical model tests at a scale of 1:300. 

The study report (Western Canada Hydraulic Laboratories, 

1970) served as the source of all data used in the present 

simulations. 

Several potential slide areas were identified for testing 

including Dutchman's Ridge, Little Chief Creek, Molson 

Ridge, and Franc here Creek. The latter two sites lie across 

the major reservoir at a considerable distance from the dam. 

The site at Little Chief Ridge lies relatively near the dam 

and was the subject of relatively detailed tests in the 

model study. Therefore, we have chosen the Little Chief 

Ridge slides for numerical simulation here. 

A3.3.2 Simulation 

At the outset, it should be noted that there is some ambi-

guity in the WCHL report regarding quantitative features of 

the model and the slides. Several figures must be schematic 

since slide locations, shapes, shoreline, and so forth do 

not always agree between two figures. It has been necessary 

to infer much of the information used in the numerical simu-

lations. Nevertheless, the results are in sufficient agree-

ment with the laboratory tests to indicate the general 

validity of the model. 

Figure A21 shows the region modeled in the numerical study. 

Also shown shaded is the approximate location of the Little 
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FIGURE A21: Configuration of Mica Reservoir near Mica Dam showing position of Little 
Chief Ridge landslide and wave gage stations 3, i, 9, and 10, (Adapted 
from Western Canada Hydraulic Laboratories, 1970). 



Chief Ridge slide LCR-1. A finite difference grid with a 

space-step of 500 feet was adopted, with the dam crest lying 

along a coordinate direction. The energy dissipation coef-

ficient was 0.7 and the slide bulk density was 2.0. The 

complete data deck describing all input has been supplied to 

the Bureau of Reclamation as a file on a magnetic tape 

accompanying this report. Note that the slope of the face 

of the dam was accounted for in the depth grid with the cho-

sen space step. A larger step would cause the dam slope to 

"disappear" from the numerical model. In general, when 

modeling an earth dam, the upstream face should cover 

several grid points, say five or more, if the shoaling beha-

vior of the waves over the dam is to be represented in the 

numerical results. More points would provide better resolu-

tion, to be weighed against increased computer costs. 

Two sorts of laboratory simulations of the Little Chief 

Ridge slide were performed: 

(a) In the initial laboratory test series, the model 

slide was a simple rectangular assembly of grav-

el bags of constant thickness. The bag-mat was 

4 feet square with a thickness of 4 inches rep-

resenting a slide volume of 5.33 million cubic 

yards. This model slide mass entered the reser-

voir via a steep, smooth ramp (45" incline). By 

varying the initial elevation of the gravel mat, 

slides of varying entry velocity could be pro-

duced. 

(b) The revised test series adopted an entry ramp of 

adjustable slope (450-750) so that higher entry 

velocities could be achieved without raising the 

slide mass. In addition, the slide mass was 

extensively modified as shown in Figure A22. 

The figure shows a large number of small squares 

each representing a 6 inch square gravel bag. 
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The numbers within the squares represent the 

individual bag thicknesses in inches. The total 

simulated slide volume at the 1:300 scale is 5 

million cubic yards. 

We shall refer to these two test series as Series 1 and 2, 

respectively. In addition to the just described differences 

in the model slides, there were significant differences in 

the recording and presentation of data. In fact, the data 

collected in Series 1 appears to have been more extensive 

and more useful than that taken during Series 2. During 

Series 1, wave gages were placed near the dam crest, near 

the toe of the dam, and at points between the slide and the 

dam. Four gage locations for Series 1 to be used in later 

comparisons are indicated on Figure A21. 

During Series 2, only seven gages were used, including six 

near the dam crest and one upstream from the slide. 

Consequently, no data between the slide and the dam is 

available for comparison here. 

In order to simulate Series 1, we reproduced the slide shape 

(a simple block) and ran several cases of the "natural" 

slide option corresponding to different starting elevations. 

For each case, the program output included a velocity time 

history of the slide motion. From this, it was a simple 

matter to determine the slide velocity at the moment the 

mass first entered the water (the reservoir level was taken 

to be 2475 ft in all tests). This permitted the deter- 

mination of amplitude of the leading wave at selected gage 

points versus entry velocity, which  was the format of data 

presentation used in the WCHL report. Note that the program 

LSWAVE shows the horizontal.component of the slide velocity-

-this was adjusted to yield the along-slope value used by 

WCHL. 

The numerical results are summarized in Figures A23 and A24 

54 



STATION 7 

M 

70 

60 
E Measured Data 

0 Computed Data 

STATION 3 

/a 
/ 

0 50 100 150 200 

SLIDE VELOCITY- FT/SEC. 

WSJ 

a Measured Data 

Computed Data 
F-  50 
W 
IJl 

a— as 

tit 30 

W 
a 20 

3 

I.' 
0 50 100 150 200 

SLIDE VELOCITY - FT/SEC. 

FIGURE A23: Measured and computed elevations of 
the first wave at Stations 3 and 7. 

55 



70 

60 

70 

50 
LLI 

L. 

c~ 
W 30 
z 
W 
a 20 
3 

• Measured Data 
✓ 

- 

s Computed Data • / 

STATI O N 9 / - 

/ s  • s 

50 100 150 200 

SLIDE VELOCITY- FT/SEC. 

s Measured Data 

s Computed Data 
W 50 
W 
W 

F- ao 

W 30 

W 
C 20 
r-3 

STATION 10 

0 50 100 150 200 

SLIDE VELOCITY - FT/SEC. 

FIGURE A24: Measured and computed elevations of 
the first wave at Stations 9 and 10. 
Refer to text for discussion of de-
viation at Station 10. 

56 



for the gage locations shown in Figure A21. Except for 

Station 10, it is evident that the general magnitude of the 

computed wave elevations is consistent with the obser- 

vations. The rate of increasing velocity is less in the 

numerical simulation than in the physical model. This is 

undoubtedly caused by a failure to simulate the actual 

displacement time history. However, insufficient data is 

available from the WCHL report to permit the model to be 

used in the "forced landslide" mode as was done in the com- 

parisons with the Bureau of Reclamation tests. In other U 
words, the failure to reproduce the observed slopes in 

Figures A23 and A24 is the result of our simple slide a 

description. In addition to uncertainties regarding the 

slide geometry, it should be rioted that the model slides 

included two distinct and very different regimes. In the 

first, the gravel bags commenced motion on a steep and very 

smooth sheet metal ramp. However, upon entering the water, 

the bags immediately encountered the rough model surface and 

rapidly came to a halt. This dual regime motion is not 

accounted for in the "natural landslide" submodel of LSWAVE 

but could have been easily accounted for using the "forced 

landslide" mode had the necessary lab data been availble. 

The comparison between prediction and measurement at Station 

10, Figure A24, is less good than at the other points. 

However, two factors explain the apparent discrepancy. Note `J 

that Station 10 lies nearest the slide path. In this region 

any small uncertainty in the precise gage location or in the 

exact path angle of the slide can make large differences in 

the peak wave elevation. In other words, rotating the slide a 

clockwise by a few degrees would substantially reduce the 

computed elevation at Station 10 while only slightly in® 
a 

creasing the value at Station 9. Furthermore, it appears 

that the numerical grid point chosen to represent Station 10 

was actually one or two grid points downstream of the actual 

location of Station 10. 
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Despite the greater sophistication of the model slide in 

Series 2, the lack of wave data prevents any but the sim- 

plest comparisons. The shape table adopted in the simu- 

lation was as follows: 

Little Creek Ridge, Series 2 

XSL (Ft) HSL (Ft 

0 0 
65 58.7 
195 102.7 
325 161.3 
455 146.7 
585 102.7 
715 88.0 
845 73.3 
975 73.3 
1105 51.3 
1235 29.3 
1300 0 

This table conforms to the shape shown in Figure A22; recall 

that the slide thicknes, HSL, is the vertical thickness, 

computed here for a ramp slope of 500. In accordance with 

findings of the laboratory model, the friction slope was set 

equal to 0°. That this did indeed produce a slide motion 

consistent with the physical model was confirmed by the com-

puted slide displacement history which agreed well with WCHL 

data. 

The resulting comparison is a single data point. Table 2, 

page 37 of the WCHL report (1970 ) shows peak height versus 

ramp angle and "Surcharge." Surcharge refers to extra bags 

plaed on the slide in an effort to achieve the desired 

displacement history. However, as noted earlier, the ten-

dency of the bags to freeze upon encountering the rough 

model surface, prevented the desired result. 

The comparison between numerical and physical results from 

the WCHL table is: 
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Reservoir elevator = 2475 ft. 
Ramp angle = 500  
Surcharge = 0 
Observed wave at 

Station 3 = 36 ft. 
Computed wave at 

Station 3 = 31 ft. 

This result is entirely satisfactory considering the various 

uncertainties and approximations involved. 

A3.3.3 Additional remarks 

It is noted that the case of waves traversing an earth dam 

is very similar to the problem of waves on a beach. The 

user of LSWAVE may wish to supplement the model results with 

considerations obtained from coastal engineering practice.. 

In particular, LSWAVE might be run first using the actual 

depths over the dam for input to the depth grid as adopted 

in the foregoing comparison. Then a second run might be 

made with an open boundary imposed at the toe of the dam. 
This would eliminate the dam entirely--values computed at 

the fictitious open boundary would correspond to the inci-

dent wave system arriving at the dam. This artifice might 

be especially useful in the event that the dam is very small 

compared with the reservoir in which case adopting a space 

step small enough to resolve the dam would be excessively 

costly. 

once the incident wave train is established in this manner, 

the user should follow the detailed procedures given in 

Section 7. 2, pages 7-15 to 7-59, of the Shore Protection 

Manual (U.S. Army Coastal Engineering Research Center, 

1977). These pages guide the reader in a step-by-step 

fashion through the computation of wave runup and over-

topping for both regular (periodic) and irregular waves. 
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A3.4 Downstream Flood Routing 

When the landslide-generated wave arrives at a dam, it may 

create extensive overtopping. If the dam does not break, a 

large short-period flood may be generated downstream. It 

would be of interest to calculate the discharge over the dam 

based on the landslide wave model, LSWAVE, developed in this 

study, and then feed the resulting outpout into an existing 

flood routing model to estimate the downstream flow. 

A search of existing flood routing models was made for this 

purpose. A kinematic model like the Muskingum routing tech-

nique (see, for example, Weinmann and Laurenson, 1979), is 

simple and economic. However, it has a shortcoming of 

neglecting the inertial effects of the flow which are impor-

tant in the propagation of huge flood waves. In order to 

have a general model which is capable of handling various 

situations, a model using the St. Venant one-dimensional 

equations as the basic equations was sought. These partial 

differential equations, defining non-uniform unsteady, open-

channel flow are given in standard reference works (e.g., 

Gilcrest, 1950; Stoker, 1957; Linsley, et al., 1958; 

Henderson, 1966). Chow (1959) gives a complete discussion of 

the equations for conservation of mass and conservation of 

momentum. The assumptions and restrictions in deriving these 

equations can be found in Strelkoff (1969) and Chiang 

(1977). Different types of momentum equations are presented 

and discussed by Yen (1973) and Jolly and Yevjevic h (1974). 

Various kinds of numerical models, including those using 

explicit, implicit, and characteristic methods, have been 

investigated. In this study, the flood is a short period 

wave due to huge overtopping above a dam after a landslide 

occurs upstream of the dam. The effects on flood routing 

caused by bank storage (Pogge, 1968; Zitta and Wiggert, 

1971) and due to aquifer storage (Chiang, 1977) were not 

considered important here. For the propagation of waves 



following the rupture of a dam, the reader is referred to, 

among others, Su and Barnes (1970), Vasiliev (1971), Sakkas 

and Strelkoff (1973), Balloffet, et al.(1974), Xanthopoulos 

and Koutitas (1976), Rajar (1978), and Chen and Armbruster 

(1980). 

In the early 1970's, the National Weather Service Hydrologic 

Research Laboratory began developing a model called DWOPER 

(Dynamic Wave Operational Model). It uses a weighted four-

point implicit finite difference scheme. The model allows 

for not only irregular intervals, lateral inflows and off-

channel storage, but also backflow effects, variable rough-
ness parameters, wind effects, dendritic river systems, lock 

and dam conditions, and local head losses such as bridge 

contraction-expansions (Fread, 1980). It has an automatic 

calibration feature for determining the optimum roughness 

coefficient efficiently (Fread and Smith, 1978). Similar to 

DWOPER, another numerical model named DAMBRK was also deve-

loped at the National Weather Service Hydrologic Research 

Laboratory (Fread and Harbaug h, 1973, Fread, 1980). This 

model, DAMBRK, is capable of simulating some dam breach 

problems. 

For the purposes of the present study, it was decided to 

adopt the model DAMBRK developed at NWS to simulate the 

flood due to huge overtopping generated by landslides, 

because 

(a) DAMBRK is a general model with a variety of fea- 
tures mentioned in the previous paragraph; 

(b) it is well documented; and 

(c) it is maintained by NWS and is open to the public. 

Both LSWAVE and DAMBRK require large computer storage. Con-

sequently, it is not wise to combine these two models and 

run them at the same time because there is no feedback 

information from DAMBRK to LSWAVE. All input data for DAMBRK 
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are independent of the data in LSWAVE except the upstream 

hydrograph which is the discharge hydrograph over the dam 

produced by LSWAVE. 

Furthermore, most of the time it is not required to run the 

downstream flood routing model when simulating landslide-

generated waves. Therefore, it was decided to separate the 

downstream model from LSWAVE. When LSWAVE is run, the 

discharge hydrograph over the dam is stored into a file. 

This file can then be used to supply the upstream boundary 

condition to DAMBRK. When testing one of these two models, 

it is not necessary to run the other one. 

Version B, which is a short version of version A of DAMBRK, 

is used. In order to utilize this computer program (DAMBRK, 

version B, dated September 10, 1980), it was necessary to 

make the following modifications to the program: 

(a) Create an option of reading hydrograph data from 
either card deck or other data files; 

(b) Increase storage space for the hydrograph data,- 

(c) Provide computer coding to read a hydrograph from 
the data file created by LSWAVE and convert the 
data to a hydrograph suitable to DAMBRK; 

(d) Change some conditional branch statements and some 
formats for writing and plotting data because the 
time scale in the present study is much smaller than 
the originally designed time scale; and 

(e) Correct a few errors. 

Furthermore, a few read statements using special features in 

an IBM computer were modified such that the program can be 

run on a CDC computer as required under the present 

contract. The modifications to the original program are 

summarized in Appendix B.1 of Part B. 
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Overtopping data computed by the numerical model LSWAVE, 

for slide A (run number SLA91), were stored and then fed 

into the modified DAMBRK as the input hydrograph. The tran- 

fer of data from LSWAVE to DAMBRK was successful. The 

modified DAMBRK read the discharge hydrograph from the 

stored file and other data from the card deck, and then con-

tinued the simulation process. The propagation of a huge 

wave due to overtopping was simulated through the 0.7 miles 

reach (Gunnison River) downstream from Morrow Point Dam. 

Based on testing of several combinations of input data, the 

following conclusions were drawn: 

(a) Although DAMBRK has been tested successfully for the 

case of Teton Dam flood on June 5, 1976, and other 
r, 

U 
dam breach problems, it did not perform adequately 

for the extreme flood generated in this study. The 

Teton Dam flood has a peak discharge of 1,652,300 

cfs and a time to peak (i.e., duration of rising 

stage) of 1.25 hrs as computed from DAMBRK (Fread, 

1980). The overtopping computed from LSWAVE, for the 

case of-  slide A, has a peak discharge of 1,694,000  

cfs and a time to peak of about 8 secs. This huge 

wave of short period is extremely difficult to simu- 

late numerically. 

(b) The state of flow in the channel changes from sub-

critical to supercritical, and back to subcritical 

during the flood period. Initially, the flow is 

subcritical on the mild slope channel. When the 

huge wave arrives, the water velocity is so high 

that the Froude number exceeds one and the flow 

becomes supercritical. 
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(c) The model DAMBRK can handle the cases of (i) sub-

critical flow, (ii) supercritical flow through the 

entire channel reach, or (iii) supercritical flow 

for an upstream portion, and subcritical flow for 

the remaining downstream portion. The state of any 

portion cannot be changed during a simulation run. 

If it is originally a subcritical flow, it can not 

be changed to a supercritical flow and vice versa. 

(d) To let it run under the condition of subcritical 

flow, either the Manning coefficient has to be 

unreasonably high, or the discharge has to be low. 

For the high discharge in this study, the Manning 

coefficient has to be as high as 0.5. The results 

are then meaningless because flow behaves like a mud 

flow. For a Manning coefficient of 0.055, DAMBRK 
was repeatedly tested by halving the ordinate of the 

input hydrograph each time. It could successfully 

handle the case of peak discharge of 11666 cfs for 

the topographic condition set up for Gunnison River, 

0.7 miles downstream from Morrow Point Dam. The 

Froude number became too high and the simulation was 

forced to stop when the peak discharge was higher 

than 23290 cfs with a time to peak of about 12 sec. 

(e) To let DAMBRK run under the condition of supercriti-

cal flow in a channel of mild slope, the initial 

discharge has to be high enough to obtain a high 

Froude number. For the Gunnison River tests in this 

study, the simulation succeeded when the minimum 

discharge everywhere was maintained at a high value 

of 60,000 cfs; however, it failed when the initial 

discharge was 50,000 cfs. For the case of such an 

unreasonably high base flow of 60,000 cfs, the waves 

propagated too fast and the peak heights at 

downstream stations were overestimated. 
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In summary, the transition of hydrograph data from the de-
veloped model LSWAVE to a downstream flood routing model 
was performed successfully. The flood routing model DAMERK 
did not respond well for this case of huge waves of short 
wave period on a mild slope channel, because the flow 
changed from a subcritical to a supercritical, state. An 
appropriate numerical model capable of simulating this tran-
sition from subcritical flow to supercritical flow has not 
been found in the. literature. It is suggested that an 
appropriate model could be developed using DAMERK or some 

other existing model as a basis. 

65 



A4.0 CONCLUSIONS AND RECOMMENDATIONS 

A numerical model (LSWAVE) has been developed to simulate 

the generation, propagation, and dissipation of landslide-

generated waves. The model has been tested for the case of 

waves generated by three hypothetical landslides in the 

Morrow Point Reservoir' area. The results compare favorably 

with laboratory measurements. When tested for the case of 

the Lituy Bay rockslide, of July 9, 1958, the computed wave 

heights, based on a coarse computational grid, are satisfac-

tory when compared to the field observations aft.er  the 

event. The model has also been satisfactorily tested for the 

case of a landslide into Mica Reservoir, the results 

generally agreeing with laboratory data for this earth dam. 

The time history of discharge over the dam is stored as an 

output file which is fed to a downstream flood routing 

model. 

An area meriting additional effort is development of a more 

appropriate downstream flood routing model capable of 

handling the extreme overtopping rates which may result from 

a landslide generated wave. Combined with LSWAVE, such a 

model would provide the user with a comprehensive package 

for wave-related dam safety analysis. Also of interest, but 

not addressed here, are the problems of dynamic wave loading 

on the dam structure including the problem of wave impact 

forces. 



APPENDIX Al. LIST OF NOTATIONS 

A = cross-sectional area of landslide 

a = horizontal acceleration of landslide 

as  = acceleration of landslide along the direction of the 
slope 

Ap = projected area of the submerged part of landslide, 
on a plane normal to the direction of slide 

As  = horizontal area of projection of the submerged part 
of landslide 

Av  = projected area of the submerged part of landslide 
on a plane parallel to the local bottom surface 

C = wave celerity 

C' = a constant equal to 2n2g/(1.486)2 

Cc  = Chezy coefficient 

CD = drag coefficient 

Cd = discharge coefficient 

C'd = a dimensionless discharge coefficient 

CDp = pressure drag coefficient 

CDv  = viscous drag coefficient 

CED = energy dissipation coefficient 

D = water depth relative to initial water surface 

Dp = pressure drag (form drag) 

Dv  = viscous drag (surface drag, skin drag) 

F = total horizontal resistance due to water on 
landslide 

Fx  = total resistance along x-direction 

Fy = Total resistance along y-direction 

g = gravitational acceleration 

H = rl+D, total water depth relative to instantaneous 
water surface 

HSL = height (thickness) of landslide as a function of 
XSL 

(HSL)max 
= maximum submerged height (thickness) of landslide 

Ht = total head above a dam 

i = index of landslide segments 
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K = added mass coefficient 

n = Manning's friction coefficient 

q = discharge over a unit width of a dam 

R = hydraulic radius 

Sbx  = x-component of bottom stress 

t = time 

TSL = time scale of landslide motion 

U = depth averaged water velocity along x-direction 

U = U averaged over four neighboring grid points 

V = depth averaged water velocity along y-direction 

V = V averaged over four neighboring grid points 

Vh = horizontal velocity of landslide 

Vi = normal water velocity at a half grid spacing inside 
a boundary 

Vo  = normal water velocity at a half grid spacing outside 
a boundary 

Vo = Vo  under a partial reflection condition 

V® = Vo  under a total reflection condition 

Vo = Vo  under a total transmission condition 

Vr  = velocity of landslide relative to far field water 
motion 

Vs  = volume of landslide 

Vs  = submerged volume of landslide 

VSL = horizontal velocity of landslide as a function of 
TSL 

W = width of landslide 

x = horizontal coordinate 

XSL = horizontal distance along landslide, measured from 
leading edge 

y = horizontal coordinate 

a = inclination, angle between the instantaneous slide 
direction and the horizontal plane 

y = a delta function, equals 1 only if its associated 
term is applied to the first element of landslide 

6 = a delta function, equals 0 when landslide is at 
point of interest, otherwise, 1 

n = surface elevation relative to initial water surface 

M 



~ = friction angle 

8 = forward direction of landslide motion, measured 
counter-clockwise from x-axis 

p = unit mass of water 

Is = unit mass of slide material 
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PART B 

USER'S GUIDE 

B1.0 INTRODUCTION 

This section of the report presents a detailed discussion of 

the design and use of program LSWAVE. The core of this 

numerical model is a hydrodynamic submodel which simulates 

the propagation of waves generated by other sub-routines. 

There are three wave generating submodels built into LSWAVE. 

The first submodel is the basic one. Its function is to 

generate the wave caused by a "forced" landslide, so called 

because the motion of the landslide is forced to follow a 

predetermined time-history. The magnitude of the generated 

wave is primarily a function of the rate of volume 

intrusion. The second submodel, the "natural" landslide sub-

model, computes the motion of a slide based on the initial 

position, size, and shape of the slide mass, topography, and 

other physical parameters. The user does not have direct 

control on the intrusion rate of the slide. The third sub-

model is a minor one. It produces a wave associated with a 

simple bottom up-lift which can occur near a fault line. 

There is room for the user to include other wave-generating 

submodels according to his needs. 

The remainder of this section is arranged as follows. 

Chapter B2 presents the general concepts of the numerical 

model. The ways to describe various boundaries are 

emphasized. Chapters B3, B4, and B5 describe the input 

parameters required by the three wave-generating submodels. 

A code, LSKEY, allows one to choose the "forced" landslide, 
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the "natural" landslide, or a fault induced bottom motion as 
the forcing mechanism. 

Chapter B6 presents a detailed description of the input 

parameters for the model. An index of the parameters is 
attached at the end -of that chapter. Chapter B7 briefly 

describes various output data from the model. Chapter Bg 

contains a listing of the whole computer code. A set of 
sample input data and the partial output based on this 
sample input are presented in Chapter B9. 

0 
III 
I I 
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j 
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B2.0 HYDRODYNAMIC MODEL 

B2.1 General Description 

The numerical model uses a finite difference method to com-

pute the spatial and temporal variations of water surface 

elevation. The first task before running the model is to 

establish the computational grid for the area of interest. 

To simulate the waves generated by a "natural" landslide, 

not a "forced" landslide, the landslide area must be 

included in the computational mesh. Figure B1 depicts an 

example layout of the numerical model for a reservoir. 

A right-hand Cartesian coordinate is chosen such that x 

increases from top to bottom, and y increases from left to 

right, as indicated in Figure B1. This is the convention 

used in computer printouts. Any point with indices (i,j) is 

at a distance (i x (DX), j x (DY)) away from the origin. The 

symbols (DX) and (DY) denote uniform grid spacings along the 

x- and y-directions, respectively. The index i ranges from 

1 to M, and j from 1 to N. The total number of grid points 

is (M x N) which is limited to 2,000 in the present version 

of the model. Most grid points outside the reservoir bound-

ary are not referenced during the computation. Grid points 

defined with positive depth values (to be discussed later) 

and their neighboring points are called computational 

points. The total number of computational points is limited 

to 1350. For the example reservoir shown in Figure B2, the 

values of M and N are 15 and 64 respectively, and there are 

about four hundred computational points. 

A space-staggered scheme is adopted to increase the effi-

ciency of programming. Surface elevation and two components 

of velocities are described at different grid points as 
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FIGURE B2: Finite-difference representation of a reservoir, with the elevation points 
falling on intersections of the grid system. 



indicated in Figure B3. Depth and friction coefficient are 

defined at the elevation points. All variables in the small 

square surrounded by the dotted lines in Figure B3 are 

assigned the same indices (i,j). Symbols U(i,j) and V(i,j), 

as used in the computer program, are actually defined at 

((i+1/2)(DX),j(DY)) and ((i(DV),(j+1/2)(DY)), respectively. The 

value of a symbol at a point is the averaged value for the 

grid centered at that point. 

Keeping Figure A3 in mind, the user may construct the grid 

mesh either with elevation points falling at the center of 

the squares, or with the elevation points falling on the 

intersections. Figures Al and A2 are plotted with the eleva-

tion points at intersections which seem to make it somewhat 

easier to visualize the boundary as defined in this model.  

B2.2 GRID SPACINGS AND TIME STEP 

0 
The grid spacings mentioned here are those for the hydro- 

dynamic submodel. The sub-spacings in the landslide area 
a will be discussed in Chapter B3. In the hydrodynamic model, 

different grid spacings, DX and DY, are allowed for the two a 

directions. It is recommended to set DY the same as, or 

close to, DX in order to minimize computational error. A 

smaller grid spacing will naturally improve the description 

of wave generation and propagation. However, one should note 

that the computational cost is inversely related to the cube 
a 

of the step size in this explicit scheme. One must therefore 

balance resolution against economy. 
a 

If the wave length can be estimated, the grid spacings can n 

be adjusted to adequately resolve the wave. A minimum of 5 I ~ 

space steps per wave length is required to obtain reasonable 

accuracy. If possible, it is recommended to have a minimum 
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LEGEND: 

+: Point of definition of surface elevation (E) , 
depth (D) , and friction coefficient (C) ; also 
called "elevation point" in this study 

1: Point of definition of x-  direction velocity (U) 

Point of definition of y-direction velocity (V) 

FIGURE B3: Definition sketch of space-staggered scheme. 
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of 10 space steps per wave length. The wave length can be 

estimated by performing preliminary calculations to deter-

mine the wave period (say, twice the interval from the major 

peak to the following major trough). The have celerity can 

be estimated as (gD)lh where D is the -  average reservoir 

depth. The wave length is given approximately by the product 

of the celerity and the period. Of course, the wave system 

is not monochromatic and this guidance must be recognized as 

very approximate. 

The grid spacing should also be small enough that any 

necessary topographic details would not be lost in the 

finite difference representation. Three finite difference 

representations of a reservoir are compared in Figure El'. 

The grid spacings are, from top to bottom, 500 feet, 250 

feet, and 125 feet, respectively. The coarsest of these 

would be useful for initial testing, perhaps, but it prob-

ably would not be fine enough to describe the motion of a 

landslide. The intermediate example is probably an econom-

ical layout and might generate reasonably good solutions. 

To dispel doubt, one should test with a finer mesh and com-

pare the results. A mesh is fine enough if the results from 

this mesh have relatively small errors compared to the 

results from a mesh of half the step size. Notice that the 

results are directly comparable only when the input para-

meter CED (to be discussed later) is set to either 0 or 1 

because the effects of CED depend to some degree on the grid 

spacing for values between 0 and 1. 

The grid spacing should be smaller than the dimension of the 

landslide. In other words, a landslide should cover several 

grid points at any instant. It is suggested that a landslide 

be wider than three or four grid spacings. 
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If the discharge over a dam is of interest, the grid spacing 

should be adjusted so that the crest length of the dam is an 

integral multiple of the step size. 

Because this model adopts an explicit finite difference 

scheme, the computational time step, DT, is limited by the 

Courant stability criterion 

((DT)(((DX)2+(DY)2)(G)(Dmax)) ) .LE.((DX)(DY)) (B1) 

where G is the gravitational acceleration, and Dmax denotes 

the maximum water depth in the computational region. When 

the wave height is large relative to the water depth, the 

left hand side of the inequality above should be multiplied 

by 

1 + Emax/(Dmax+Emax) 

where Emax is the maximum possible wave height, and for 

safety assumed that Emax will occur at the same point as 

Dma x . 

Better accuracy will be obtained if the computational time 

step, DT, is fine enough to describe the landslide motion 

smoothly. It is recommended to have DT smaller than one 

twentieth of a typical wave period, if the period can be 

estimated. A smaller DT gives a larger safety factor against 

numerical instability. The computational cost is approxima-

tely inversely proportional to DT. 
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B2.3 Input Data for Water Depth 

Either bottom elevations or water depths are defined at ele-

vation points (points marked by "+" in Figure B3) through 

input data. A bottom elevation is defined positive upward 

from a datum. A depth is defined positive downward from the 

initial still water surface. A variable, ZO, which denotes 

the initial elevation of the water surface, controls whether 

the input data are elevations or depths. If the value of 

this variable is zero, the input data, D(K), are treated as 

water depths. If ZO is not zero, the input elevations, D(K), 

will be converted to depths by: 

Depth(K) = 0 if D(K) = 0 (B2) 

and Depth(K) = ZO-D(K) if D(K) .NE. 0 (B3) 

A conversion factor, DCONV, can be input to convert the 

input depths from any convenient unit system to the unit 

system used in the model. After the conversion, all 

variables should use FPS, CGS, or MKS units consistently. 

The only exception is Manning's n, which should always be 

input in the FPS system. 

The depth values should be defined at every elevation point 

which is covered by water. The value at a point represents 

the average depth over the whole grid which is centered at 

that point. In the case of a "natural landslide, which will 

be discussed later, the depth should also be defined at 

all points traversed by the landslide even if outside 

(above) the reservoir. It is optional whether to define the 

depth or leave it zero for those points which are not 

involved in the computation. The depth for a point outside 

the water body has a negative value. The water motion is 
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limited to the region where the depths are positive. The 

depths at those elevation points immediately outside any 

kind of boundary (model boundary, as shown in Figure B3, not 

real boundary) should be zero or negative, otherwise that 

boundary element will be invisible to the model. In other 

words, the model "sees" a boundary when the depth changes 

from positive to either zero or negative across grid points. 

The land elevation at the landslide area is defined as the 

elevation of the slip surface of the slide. In other words, 

the slide is treated as a moving mass riding atop the speci-

fied land elevation. 

In order to increase computational efficiency, the depth 

value along all grid boundaries, i 1, i = M, j = 1, and 

j = N, should be either zero or negative. If a com- 

putational point, where the depth is positive, falls on one 

of those two extreme rows or two extreme columns, the com-

putation will stop with an error message and the user should 

either change that depth value, or increase the number of 

rows or columns. The total numbers of rows and columns are 

M and N, respectively. In Figure B3, M and N are 15 and 64 

respectively. Depths are defined on and inside boundaries. 

Islands are allowed to exist inside the computational 

domain. 

B2.4 Boundaries 

There are three kinds of computational boundaries: dam, open 

boundary, and partial-reflection boundary. 



B2.4.1 Dam 

A dam is located across velocity points as illustrated in 

Figure B4. Figure B4(a) shows a simple dam with a width a 

covering three grid points. If this is the only dam in the 

model, the input parameters MWEIR, number of dam segments 

normal to the x-axis, is zero; NWEIR, the number of dam 

segments normal to the y-axis, is 1; JWEIR(1), the column 

number of the first dam segment, is j; IIWEIR(1), the 

starting row number of the first dam segment, is i; and 

I2WEIR(l), the ending row number of the first dam segment, 

is i+2. The dam is recognized by the model as having a width 

of 2(DX), from (i,j-1/2) to (i+2,j-12). Notice that JWEIR(K), 
as well as IWEIR(K) , which is the row number of the Kth dam 

segment normal .to the x-axis, is defined as the column 

number (or row number) for the neighboring elevation point 

which is located inside the water region. Suppose column j 

is in a dry area, and column j -1 is the water region, then 

JWEIR(1) should be j-1 instead of j. 

Figure B4(b) illustrates two dams. The one on the left hand 

side could occur when a convex dam is associated with rela-

tively small grid spacings. It contains two segments which 

are normal to the x-axis, and three segments normal to the 

y-axis. The dam on the right hand side is the model repre-

sentation of a straight dam located diagonally across the 

grid mesh. The input data to describe these two dams are 

illustrated in Table B1. The freeboards HWEIRI(K) and 

HWEIRJ(k) are defined relative to the initial water surface. U 

The complicated dam systems in Figure B4(b) yield more error 

than the simple dam in Figure B4(a). It is better to adjust 

the orientation 

tation of a dam. 

of the grid mesh to 

Both MWEIR and NWEIR 

simplify the represen-

are limited to 9. 
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(a) Simple Dam 

(b) Multiple Dams 

FIGURE B4: Definition sketch for the location of dams. 
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TABLE B1 

EXAMPLE INPUT DATA TO DESCRIBE DAMS IN FIGURE B4(b) 

Dams normal to x-axis Dams norms to y-axis 
K IWEIR(K) JIWEIR(K) J2WEIR(K) HWEIRI(IK JWEIR(K) I WEIR(K) I2WEIR(K) HWEIRJ(K) 

1 i+l j j hl j i i+l hl 

2 i+5 j j hl j+l 1+2 1+4 hl 

w 3 1+1 j+2 j+2 h2 j 1+5 1+6 hl 

4 1+2 j+3 j+3 h2 j+1 i i h2 

5 1+3 j+4 j+4 h2 j+2 i+l i+l h2 

6 i+4 j+5 j+5 h2 j+3 1+2 1+2 h2 

7 1+5 j+6 j+6 h2 j+4 1+3 1+3 h2 

9 j+5 1+4 1+4 h2 

Note: MWEIR = 7; NWEIR = 8; 
h is the freeboard of the dam on the left hand side of Figure B4(b) 
h2 is the freeboard of the dam on the right hand side of Figure B4(b). 



B2.4.2 Open boundary 

An open boundary is an artificial boundary inside a water 

region. The open boundary in this model is a transmissive 

boundary where waves propagate outward freely. It can be 

used to truncate a computational domain when the water out-

side this domain has negligible effects on the computational 

results of interest. 

An open, boundary is defined along a the line connecting el-

evation points, whereas a dam is defined along a line con-

necting velocity points (see Figure B5). Input variables MOB 

and NOB are the number of open boundary segments normal to 

the x- and y-axes, respectively. These variables are each 

limited to 4. 

Since the outgoing wave condition used for the treatment of 

an open boundary in this study is based on a simple wave 

equation which does not consider the variation of bottom 

elevation, the bottom elevation at a point on the open 

boundary is better artificially set to be the same as that 

of the neighboring inside point, However, this is not 

usually critical. 

B2.4.3 Partially reflective boundary 

The water-land boundary is a partially reflective boundary. 

In this model, the user is not required to define the loca-

tion of this sort of boundary, since any boundary other than 

a dam or open boundary is automatically treated as a par-

tially reflective boundary allowing the wave to be partially 

transmitted. A coefficient, called the energy dissipation 

coefficient and denoted CED in this report, controls the 

degree of transmission. The coefficient varies from 0 to 1, 
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1 + - + - + - + - + + 

2 + - + - + - - + 

3 + i t 4  - + 

4 + - + + - + + - 4- 

6 + - MOB = 1 
NOB = D 

1 I ! IOB(1) = a 

J10B(1) = 3 
7 + - + - - + - J20B(1) = 5 

{ I { MWEIR = 
NWEIR = o 

8 + e + IWEIR(1) = 2 
JIWEIR (l) = 4 

{ ( { { { J2WEIR (1) = 6 

9 + - + - + - + - + 

Finite-height solid boundary (dam) 

. - • • - . - - - • - • Transmitive boundary 
Partial reflective boundary 

FIGURE B5: Definition sketch of various kinds of boundaries. 
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with 0 corresponding to the condition of total reflection, 

and 1 corresponding to the condition of total transmission. 

One constant value applies to the entire time-space domain. 

The coefficient is indirectly proportional to the commonly 

used "transmission coefficient. The relationship between 

these two coefficients depends on the characteristics of the 

wave under study and on some parameters of the numerical 

model. An appropriate value of the coefficient can be 

calibrated against theoretical, laberatores, or field data. 

For example, Figure B6 illustrates the relationship between 

this "energy dissipation coefficient" and "wave transmission 

coefficient" for a particular case in which a sinusoidal 

standing wave oscillates in a one-dimensional basin of a 

constant depth of 50 meters, and a length of one half of the 

wave length of 1680 meters. The basin is closed by partial 

reflective boundaries at both ends. The grid spacing is 70 

meters, and the computational time step is 3 seconds. 

Amplitude decay for four values of CED was shown in Part A 

of this report .Figure A3). - 

The comparisons between laboratory and numerical results for 

the Morrow Point tests shown in Part A of this report, 

adopted a value of CED = 0.7 for slide A and a value of 0.6 

for slides B and C, which appeared to give good overall 

agreement. Of course, individual tests might be better 

approximated using some other value. For example, consider 

the case of Morrow Point simulation SA121 (Pugh & Harris, 

1982). The measured peak height at the dam was about 53 feet 

whereas the numerical simulation using CED = 0.7 gave about 

39 feet. 
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Figure B7 shows how this computed peak height for SA121 

varies with CED. It can be seen that in order to reproduce 

the measurement exactly, it is necessary to take CED 0.43. 

Note that SA121 was a slow speed slide by comparison with 

SLA91. It is probable that the higher entry velocities 

associated with SLA91 caused greater energy dissipation on 

the slide and especially on the opposite bank subject to the 

direct "splash" than did the more moderate SA121. This 

interpretation is consistent with the finding that SLA91 is 

better modeled with a higher coefficient of energy dissipa- 

tion. 
n 

To be conservative, of course, the user may wish to adopt n 

CED = 0 and thereby assume complete reflection. This should 
give the greatest wave heights for planning purposes. How- fA  

ever, as indicated by Figure B7, use of a value on the order ~JY 

of 0.5 should produce more realistic results. Exceeding CED 

0.8 is not recommended unless the user has reason to 

expect unusually high rates of energy dissipation. 

B2.4.4 Totallv reflective boundary 0 

a When the energy dissipation coefficient is set to zero, the 

partially reflective boundary becomes a totally reflective 

boundary. If it is required to have a non-zero coefficient 

for most of the water-land boundary, and one needs totally 

reflective boundaries at some segments of the water-land 

boundary, he may set fictitious dams with extremely high 

freeboard at those segments, to represent perfect reflective 

walls. A dam in this model is nothing but a finite-height 

solid-wall. 0 
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Figure B5 illustrates the input data to specify the bound= 

aries of a M x N= 9 x 7 basin. There is a dam along i= 2 

and an open boundary along i = S. The depth should be spe- 

cified at all interior points and boundary points. The 

depth should be zero along i = 1, i = 9, j = 1, and j = 7, 

in this example. 

B2.5 Discharge Coefficient 

The discharge over a dam is computed through the weir 

formula: 

q = Ca Ht (2gHt) 
_ 

= C  Ht 3/2. 
(B4) 

where Cd = Ca (2g) (BS) 

is the discharge coefficient used in this model, q is the 

discharge over a unit width, Cd is a dimensionless 

discharge coefficient, Ht  is the total head above the dam 

measured at a distance (more than 2.5 Ht) upstream from the 

dam, and g is the gravitational acceleration. 

The discharge coefficient for overtopping due to landslide-

generated waves is difficult to determine. It depends on 

the characteristics of the dam, the water depth, the par-

ticle velocity, and the characteristics of the wave on top 

of the dam. There is no calibrated data base for overtopping 

caused by huge waves. The calibrated data of formulas 

discussed in the literature (e.g. Rehbock, 1929; Kandaswamy 
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L 
and Rouse, 1957; see also U.S. Department of the Interior, 

1948, for bibliographies) are all based on studies of steady 

flows. Therefore, this coefficient should be calibrated 

through the numerical model using it, if field data or 

laboratory data are available. 

Constants, formulas, tables, or figures such as Figure B8 

may be obtained from standard hydraulic textbooks such as 

Chow (1959, 1964), Henderson (1966), Brater and King (1976), 

and Merritt (1976). The application of this information to a 

real case with a huge wave may result in an error since this 

data is based on idealized cases. 

Horton (1907) and Bradley (1952) both present the discharge 

coefficient for some actual dams. Some values of Cd are O 
higher than 4.0, in English units, even under the normal 

conditions (see Horton, 1907, p. 132; Kirkpatrick, 1957, pp. 

194-208; Chow, 1959, p. 366). 
a 

If the user specifies a negative value for Cd, the model 

will automatically adopt a default value of 3.33 

corresponding to Francis' weir formula. This value is not a 

necessarily a good approximation. 

B2.6 Other Parameters U 

Manning's n should be in the English system regardless of U 
the system adopted to specify other' parameters. In this 

model, the value is constant over the time-space domain. Q 
The appropriate value can be estimated from standard text- 

books or handbooks such as Chow (1959, 1964), Henderson 

(1966), Brater and King (1976), and Merritt (1976). For deep 

reservoirs, values between 0.02 and 0.04 should be repre- 

sentative. 

0 
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LSWAVE solves the full, nonlinear long wave equations. 

However, there are controlling parameters IC and ICC to 

change the characteristics of the mathematical model. 

Setting IC to zero will turn off the nonlinear convective 

terms in the momentum equations. Setting ICC to zero will 

make the continuity equation linear. Normally, one should 

set both of them at 1 to simulate the propagation of non-

linear waves. These two parameters can be of help in the-

oretical studies. Sometimes, if the nonlinearity causes 

abnormal numerical results due to poor choice of some 

model parameters, one might like to try to set either or jl 

both of these two parameters to zero in order to improve the 
I_J 

computational quality. (l 

The simulation starts at TZER®, which is usually zero, and 

ends at TMAX. 

0 

a 

u 

J 

u 
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B3.0 "FORCED" LANDSLIDE 

There are two ways of inputing landslide parameters in this 

numerical model: setting the key LSKEY = 2 for a "forced" 

landlside, and LSKEY = 3 for a "natural" landslide. For a 

"forced" landslide, the speed of the slide is specified 

through input data. For a "natural" landlside, the speed is 

computed based on initial height, slope, friction factor, 

and other parameters. The "forced"- landslide is probably a 

better choice to test a landslide generated wave if the 

slide speed can be evaluated in advance. The user has more 

control on the propagation of the slide and its shape by 

using a "forced" landslide. 

For both the "forced" and "natural" landslides, the land-

slide is defined by a starting point, the forward direction, 

the width, and the distribution of slide height (thickness) 

along the total length of the slide. The slide will move 

forward with the angle THETA in degrees measured coun-

terclockwise from the x-axis (Figure B9). The direction will 

not be changed during the motion. The bathymetry and fluid 

pressure do not affect the course of the landslide. 

The starting position is defined by the coordinate indices 

(XO,YO) at the right leading corner of the slide, where 

"right" is determined as if facing in the direction of the 

forward motion (Figure B9). Notice that the location of the 

right leading corner of the slide is designated in terms of 

grid units and not a distance unit like feet or meters. For 

a "forced" landslide, this location is allowed to be outside 

the M x N network, although it is usually near the waterland 

boundary. For a "natural" landslide, since the slide is con-

tained inside the network, XO is a number between 1 and M, 

and YO between 1 and N. 
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FIGURE B9: Definition sketch of landslide input data. 
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The landslide has a constant width, WSL. A "forced" land-

slide may be separated into NSL lengthwise slices each of 

width WSL/NSL. Each slice moves independently, i.e., they 

in the same direction but with their own speed histor-

ies specified in the input data. The number of slices, NSL,_ 

is limited to 10. 

Figure B9 depicts the plan view of an example "forced" land-

slide which intrudes into a reservoir. The computaional grid 

- - has a dimension of M x N. For this "forced" landslide M is 

9. For a "natural" landslide, M should be large enough that 

the grid covers the landslide. The width of the landslide is 

WSL, which should be measured in physical length units. The 

number of slices, NSL, is 3 for the example "forced" land-

slide. A "natural" landslide can only have one slice. The 

forward direction of the slide, THETA, is approximately 124 

degrees. The starting point, (XO,YO), is approximately (9.5, 

10.1), measured in grid units. There are eight slide heights 

defined along the centerline of each slice, so NXH is S. The 

distance from the starting point, (XO,YO), to each succes-

sive height is (XSL(I), I=1,NXH). This distance is positive 

from the leading edge to the trailing edge of the landslide 

and XSL(1) is always zero. Each slice moves independently 

along the dashed line until either its velocity is no longer 

positive, or part of the slide goes beyond the grid bound-

ary. 

The distribution of slide height (thickness) is supplied by 

a distance-height table. One picks up NXH nodal points 

along the slide, starting from the leading edge. This 

number, NXH, should be between 2 and 20, inclusive. The 

array (XSL(I), I=1,NXH) contains the horizontal distances 

of all nodal points, measured in a distance unit like feet 

or meters, from the leading edge. The interval between nodal 
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points is not necessarily constant but has the same spacing 

for each slice. The matrix ((HSL(I,J), I=1,NXH), J=1,NSL) 
LJ 

contains the height for every point along every slice. For 
LJ 

a "natural" landslide, this matrix is reduced to 

(HSL(I),I=1,NXH). The height is measured vertically, repre-

senting-the difference between the top elevation and bottom 

elevation of the slide. The example shown in Figure B10 has 

8 nodal points (NXH=8). The distance XSL(1) is always zero. 

The heights HSL(1) and HSL(NXH) are both zero in this 

example, but they may be of finite heights in certain cir-

cumstances. Heights between nodal points will be calculated 

by simple interpolation. An overhanging shape should be 

avoided. n 
II 

For a "forced" landslide, one has to set another table to rl  

describe the time history of velocity for each slice. The ICI) 

array (TSL(I), I=1,NTV), specifies the times when the veloc- 

ity is given. The variable NTV is the number of velocities O 
specified. The time interval is not necessarily a constant. 

The matrix ((VSL(I,J), I=1,NTV), J=1,NSL) contains the hori- 

zontal velocity at every time for every slice. The motion 

of a "forced" landslide will follow this time-velocity n 

table. It is better to choose a value of NTV such that ~J 

VSL(NTV) is zero. All external forces are assumed to have 

been considered when this table was set up, and therefore 

they will not affect the pre-determined velocity during the 

simultation. The landslide stops when the time reaches 

TSL(NTV), or when the leading edge of the slide goes beyond 

the grid network. 

When the shape of the landslide changes gradually, the grid 

spacings used in the hydrodynamic computations may be fine 

enough for this model to evaluate the change of intruding 

volume for every grid. However, when there is a sudden 
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change of landslide height, HSL, within a distance of about 

one grid spacing, it is then better to have a finer mesh to 

estimate the intrusion rate. Since it is not necessary to 

have such a small grid spacing for the entire computational 

area, LSWAVE allows the user to input MSUB and NSUB to 

establish a sub-grid system in the wave generating area. 

MSUB or NSUB are the numbers of subdivisions within one grid 

step, DX or DY, respectively. 

For a gradually varied landslide, to minimize the computa-

tional cost, MSUB and NSUB may both be set to one. For a 

slide with a high vertical front face, the results could be 

affected by the size of sub-grids. One should set MSUB and 

NSUB to a number such that the slide moves more than one 

sub-grid during one computational time step, DT, i.e., 

MSUB > DX (BS) CCDT 

where C is the wave celerity. A sensitivity test was per- 

formed for the case of a landslide with a vertical front 

surface. The grid spacing was 250 feet, and the water depth 

varied from 0 to 275 feet linearly in the landslide area. 

The top curve of Figure Bll depicts the total overtopping, 

for the first sixty seconds of simulation, as a function of J 
MSUB and NSUB. The curve on the bottom shows the peak 

discharge over the dam. The middle curve indicates the peak a 

wave height at the upstream side of the middle section of 

the dam. For this particular case, MSUB and NSUB should be 

at least 20. A value of 50 may be used to improve the accu- 

racy of computations. For this value and a grid spacing of 

250 feet, the spacing of the sub-grid is 5 feet. The volume 

associated with one sub-step, across the grid of 275 feet in 

depth and 250 feet in width, is 275x5x250 cubic feet. When 
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FIGURE Bll: Effects of the number of sub-divisions on the peak discharge over the 
dam, total overtopping, and peak wave height at the center of the dam, 
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this volume is averaged over the entire grid, the fluctu-

ation of the local surface-elevation is about 275x5/250 feet 

or D/MSUB where D is the local water depth, and MSUB is 

assumed to be the same as NSUB. Therefore, MSUB should be 

large enough that D/MSUB is relatively small compared to the 

maximum wave height of interest. MSUB and NSUB may be 

smaller for shallower water depth or larger waves. Notice 

that this error is not cumulative and it spreads out in the 

time-space domain. Notice also that this error is smaller 

for a slide with an inclined front surface, as illustrated 

in the next paragraph. 

For a wedge-shaped landslide moving along the x-direction, 

the fluctuation of the displaced volume is O.5(DY)(DDX)2tanA 

if the tip portion of the slide of a length of (DDX) is 

totally submerged in water (Figure B12(a)), where (DDX)= 

(DX)/(MSUB) is the spacing of the sub-grid, A is the angle 

of the wedge, and (DX) and (DY) are grid spacings along the 0 
x- and y-directions, respectively. If the part in the first 

(DDX) distance is partially submerged (Figure B12(b)), the 
a 

fluctuation of the submerged volume is (DY)(D)(DDX)-O.5(DY) 

(D)2cotA which reduces to 25Ox275x5 cubic feet when the grid 

spacing is 250 feet, local water depth is 275 feet, sub- 

spacing is 5 feet, and the angle A is 90 degrees as men- 

tioned before. In conclusion, when the wedge angle is small- 

er, the fluctuation is smaller and MSUB may be reduced. 

The momentum equation used in this model has a friction 

term. Outside the sliding area, this resistance corresponds 

to the bottom friction. At a location where the landslide 

is intruding, the resistance includes the pressure resist-

ance (pressure drag, form drag), and viscous resistance 

(viscous drag, shear drag, skin drag, skin-friction drag, 

surface drag): 
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Pressure drag = 1/2(CDP)P (Vel)2(Area)p (B7) 

Viscous drag = 1/2(CDV)P (Vel)2(Area)v (BB) 

where CDP and CDV are pressure drag coefficient and viscous 

drag coefficient respectively, p is the unit mass of the 

fluid, (Vel) is the slide velocity relative to the fluid 

velocity, (Area)p is a surface area associated with viscous 

drag. The pressure drag is developed by the flow around an 

area (Area), oriented normal to the flow; the viscous drag 

is developed by the flow around an area (Area)v, parallel to 

the flow. 

I 
In this study, the far field velocity is taken to be neg- 

ligible, and therefore (Vel) is approximated by the slide 
a velocity. Also, (Area), and (Area)v  are specifically defined 

as the projected area on a plane normal to the slide direct- 0 
ion, and the projected area on ,a plane parallel to the local 

slope, respectively. 

Two coefficients, (CDP) and (CDV) are input data. They 

depend on the shape and attitude of the slide, the viscous 

effects relative to the inertial forces, and the boundary 

roughness. The pressure drag coefficient, CDP, can be found 

from many fluid dynamics textbooks (e.g., Schlichting, 1960, 

Rosenhead, 1963; Hoerner, 1965; Daily and Harleman, 1966; 

Batchelor, 1967; Granville, 1979). Figure B13 and Table B2 

show drag coefficients which include both the pressure drag 

and viscous drag. These values are approximately the same as 

the pressure drag coefficient, since the viscous drag coef-

ficient is relatively small. Most of the values of viscous 

drag coefficients in the literature are based on smooth sur-

face objects; Figure B14 depicts the coefficient for sand-

roughened plates. 

u 
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TABLE B2: Drag coefficients (CD is a com-
bination of CDP and CDV, with the 
area defined as the area normal 
to the flow). (After Daily and 
Harleman, 1966). 

FIGURE B13: The measured drag (D consists 
of pressure drag and viscous 
drag) on unit axial length of 
a circular cylinder (A=2a), 
on a sphere (A=fra2) , and on 
a circular disk normal to the 
stream (A=na2), all of radius 
a. The broken curves repre-
sent results obtained in 
different wind tunnels. 
(After Daily and Harleman, 
1966). 

Object c/d L/d R - Vod/v Cp 

Circular cylinder, 1 10s 0.63 
normal to flow 5 106  0.74 

20 106  0.90 
00 106  1.20 
5 >5X  106  0.35 

00 >5 X 106  0.33 

Elliptic cylinder, 2 as 4 X 104  0.60 
normal to flow 2 00 106  0.46 

4 00 2.5 X 104  up to 106  0.32 
8 00 2.5 X 104  0.29 
8 00 2 X 106  0.20 

Square cylinder, ❑ ao 3.5 X 104  2.0 
normal to flow .0 00 104  up to •105  1.6 

Circular disk, 0 > 103  1.12 
normal to flow 

Circular cylinder, 0 > 10$ 1.12 
parallel to flow 1 0.91 

4 0.87 
7 0.99 

Rectatlgular flat plate, 1 > 103  1.10 
normal to flow. 5 1.20 

20 1.50 
00 2.00 

L - length 
d = maximum width of object measured normal to flow direction (equals 

minor axis of ellipsoid) 

c — length of major axis of ellipsoid 
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All calibrated values shown in the literature are steady 

state results. They are not necessarily good approximations 

for an unsteady flow. LSWAVE assumes a quasi-steady state at 

any time step, and applies the steady-state coefficient to 

obtain the drag, depending on the cross-sectional area and 

slide velocity. 

Default values are provided for these coefficients. If the 

input value of either CDP or CDV is a negative number, the 

model will adopt the defalut value of 0.8 for CDP, or 0.008 

for CDV, which are not necessarily good estimates of the 

coefficients under all circumstances. 
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B4.0 "NATURAL" LANDSLIDE 

If the key LSKEY is set to 3, this model prepares the time 

history of the landslide velocity based on the size, shape, 

orientation, and starting point of the landslide, the 

topography, and other parameters such as friction angle, 

drag coefficient, and added-mass coefficient. 

The input parameters are essentially the same as those for a 

"forced" landslide. The differences are: 

(a) The user does not input the time history of the 
landslide velocity, i.e., TSL(I) and VSL(I,J); 

(b) There is no input for NSL because LSWAVE does not 
allow multiple slices for the "natural" landslide; 

(c) Since there are no multiple slices, the distribution 
of the slide height is described by a one-
dimensional array HSL(I), instead of HSL(I,J); 

(d) It requires additional input parameters, SGLS, PHI, 
and AK, which are discussed in the following 
paragraphs. 

The symbol SGLS denotes the specific gravity of the whole 

slide (not that of the soil particle) before the landslide 

occurs. It can be obtained from 

(SGLS) = (Wslide) / (Wwater) (B9) 

where W can be the unit mass, the unit weight (density) , or 

the weight of any specific volume (see for example, Wu, 

1966). If the input for this variable is a negative value, 

it is defaulted to 1.7 which is equivalent to a dry density 

of 106 pcf. The specific gravity of the slide composed of 

dry soil is about 1.7 or 1.8; while that of rock is much 

higher as can be seen from Table B3. 

The symbol PHI denotes the angle of friction (angle of 

shearing resistance), in degrees, between the slide and the 
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TABLE B3 

SPECIFIC GRAVITY AND UNIT 
WEIGHT OF VARIOUS ROCKS 

(After Krynine and Judd, 1957) 

Rock No. of 
specimens 

Apparent 
sp. gr. 

Porosity, 
% 

Sorption, 
%® 

Dry unit 
wt, pef 

Igneous: 
Andesite .................. 4 2.22 10.77 4.£6 174.3 

2.70 0.72 0.28 168.5 
2.79 0.10 0.05 138.8 

Aplite .................... 1 2.501 4.11 1.67 156.1 
Basalt ................... 4 2.77 22.06 9.97 172.9 

2.75 1.10 0.13 171.6 
2.21 0.22 0.66 138.2 

Dacite .................... 1 8.46 3.50 1.44 153.6 
Diabase .................. 2 2.05 0.17 0.06 194.4 

1 2.82 1.00 0.38 176.0 
Gabbro ........ :.......... 3 3.00 0.00 0.00 187.3 

2.86 0.29 0.13 178.4 
2.72 0.62 0.25 169.6 

Grauitc ................... 17 2.67 3.98 1.55 166.6 
2.60 1.11 0.44 162.7 
2.53 0. 44 0.29 158.2 

Granite (fluorite).......... 1 8.99 1.67 0.58 186.6 
Granodiorite .............. 1 8.70 0.50 0.19 168.6 
Quartz Syenite............ 1 8.63 1.54 0.68 164.1 
Rhyolitc ................ 1 8.49 4.13 1.67 155.8 

Sedimentary
..
: 

Breccia (ayenite) ........... 1 3.10 0.78 0.27 193.3 
Breccis (limestone)......... 1 8.88 18.73 8.26 148..1 
Chert .................... 1 2.48 4.10 1.69 155.1 
Coquina ................. 1 1.19 56.70 47.80 74.0 
Coral ..................... 2 2.66 1.06 0.41 166.2 
Limestone ................. 7 2.64 4.36 1.73 158.9 

2.67 1.70 0.65 166.8 
2.72 0.87 0.12 169.7 

Limestone (dolomitic)...... 2 2.69 2.08 0.80 167.9 
Limestone (oolitic)......... 3 2.66 1.06 0.42 166.3 
Sandstone ................. 6 2.58 1.62 0.66 160.9 

2.35 9.25 4.12 147.2 
1.91 26.40 13.80 119.5 

Sandstone (calcareous). .. 1 2.31 11.86 6.1; 144.6 
Sandstone (clayey)......... 1 2.48 6.10 2.43 155.1 
Travertine (onyx).......... 2 2.63 1.07 0.42 164.7 

Metamorphic: 
Gneiss .................... 5 3.12 2.23 0.84 195.0 

2.GG 0.78 0.30 166.1 
2.61 0.30 0.12 162.9 

Marble .................. .7 2.73 2.02 0.7 170.2 
2.61 0.62 0.23 163.1 
2.49 0.31 0.13 155.5 

Marble (dolomitic) ......... 2 2.84 0.60 0.21 177.2 
Quartzite ................ 3 2.64 0.46 0.17 164.7 
Slate .................... 3 2.77 0.00 0.00 173.D 

2.74 1.06 0.40 171.5 

" • From J. H. Griffith, Physical Propenies of Typical American Rocks, Iowa Eng. 
Exye. Sta. Bull. 131, March, 1937. 

t Values in italics are the results of tests on only one rock specimen. 
Where three values are given for one rock type, the middle value is the average 

for that particular physical property. Ilowever, the highest and lowest values shown 
were not used in computing the average value. 
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sliding slope. The angle of internal friction for a silt or 

uniform fine to medium sand is 26-30 degrees, that for a 

J well-graded sand is 30-34 degrees, and that for sand and 

gravel is 32-36 degrees (Merritt, 1976, p. 7-9). The fric-

tion angle for clay is about 0-10 degrees. If _the input 

~+ value is negative, it is defaulted to 10 degrees. The fric-

tion includes the effects of the slide riding on an air 

cushion, if any, and the negligible adhesion between clay 

and sliding surface. 

n The symbol AK stands for the added-mass coefficient. The 

° 1 product of this coefficient and the mass of water which has 

a volume equal to the submerged slide is the added water 

mass to be accelerated by the external forces. This coef- 

ficient depends on the shape and attitude of the slide. It 

is defaulted to 0.2 if input with a negative value. The 

LJ 
U 

value shown in the literature (Stelson and Maris, 1957; 

Daily and Harleman, 1966) is generally higher than 0.2. For 

-- example, it is 1.0 for a long cylinder (smaller if the 

length-diameter ratio is smaller), 0.67 for a cube 

acclerated either "broadside-on" or "edge-on", 0.50 for a 

sphere, and 0.20 for an ellipsoid accelerating "end-on" with 

the major axis twice the minor axis. A low value of 0.2 was 

selected as the default value because this case is a land- 

slide in a reservoir of free-surface, where the water is 

allowed to have vertical acceleration. 

The "natural" landslide acquires an acceleration caused by 

effects of the gravitational force, friction between the 

slide and the sliding surface, form drag, viscous drag, 

added mass, and buoyancy. The slide comes to a stop either 

when the velocity is no longer positive, or when a part of 

the slide goes beyond the M x N grid network. 
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B5.0 BOTTOM MOTION GENERATED WAVES 

When the code LSKEY is set to 4, this model simulates the 

propagation of waves generated by bottom motion. The bottom 

motion is described by a rise (or subsidence) of the area to 

one side of a fault line. The fault line is defined by two 

points which are not necessary inside the grid network. 

These two points have coordinates (FI(1),FJ(1)) and 

(FI(2),FJ(2)), respectively. The area to the right of the . 

fault line, when standing at the first point and facing the 

second, will have an instantaneous rise of magnitude DFLT 

(negative for subsidence). The wave is generated by the 

instantaneous rise or subsidence of the water surface in 

that area (shaded area in Figure B15). Note that both the 

surface elevations and the water depths are adjusted at the 

initial instant. 
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FIGURE B15: Definition sketch of fault-induced bottom 
motion. 
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B6.0 DESCRIPTION OF INPUT PARAMETERS 

Group No. 
and Format Variables Description 

1. BA10 ID(K) One to ten title cards. Columns 1 
(1-10 Cards) through 79 of each card contain 

descriptive information. Column 
80, of all but the last card, must 
be 11+11

. +" The character "+" in 
column 80 may be thought of as a 
continuation character. One card 
is necessary, and it can be blank. 
If a single card is used, column 
80 must not contain "+". For each 
card, the information, from column 
1 to the last punched character, 
except "+" in column 80, will be 
centered on printed output. 

2. 8I5 M Dimension of grid in x-direction. 
(1 Card) 

N Dimension of grid in y-direction 
(M*N.LE.2000). 

MOB Number of open boundary segments 
normal to the x-axis (MOB.LE.4). 

NOB Number of open boundary segments 
normal to the y-axis (NOB.LE.4). 

MWEIR Number of dam segments normal to 
the x-axis (MWEIR.LE.9). 

NWEIR Number of dam segments normal to 
the y-axis (NWEIR.LE.9). 

IC Controls exclusion of convective 
terms in momentum equation 
(0 = excluded; 1 =included). 

ICC Controls exclusion of non-linear 
term in continuity equation 
(0 = excluded; 1 = included). 

3. 7F10.5 TZERO Time to be considered the starting 
(1 Card) time for the simulation (seconds). 

(Usually 0). 
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TMAX Ending time (seconds). Total simu-_ 
lation time is equal to 
TMAX-TZERO. 

DT Computational time step (seconds). 
It has to satisfy the Courant sta-
bility condition such that it does 
not exceed DX*DY/ 
(SQRT((DX*DX+DY*DY)*G*Dmax) 
(1+Emax/(Dmax+Emax))) where Dmax 
is the maximum water depth rela-
tive to the initial water surface 
and Emax is the maximum surface 
elevation above the initial level. 

DX X-direction distance between grid ® 
points in desired units. (Be sure 
that units are consistent with all 
other input quantities involving 
distance.) 

DY Y-direction grid spacing. 

DCONV Conversion factor for the input 
grid values. Depth = DCONV 
*(ZO-D(K)) if ZO.NE.O. and D.NE.0. 
Depth = DCONV * D (K) if ZO- O . 

ZO Initial water surface elevation. 
If depths are input for the grid, 
rather than elevations, then set 
ZO=O. 

4. 4F10.5 CMANN Manning roughness coefficient. 
(1 Card) (Use the value in FPS unit system 

no matter which unit system is 
used for other parameters.) 

CED Energy dissipation coefficient for 
partially reflective boundaries. 

CD Discharge coefficient for the weir 
formula, with a dimension of 
SQRT(L)/(T). It becomes the 
default value of 3.33 if the input 
value is .LE.O. One should not use 
this default value if the unit 
system is not FPS. 

G Gravitational acceleration (in 
consistent units). 

H 
D 
11 
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5. 1425 MES Number of grid points for which 
(1 card) histories will be stored 

(MES.LE.50). 

IS Number of time steps between 
stored history values. If MES is 
large and IS is small, it is 
possible that the storage alotted 
for histories will be exceeded. If 
this occurs, the program will give 
an error message and stop. User 
may decrease MES, decrease TMAX, 
or increase IS to recover.Doubling 
IS will save half of the printing 
space but precision will be lost 
in the plotting and in the printed 
results. IS = 1 will yield the 
most information. 

ISP This value times IS yields the 
number of steps between printed 
history values. ISP = 1 will print 
the most information. 

ILR(I,J) Controls plotting and printing of 
histories of surface elevation, 
velocity and over-topping. 
J = 1: surface elevation 
J = 2: velocity 
J = 3: over-topping 
I = 1: if 0, histories not plotted 

if 1, plot, half page each 
if 2, plot, full page 

I = 2: if 0, histories not printed 
(Order of input is with I varying 
most rapidly.) 

KS Number of snapshots of surface 
elevation and/or velocity. The 
times for these snapshots are spe-
cified in TS-(K) in Group 13 
(KS.LE.21). 

LSE Controls printing of snapshots of 
surface elevation (0 = do not 
print; 1 = print). 

LSU Controls printing of snapshots of 
velocity. (0 = do not print; 1 = 
print). 

IENV Controls printing of maximum value 
of surface elevation (0 = do not 
print; 1 = print). 
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IPLTF Controls writing of histories to 
an unformatted file (Tape 2) for 
external plotting. (If .NE.0 file 
is written). 

6. 2F10©5 EMAX Maximum range for plots of surface 
elevation histories (range will be 
from -EMAX to +EMAX). If EMAX = 0, 
each plot will be scaled by the 
program. 

UMAX Maximum range for velocity plots, 
similar to EMAX. 

7. 16F5.b D(K) Array of depths or elevations. Y- 
(M*(INT((N-1) direction is across a data card; 
/16+1) Cards) each row should start a new card 

(e.g., if M=5 and N=7, there 
should be 5 cards, each with 7 
values; if M=5 and N=17, there 
should be 10 cards, the first with 
16 values, the second with 1, the 
third with 16, etc.). If the input 
value is equal to zero (or left 
blank), the point is assumed to be 
outside the computational region; 
this is true regardless of the 
value of ZO in Group 3. If depths 
are input (ZO=O) then downward is 
positive, measured from still sur-
face elevation. If elevations are 
input (ZO.NE.O.), then upward is 
positive, measured from the same 
origin as ZO. The following rules 
are followed in converting from 
input values to depths: 

Depth = DCONV*(ZO-D(K)) if 
ZO.NE.O. and D.NE.O. 
Depth = DCONV*D(K) if ZO=O. 

*********************************************************** 
In Groups 8-13,  use no cards in any group for which the 
control variable (MOB, NOB, MWEIR, NWEIR, MES, OR KS) is 
equal to zero. 

8. 4(3I3,1X) (IOB(K), Locations of open boundary seg- 
(1 Card or J1OB K , ments normal to the x-axis: IOB 
no card) J2OB K , is the row in which a segment lies 

K=1,MOB) and J1OB, J20B are the columns at 
the end points of the segment 
(J1OB.LE.J2OB). 
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9. 4(3I3,1X) (JOB(K), Locations of open boundary seg- 
(1 Card or IlOB(K , ments normal to the y-axis: JOB 
no Card) I2OB(K), is the column in which a segment 

K=1,NOB lies and IlOB, I2OB are the rows 
at the end points of the segment 
(IlOB.LE.I2OB).  

10. 4(3I3,1X,F10.5) 
(0-3 Cards) (IWEIR(K), 

JIWEIR K , 
J2WEIR K , 
HWEIRI(K), 

11. 4(3I3,1X,F10.5) 
(0-3 Cards) (JWEIR(K) 

IIWEIR K , 
I2WEIR K , 
HWEIRJ(K), 
K=1,NWEIR)  

Locations and heights of dam seg-
ments normal to the x-axis. Loca-
tions are specified in the same 
way as for open boundaries. HWEIRI 
is the height above still water 
surface (freeboard of the dam). 
Each dam which contains one or 
more segments is allowed only one 
HWEIRI value and one HWEIRJ value 
(Normally, HWEIRI and HWEIRJ are 
the same for a single dam.) 

Locations and heights of dam 
segments normal to the y-axis. 

12. 8(2I5) (IHIST(K), Locations for which histories are 
(INT((MES-1) JHIST K , to be stored. IHIST is the row and 
/8+1 Cards) _K_=_1_,_M__E_ST JHIST is the column. 

13. 8F10.5 (TS(K), Times (seconds) at which snapshots 
(INT((KS-1) K=1,KS) are desired. 
/8+1) Cards) 

14. I1,9X,7A10 
(1 Card) LSKEY 1 for no landslide (no use at 

present); 
2 for "forced" landslide; 
3 for "natural" landslide; 
4 for bottom movement due to 
fault; 

5 for user defined subroutines. 

TITLE(K) Sub-title for the landslide (0 to 
70 characters). 
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If LSKEY = 1, skip the following groups; 
r If LSKEY = 2, skip Groups 18 and 19° 

If LSKEY = 3, skip Groups 17, 19, 22, and 23; 
If LSKEY = 4, skip Groups 15-18 and 20-23; 
If LSKEY = 5, skip the following groups. 

15.  5I5 (Include this card if LSKEY = 2 or 3) 
(1 Card) NSL Number of slices in "forced" land- 

slide (NSL.LE.10); Default to 1 if 
LSKEY = 3. 

NXH Number of heights specified for 
each slice (NXH.LE.100). (~ 

NTV Number of velocities specified for u 
each slice (NTV.LE.100). Not used 
if LSKEY = 3. a 

MSUB Number of sub-spacings for a DX, 
in the landslide area; default to 
10 if the input value is zero or 
negative (MSUB.LE.50). 

NSUB Number of sub-spacings for a DY; O 
default to 10 if the input value 
is zero or negative (NSUB.LE.50). 

16.  6F10.5 (Include this card if LSKEY = 2 or 3). 
(1 Card) THETA Forward direction of slide 

(degrees counterclockwise from. 
x-axis). 

WSL Width of slide. The width of a 
slice for a "forced" landslide is 
WSL/NSL. 

XO X-coordinate (grid units, not 
distance) of right leading corner 
of slide ("right" is determined as 
if facing in the direction of for-
ward motion). 

YO Y-coordinate of right leading ® 
corner of slide (the coordinates 
,are not necessary round numbers). 

CDP Pressure drag (form drag) coeffi-
cient; defaults to 0.8 if input 
with a negative number. 
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CDV Viscous drag •(skin drag) coeffi-
cient; defaults to 0.008 if input 
with a negative number. 

17. 2F10.5 (Include this card if LSKEY = 2). 
(1 Card) TSLCNV Factor to convert TSL(I) in Group 

22 to seconds. 

VSLCNV Factor to convert VSL(I,J) in 
Group 23 to appropriate units. 

18. 3F10.5 (Include this card if LSKEY = 3). 
(1 Card) SGSL Specific gravity of the whole 

landslide; default to 1.7 if input 
with a negative number. 

AK Added mass coefficient; default to 
0.2 if input with a negative 
number. 

PHI Friction angle in degrees, between 
slide and sliding slope; default. 
to 10°  if input with a negative 
number. 

19. 5F10.5 (Include this card if LSKEY = 4). 
(1 Card) (FI(K) Coordinates, not necessarily in- 

FJ(K) tegers, of two points on fault 
K=1,2) line; displaced region is to the 

right of the line ("right" is de-
termined as if standing at the 
first point, facing the second). 
The order is FI(1), FJ(1), FI(2), 
and FJ(2). 

DFLT Magnitude of bottom displacement 
to the right of the fault line 
specified by two points, (FI(1), 
FJ(1)) and (FI(2), FJ(2));positive 
for upward motion. 

20. 8F10.5 (Include this Group of cards if LSKEY=2 or 3). 
(INT((NXH-1) (XSL(I), Locations where slide height is 
/8+1)Cards) I=1,NXH) specified (distances from leading 

edge, in distance units). 

21. 8F10.5 (Include this Group of cards if LSKEY=2 or 3). 
(NSL sets of (HSL(I,J), Height of slice J at distance 
(INT((NXH-1 I=1,NXH) XSL(I) from leading edge. 
/8+1)Cards) for 

J=1,NSL 
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22. 8F10.5 (Include this Group of cards if LSKEY = 2). 
(INT((NTV-1) (TSL(I), Times at which slide velocity is 
/8+1)Cards) I=1,NTV) specified. 

23. 8F1®.5 - (Include this Group of cards if LSKEY = 2). 
(NSL sets of (VSL(I,J), Horizontal velocity of slice J 
(INT((14TV-1) I=1,NTV), at time TSL(I). 
/8+1)Cards) for 

J=1,NSL 

n 

u 

u 

9 
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TABLE B4 

INDEX OF INPUT VARIABLES 

Variable Group Variable Group 

AK 18 JIWEIR(K) 10 
CD 4 J20B(K) 8 
CDP 16 J2WEIR(K) 10 
CDV 16 KS 5 
CMANN 4 LSE 5 
CT 4 LSKEY 14 
D(K) 7 LSU 5 
DCONV 3 M 2 
DFLT 19 MES 5 
DT 3 MOB 2 
DX 3 MSUB 15 
DY 3 MWEIR 2 
EMAX 6 N 2 
FI(K) 19 NOB 2 
FJ(K) 19 NSL 15 
G 4 NSUB 15 
HSL(I,J) 21 NTV 15 
IC 1 NWEIR 2 
ICC 1 NXH 15 
ID 1 PHI 18 
IENV 5 SGSL 18 
IHIST(K) 12 THETA 16 
ILR(I,J) 5 TITLE(K) 14 
IOB(K) 8 TMAX 3 
IPLTF 5 TS(K) 13 
IS 5 TSL(I) 22 
ISP 5 TSLCNV 17 
IWEIR(K) 10 TZERO 3 
IlOB(K) 9 UMAX 6 
IIWEIR(K) 11 VSL(I,J) 23 
I20B(K) 9 VSLCNV 17 
12WEIR(K) 11 WXL 16 
JHIST(K) 12 XSL(I) 20 
JOB(K) 9 XO 16 
JWEIR(K) 11 YO 16 
J10B(K) 8 ZO 3 
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B7.0 OUTLINE OF OUTPUT DATA 

The computer output consists of: 

(a) a list of input parameters; 

(b) some auxiliary information regarding input data; 

(c) optional "snapshots" of surface elevation and/or 
velocity patterns; 

(d) optional listing of time histories of surface eleva-
tions, velocities, and/or discharge over the dam; 

(e) optional printer plotted time histories of surface 
elevations, velocities, and/or discharge over the 
dam,- 

(f) data file TAPE1 which contains the time history of 
the discharge over the dam, to be used as input data 
for the downstream flood routing model; 

(g) optional data file TAPE2 which contains the time his-
tories of the surface elevations and/or velocities at 
specified grid points and the time history of dis-
charges over the dam, to be used as input data for 
pen plotter routines. 

TAPE1 stores (TZERO, DTIS, NES, (Q(I), I=1,NES)) without 

format, where DTIS, the time interval between the stored 

discharges, is the product of DT and IS. The array Q con-

tains the time history of discharge over the dam. 

Data (TZERO, DTIS, NES, MES, (IHIST(I), JHIST(I), I=1,MES); 

(ES(I), I=1,NMES); (US(I), I=1,NMES); (VS(I), I=1,NMES),, and 

(Q(I), I=1,NMES)) are stored in TAPE2 through five unfor-

matted write statements. DTIS is the product of DT and IS. 

To read data from TAPE2, NMES should be computed after NES 

and MES are read and before ES(I) are read. The value of 

NMES is the product of NES and MES. 
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To obtain the wave data before an earth dam, one may choose 

one or more representative locations before the dam, so that 

the time histories of the surface fluctuations will be 

printed in the output and/or stored in the file TAPE2a 

0 
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j 
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B8.0 PROGRAM LISTING 
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iM 
I 
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I 
r 
n 
p 
I 
I 
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H 
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FROGRAM LSWAVE (INPUT t OUTPUT tTAPE1tTA[A2I LSWAVE.2 
C LSWAVE.3 
C VERSION A.3t NOVEMBER 159 1981 LSWAVE*4 
C DEVELUVED BY TEIRA TECH9 INC.' PASADENA t CALIFORNIA LSWAVE.S 
C LSWAVE.6 

C *+ LIST OF VARIABLES IIJ MAIN PFOGRAM AND SUBPROGRAMS INITIAL• **LSWAVf_98 
C ** SIMULAT t FEEDBKUt FEEDBKVt DATARDRt DATAPRT **LSWAVE.9 

c LSWAVE.11 
C C(*) = CC*H4*)**44./3.) LSJAVE.12 
C CC (1.486/CMA/1N).**21(G*DT112* LSWAVE.13 
C CD DISCHARGE COEFFICIENT FOR THE WEIR FORMULA LSWAVE•14 
C CO2 = LD*2. LSWAVE.15 
C CUTDX = DTDx*IC LSWAVE.16 
C COTDX5 = CDTDX*Q.5 LS6;AVE.17 
C CDTDY = DTUY*IC LSWAVE.18 
C COTOYS = CDTDY*0*5 LSWAVE*29 
C CMANV MANNING ROUGHNESS COEFFICIENT LSiJAVE.20 

N C CEO COEFFICIENT OF ENERGY UISSTPATION AT PARTIALLY LSWAVE.21 
a' C REFLECTIVE BOUNDARIES LSWAVE.22 

C CT1IR = CUD-(1.-CED) LSWAVE923 
c C 3 X = S(~RT(G*0.51*DTDx LSWAVE.24 
C C3Y = SGRT(G*V*5)*DTDY LSWAVE.25 
C O(*) DEPTH LS►'AVE.26 
C DCONV CONVERSION FACTUk FOR INPUT DEPTHS LSJAVF_*27 
C DT COMPUTATIONAL TIME STEP (SECONDS) L%WAVE.28 
C DTDx = DT/DX LSWAVE.29 
C DTDX5 = DTUX *,"I.5 LSWAVE.30 
C GTGY = UT/DY LSWAVE.31 
C DTDYS = DTUY*0o5 LSWAVE.32 
C [ix GkICi SPACING IN X-DIRECTION LSWAVE.33 
C DXDT2 = (Ux*Dx)/DT LS.IAVE*34 
C [)XGf2C = DYDT2*IC LSWAVE.35 
C DX5 = UX*G.,*b LSWAVE.36 
C DY GRID SPACING IN Y-DIRECTICN LSWAVE.37 
C 1)YDT2 = (GY*DY)/DT LSWAVE.38 
C UYGT2C = DYUT2*IC LSwAVE.39 



c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 

H 
N 
M 

C 
c 
c 
C 
C 
C 
c 
C 
c 
C 
C 
c 
C 
C 
C 
c 
C 
c 
C 
c 
c 
C 
C 

DY5 = DY *(I*` LSWAVE.4t 
Dfi(*) DUMtiY VECTOR LSWAVE.41 
U1(*) DUMMY VECTOR LSJAVE•42 
C(*) SURFACE ELEVATION LSWAVE*43 
Eli(*) MAXIMUM SJRFACE ELEVATION LSu'AVE*44 
EMAX -If sGT• Got RANGE USED FOR ELEVATION PLOTS IS LSWAVE*45 

—fhAX TO +EHA'X LSWAVE*46 
ES(*) HISTORIES OF SURFACE ELEVATION LSWAVE*47 
G GRAVITATIONAL ACCELERATION LSJAVE.48 
GDTOX = U *DTUX LSwAVE.49 
GDTDY = 6 *DTDY LSWAVE*56 
Gv = 00516 LSWAVE951 

til+) = HT(*} (IF ICC-̀1)e = D(*) (IF ICC=G) LSWAVE.52 
HIJ = H(MAP(IjJ)) LSWAVE.53 
H7(*) E(*)tD4 *) LSWAVE054 

HEIGHT OF DAM ABOVE STILL WATER LEVEL (FREEBOARD OF DAM)LSWAVE*55 
iiwEltl (*) FUR DAM SEGMENT NORMAL TO X—AXIS LSWAVE.56 
HWEIRJ(*) FOR DAM SEGMENT NORMAL TO Y—AXIS LSWAV[*57 
H4Et1 FOR LWAER Et%D .CF SEGMENT NORMAL TO X—AXIS LSWAVEo58 
116f;I2 FOR UPPER END OF SEGMENT NOkMAL TO X—AXIS LSUAVE059 
HwFJI FOR LOITER END ELF SEGMENT NORMAL TO Y.—AXIS LSeiAVE*60 
111.°EJ2 FOR UF'FER END OF SEGMENT NORMAL TO Y—AXIS LSWAVE•61 
h2utI'J) = LSIJAVE.62 
H2V(19J) _ (H(I,J)+H(I•J+I))*VN(I,J) LSWAVE.63 
1 ROW INDEX LSWAVE064 
IC IF us CONVECTIVE °TERM IS EXCLUDED LSWAVE*65 
I c c IF r.' CONTINUITY EGaUATION IS LINEAR LS'WAVE.66 
IDIMiD DIMENSION Of D'D(j'DIsHAP LSUAVE967 
IDIME DIMENSION OF E #CjH jhTsH2U*h2V'U®UN,V*VN LSJAVE.66 
IGIMEli DIMENSION OF Eh LSJAVE•6.9 
IDIMOB MAXIMUM NUMBER Of OPEN BOUNDARY SEGMEN11S IN EITHER LSWAVE*76 

DIRECTION tDIMENSION OF I0B 9 I1OB'I2O0sJOd*jI08'J2O8) LSWAVE.71 
I[IIMIS MAXIMUM NUMBER OF SNAPSHOTS (DIMENSION OF TSsITS) LSJAVE*72 
IDIM.JE MAXIMUM NUMBER Of DAM SEGMENTS IN EITHER DIRECTION LSJAYE,73 

(DIMENSION OF I WEIR* IT111EIRiI2WEIRsJ'WEIRrJ1WEIR' LSWAVE®74 
J2WLIRehWEIRI +hWEIRJ) LSWAVE*75 

IENV IF ill MAXIMUM SURFACE ELEVATION NOT PLOTTED LSWAVE*76 
ILc CUUNTER FOR HISTORIES LSW'AVE*77 
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.-L-j  U Lj 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 

C 
C 
C 
c 

C 
C 
C 
C 
C 
C 

IHISI(*) 1—COORDINATE OF F(UlNT FOR WHICH A HISTORY IS STORED  
111 DUMMY INTEGER VARIABLE 
I12 DUMMY INTEGER VARIABLE 
IJ = MAP(I 9J) s  RANGING FROM 2 TO MAXCPM 

ALSO* DUMMY INTEGER VARIABLE 
IJt; = MAP(19J-1) 
IJH !'SAP( IsJ+I) 
IK(*) ROW NO*  OF COMPUTATIONAL SEGMENT NORMAL TC X—AXIS 
IL DUMMY INTEGER VARIABLE 
ILRI*) CONTROLS PLOTTING AND PRIN7ING OF HISTORIES 

ILR(IsJ) = fs NO PLOTTING OR PRINTING 
ILR(19J) = Is FLOTTING (VERTICAL AXIS HALF PAGE) 
ILR(19J) = 2s PLOTTING (VERTICAL AXIS FULL FAGS) 
ILR(2sJ) = is PRINTING 
J = It SURFACE ELEVATION 
J = 29 VELOCITY 
J ;. 3s OVER—TOPPING. RATE 

IMJ MAP(I-1sJ) 
I08(*) ROW NO* OF OMEN 6OUNDARY SEGMENT NORMAL TO X—AXIS 
IPJ = MAP(I+19J) 
IPLTF IF oNE* Gs ALL HISTORIES ARE 1IRITTEN TO TAPE2 FOR 

EXTERNAL PLOTTING 
IS NUMBER OF TIME STEPS BETWEEN STORED HISTORY VALUES 
1SP ISP*IS = NUMBER OF TIME STEPS BETWEEN PRINTED 

HISTORY VALUES 
16EIR(*) ROW NO* OF DAM SEGMENT NORMAL TO X—AXI'S 
I1(*) BEGINNING,  ROW NO*  OF COMPUTATIONAL SEGMENT NORMAL 

TO X—AXIS 
I1K = I1(K) 
1108(*) BEGINNING ROW NO. OF OPEN BOUNDARY SEGMENT NORMAL 

TO X—AXIS 
12WEIR(*) BEGINNING ROW NO* OF DAM SEGMENT NORMAL TO X—AXIS 
I2(*) ENDING KGW NO* GF COMPUTATIONAL SEGMENT NORMAL 

TO X—AXIS 
I2K I2(K) 
1208(*) E140ING ROW NO* Cf OFEN BOUNDY SEGMENT NORMAL 

TO X—AXIS 
I2WEI1t(*) LNDING ROJ t!D* OF DAM SEGMENT NORMAL TO X—AXIS 

LSWAVE*78 
LSWAVE.79 
LSWAVE*8G 
LSW AVE *81 
LSWAVE*82 
LSWAVE*83 
LSWAVE*84 
LSWAVE*85 
LSJAVE*86 
LSWAVE*87 
LSWAVE*88 
LSWAVE .89 
LSJAVE.90 
LSWAVE.91 
LSLIAVE*92 
LSWAVE*93 
LSWAVE*94 
LSWAVE*95 
LSWAVE*96 
LSWAVE*97 
LSWAVE*98 
LSWAVE*99 
LSWAVE*106 
LSWAVE*1L1 
LSWAVE*102 
LSWAVE*103 
LSWAVE.104 
LSWAVE.IG5 
LSJAVE.106 
LSwAVE.1G7 
LSWAVE.IG8 
LSWAVE*1G9 
LSWAVE.1l0 
LSJAVE.lII 
LSWAVE*112 
LSWAVE*113 
LSWAVE*114 
LSWAVE*115 

3 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
L' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

N 
N 
J 

19 GUMMY INTEGER VARIABLE LSWAVE*116 
J COLUMN INDEX LSWAVE*117 
JES(*) ONE-D INDEX OF POINT FOR WHICH A HISTORY IS STORED LSWAVE*118 
J141ST(*) J-COURDINATE Of POINT FOR WHICH A HISTORY I•S STORED LSWAVE*119 
JJ1 DUMMY INTEGER VARIABLE LSWAVE*120 
JJ2 DUMMY INTEGER VARIABLE LSWAVE*121 
JK(*) COLUMN NU* Of COMPUTATIONAL! SEGMENT NORMAL TO Y-AXIS LSWAVE.122 
JOB(*) COLUMN NO*  OF OPEN BOUNDARY SEGMENT NORMAL TO Y-AXIS LSWAVE*123 
JWEIR (*) COLUMN NO* Of DAM SEGMENT NORMAL TO Y-AXIS LSWAVE*124 
J1(*) BEGINNING COLUMN N09  Of COMPUTATIONAL. SEGMENT NORMAL LSWAVE*125 

TO Y -AXIS LSWAVE*126 
J1K = JI(K) LSWAVE*127 
JlOB(*) BEGINNING COLUMN NO* OF OPEN BOUNDARY SEGMENT NORMAL LSWAVE*128 

TO Y-AXIS LSWAVE*129 
J1WEIR(*) BEGINNING COLUMN NO* OF DAM SEGMENT NORMAL T64-AXIS' LSWAVE*136 
J2(*) ENDING COLUMN NO* OF COMPUTATIONAL SEGMENT NORMAL LSWAVE*131 

TO Y-A)IS LSWAVE*132 
J2K = J2(K) LSWAVE*133 
J206(*•) ENDING COLUMN NO, OF OPEN BOUNDARY SEGMENT NORMAL LSWAVE*134 

TO Y-AXIS LSWAVE * 135 
J2wEIR(*) ENDING COLUMN NO *  OF DAM SEGMENT NORMAL TO Y-AXIS LSWAVE*136 
J(! DUMMY INDEX LSWAVE*137 
J9 DUMMY INDEX LS4AVE*138 
K DUMMY COUNTER LSWAVE*139 
KEb COUNTER FOR HISTORIES LSWAVE.140 
KNhi = N*M LSWAVE*141 
KS SNAPSHOT COUNTER LSWAVE*142 
KT TIME STEP COUNTER LSWAVE*143 
KvfRS IfiENTIFIER FGR CURkENT VERSION OF PROGRAM LSWAVE*144 
K9 DUMMY COUNTER LSWAVE*145 
L DUMMY COUNTER LSWAVE*146 
LSKEY TYPE OF LANDSLIDE MODEL*.*  LSi°AVE*147 

= 1* NO LANDSLIDE LSWAVE*148 
= 20 FORCED LAt=DSLIQE LSWAVE*149 
3' NATURAL LANDSLIDE 1_SJAVE*150 

= 49 BIuTIUM MOVEMENT DUE TO FAULT LS4AVE*151 
59 USER ROUTINE LSWAVE*152 

LSE IF t19 SNAPSHOTS CF SURFACE ELEVATION NOT DESIRED LSWAVE*153 
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C LSU IF 9 1 SNAPSHOTS OF VELOCITY NCT DESIRED LSWAVE*154 
C Pi TOTAL NUPIBER OF GRID POINTS IN X—DIRECTION LSWAVE.155 
C MAP(*) MAP TO CONVERT TWO—D INDICES TO ONE—D LSWAVE.156 
C MAXC' MAXIMUM NUMBER OF COMPUTATIONAL POINTS LSWAVE•157 
C MARES DIMENSION OF ES jUSsVS (LIMIT OF NES*MES) LSVAVE*15H 
C MAXESI DIMENSION OF 0 (LIMIT OF NES) LSWAVE.159 
C NAXE32 DIMENSION OF JESvIHISTsJHIST (LIMIT OF MES) LSWAVE*160 
C M8(*) TWO—DIGIT I14TEGEP INDICATING TYPE OF BOUNDARY FOR LSWAVE.161 
C SEGMENT NORMAL TO X—AXIS see LSWAVE•162 
C UNIT DIGIT — TYPE AT UPFER BOUNDARY LSWAVE.163 
C TENS DIGIT — TYPE AT LOWER BOUNDARY LSWAVE916.4 
C DIGIT = 0 - OPEN BOUNDARY LSWAVE9165 
C DIGIT = 1 - PARTIALLY REFLECTIVE BOUNDARY LSWAVE.166 
C DIGIT = 5 — DAM LSWAVE•167 
C MAXCPM = MAXCP-1 LSWAVE.168 
C MAXCPN = MAXCPM+N LSWAVE*169 
C MES NUMBER OF POINT'S FOR WHICH HISTORIES ARE STORED LSWAVE9170 
C MNOW TOTAL NUMBER OF OPEN BOUNDARY AND DAM SEGMENTS LSWAVE.171 
C MOB NUMBER OF OPEN BOUNDARY SEGMENTS NORMAL TO X—AXIS LSWAVE*172 
C MP = M (USED TO PASS DIMENSIONS OF MAP(*) TO SUBPROGRAMS)LSVAVE.173 

000 C MS NUMBER CF COMPUTATIONAL SEGMENTS NORMAL TO X—AXIS LSWAVE•174 
C MUEIR NUMBER OF DAM SEGMENTS KJRMAL TO X—AXIS LSWAVE•175 
C N TOTAL NUMBER OF GRID POINT'S IN Y—DIRECTION LSgAVE.176 
C NE3(*) TWO—DIGIT INTEGER INDICATING TYPE OF BOUNDARY FOR LSWAVE9177 
C SEGMENT NORMAL TO Y—AXIS .*. (SEE MB(*)) LSWAVE*17E 
C NES NUMBER OF TIME STEPS STORED IN HISTORIE'S LS6fAVE*179 
C NLP LINE. COUNTER FOR OUTPUT FILE LS61AVE.180 
C NMES = NES*MES LSWAVE.181 
C NOD NUMBER OF OPEN BOUNDARY SEGMENTS NORMAL TO Y—AXIS LSWAVE.1.82 
C NP = N (USED TO PASS DIMENSIONS OF MAP#*) TO SUBPROGRAMS)LSWAVE.183 
C NS NUMBER OF COMPUTATIONAL SEGMENTS NORMAL TO Y—AXIS LSWAVE•184 
C NU!'(*') INTEGERS 0 THROUGH 9 IN HOLLERITH FORMAT LSJAVE.185 
C NWEIR NUMBER OF DAM SEGMENTS NORMAL TO Y—AXIS LSWAVE.IBE 
C PI = 3.141592654 LSWAVE.1.87 
C 0(*) HISTORY OF DISCHARGE OVER DAM (OVER—TOPPING) LSWAVE*1'88 
C GT TOTAL VOLUME. OVEP—TOPPING LSWAVE•189 
C START DUMMY LOGICAL VARIABLE LS61AVE•190 
C T TIME (SECONDS) LSWAVE•191 
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C TF.AX ENDING TIME (TMAX—TZERO = TOTAL SIMULATION TIME) LSWAVE.192 
C TS(*) TIMES Ft-R SNAPSHOTS LSWAVE•193 

C 12FR0 6TARTING TIME LSWAVE*194 

c Tb DUHHY REAL VARIABLE LSVAVE•195 
C T7 DUMMY REAL VARIABLE LSWAVE.196 
C 19 DUMMY REAL VARIABLE LSWAVEs197 
C U(t) X—DIRECTION VELOCITY LSWAVE*198 
C UIJ = U(IIJ) LSWAVE•1.99 

C UM MFAN VALUE OF U LSWAVE.20G 
C AMAX IF .GT• Qd' RANGE USED FOR VELOCITY ?LOTS IS LSWAVEa2fi1 
C —UMAX TO *UMA'X LSWAVE.202 
C UN l*) U FOR THE NEW TIME STEP LSWAVE•203 
C US(*) HISTORIES OF VELOCITY (U) LSWAVEa204 
c V(*) V—DIRECTION VELOCITY LSWAVEa205 
C VIJ = V(Igd) LSWAVEa2U6 
C VM hEAN VALUE Of V LSWAVE•207 
C VN(*) V FOR THE NEW TIME STEP. LSWAVE.2a6 
C vs(*) HISTORIES OF VELOCITY (VI LSWAVE•209 
C ZU INITIAL SURFACE.ELEVATION LSWAVE.210 
C LSUAVEw211 
C LSWAVE.212 
C .***ra**a*aa**aaaraaa~a#aaaaaaaaaa*aaaaa*ataaaaaa*tawaittrata~raaaaaaaVARF(1fla2 

C ** LISI OF INPUT VARIABLES FOR FORCED LANDSLIDE MODEL a*VARFOR.3 
C *r*arraaaaaa.a*aar*aaawaaaa*t*aaaaaaaataaraaaaaaaaa*ataa*aa*t*t~ataaat~r*VARFOR a4 
C VARFORa5 
C TITLE(*) SEVENTY CHARACTER SUBTITLE PRINTED W1Tlrl SLIDE DATA VARFDR•6 
C NSL NUMEER Of SLICES IN LANDSLIDE VARFOR.7 
C NXH NUMBER OF HEIGHTS SPECIFIED FOR EACH SLICE VARFOR*b 
C NIV NUMBER OF VELOCITIES SPECIFIED FOR EACH SLICE VARFOR0 
C M S U B NUMBER OF SUBDIVISIONS PER GRID ELEMENT IN THE VARFOR616 
c X—DIRECTION FOR LANDSLIDE CALCULATIONS VARFOR.11 
C NSUb NUMBER OF SUBDIVISIONS PER GRID ELEMENT I,N THE VARFOR.12 
C Y—DIRECTION FOR LANDSLIDE CALCULATIONS VARFOR*13 
C THETA FCRWARD OIRECTIOt~ OF SLIDE (DEGREES COUNTERCLOCKJ ISE VARFORs14 
C FROM X—AXIS) VARFOR*15 
C 6SL WIDTH OF SLIDE (DISTANCE UNITS) VAkFORm16 
C x  X—COORDINATE ((ARID UNITS, NOT DISTANCE) OF RIGHT VARFORal7 
c LEADING CORNER OF SLIDE (—RIGHT— IS DETERMINED AS IF VARFOR*18 
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C FACING IN THE GIPECTION OF FORWARD MOTION) VARFOR*19 
C YO Y-COORDINATE OF RIGHT LEADING CORNER OF SLIDE VARFDR*2b 
C CDf' PRESSURE DRAG COEFFICIENT (DEFAULTS TO IsO IF *LT* Oe? VARFOR.21 
C CDV VISCOJS DRAG COEFFICIENT (DEFAULTS TO 0.008 IF *LT* 40 VARFOR*22 
C TSLC'4V FACTOR TO CONVERT TSL(*) TO SECONDS VARFOR*23 
C VSt.. CVV FACTOR TO CONVERT VSL(*) TO APPROFRIATE UNITS VARFOR*24 
C XSI.(*) LOCATIONS WHERE SLIDE HEIGHT IS SPECIFIED (DISTANCES VANFOR*25 
C FROM LEADING EDGE) VARFOR*26 
C HSLII9J) HEIGHT OF SLICE J AT DISTANCE XSL(I) FROM LEADING EDGE VARFOR*27 
C TSL(*) TIMES AT WHICH SLIDE VELOCTIY IS SPECIFIED VARFUR*28 
C VSL(IIJ) VELOCITY OF SLICE J AT TIME TSL.II) VARFOR*29 
C VARFOR*30 
C LSWAVE*214 

C ** LIST OF INPUT VARIABLES FOR NATURAL LANDSLIDE MODEL **VAR4AT*3 
C *********************.► ******tr**r*+r #*+r***********.*rt*i******~+r*****r► rr*VARNAT.4 
C VARNAT*5 
C TITLE(*) SEVENTY CHARACTER SUBTITLE PRINTED WITH SLIDE DATA VARNAT*6 
C NSL (UNUSED) VARNAT*7 

►~ C NXH NUMBER OF HU16HIS SPECIFIED FOR EACH SLICE I VARNAT*8 
o C NTV (UNUSED) VARNAT*9 

C MSUB NUMPER OF SUBDIVISIONS PER GRID ELEMENT I-N THE VARNAT*10 
C X-DIRECTIUN FOR LANDSLIDE CALCULATIONS VARNAT*11 
C MSUB NUMBER OF SUBDIVISIONS PER GRID ELEMENT IN 'THE VARNAT*12 
C Y-DIRECTION FOR LANDSLIDE CALCULATIONS VARNATe13 
C THETA FORWARD DIRECTION OF SLIDE (DEGREES COUNTERCLOCKJISE VARNAT*14 
C FROM X-AXIS ) VARNAT915 
C WSL WIDTH OF SLIDE (DISTANCE UNITS) VARNAT*16 
C XO X-COORDINATE 1GRID UNITS9  NOT DISTANCE) OF RIGHT VARNAT*17 
C LEADING CORNER OF SLIDE (-RIGHT- IS DETERMINED AS IF VARNAT*18 
C FACING IN THE DIRECTION OF FORWARD MOTION-) VARNAT*19 
C YO Y-COORDINATE. OF RIGHT LEADING CORNER OF SLIDE VARNAT*20 
C CDP PRESSURE DRAG COEFFICIENT (DEFAULTS TO 0*8 ZF •LT* 0*) VARNAT*21 
C CDV VISCOUS DRAG COEFFICIENT (DEFAULTS TO 0.008 IF *LT* 00VARNAT*22 
C SGSL SPECIFIC GRAVITY OF SLIDE (DEFAULTS TO 1*7 IF *LT• 00 VARNAT*23 
C AK ADDED MASS COEFFICIENT ( DEFAULTS T.0 0*2 IF *LT * 0*) VARNAT*24 
C Pill FRICTION ANGLE ( DEGREES) (DEFAULTS TO 10. IF *LT * 0*) VARNAT*25 
C XSL0 ) LOCATIONS WHERE SLIDE HEIGHT IS SPECIFIED (DISTANCES VARNAT*26 
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C FhOM LEADING EDGE) VARNAT*27 
C HSL(I) HEIGHT OF SLIDE AT DISTANCE XSL(I) FROM LEADING EDGE VARNAT*28 
C (HSL*WSL SHOULD REPRESENT THE CROSS—SECTIONAL AREA) VARNAT*29 
C VAWNAT*30 
C LSWAVE•216 
C .*rr**s****a*rr******r***r*r*ra*rr***rr*r••rr*rrrrr***rrrrrr#*r**r*rrr*VARFLT * 2 
C ** L1St OF 114PUT VARIABLES FOR BOTTOM FAULT MODEL * *VARFLT *3 
C .*.*r***rr•******r*****s****r+r*s*#*,rr***rrrrrs***t*ter*r*rrr**trrtrr*s**VARFLT w 4 
C VARFLT*5 
C TITLE(*) SEVENTY CHARACTER SUBTITLE PRI11TED WI°JfH FAULT DATA VARFLT*6 
C Fit*) X —GRID COORDINATES OF TWO POINTS ON FAULT LdNE VARFLT*? 
C DISPLACED RE6ION IS TO THE RIGHT OF THE LINE VARFLT*8 
C (—BIGOT— IS DETERMINED AS IF STANDING AT THE FIRST VARFLT *9 
C VOINTI FACING THE SECOND) VARFLTsIO 
C FJ(*) Y—GRID COORDINATES FOR T'HE TWO POINTS-DESCRIBING VARFLT•11 
C THE FAULT LINE VARFLT*12 
C DFL1 MAGNITUDE OF DISPLACEMENT VARFLT*13 
C LSJAVE *218 
C LSJAVE*219 

w COF.MON C1135(I)'E(1350•)'EHIl3AU)'H(1350)*tlT(13501pH2U41350)1 ®/*2 
~ A t12V(135(i)•U(1350)vUN(1350)*V(1350)VVN(135t)I //.3 

COMMON /DATA/ 0(20ijO)'CD'CMANNiCED'DCONV'DT'DX'DYeEMAX'GI /DATA/*2 
A HWEIRli9)+HWEIRJ (9)9TMAX'TS12119TZERO'Ui4AXaZOs /DATA / e3 

B IC'1CC®IENUtIHIST(50)'ILR(2e3)VI0B(4)*IPLTP' /DATA / 94 

C IIOB(4)'1208(4) e1S' ISPaIwEIR(9)*IIWEIRC9)91.2WEIR(9)' /DATA/*5 
D JiiIST(51► )oJOH(4)tJ108(4)9J20H(4)sJWEIR(9)'JIWEIR(919 /DATA/o6 
L J2WLINI9)'LSE'LSKEY®LSU'M I MES $ MOBvMWEIRIN'NESINDB *NWEIR /DATA / 97 
COMMON /SFGM/ /SEGM/*2 

A MH(3oJ)'NF(30b) ISF.GM/*3 
COMMON ISItau/ CC,CDTDX'CDTDX5oCDTDY*CDTDY5eCD29CTMR'C3XtC3Ys /SIMU/*2 

A DTDX*UTDX59DTDY%DTDY5oDXDT29OXOT2C9DX5*DYDT2*DYDT2CeDY5$ /SIMU/*3 
B GUTUX%G(JTDYwGS'HWElItHWEI29HWEJ1 tHWEJ2'IES'I-TS(21),.IES(5(i)® /SIMU/.4 
C KES,KS,KT,MAXCP -PMAXCI~tiaMAXCPNeMS•NS'PItGTaT /SIMU/*5 

COMMON /HIST/ ES(2bliJ) lUS(2:i(j0) oVS(2Ei0(a) eU(5v0)®SS(50u) /[KIST/.2 
COMMON IULi-IS/ i'AAXESSMAXESi t tlAXES2 9I0IMD9I1)IMEyIDIME)i'IDIMU69 /DIMS / 02 

A IDIMTS9101KWE (DIMS/o3 
COF,,MDN IDSLU/ NSLoMSL,NXN,NTV•MSUD®NSUB*TtiETA'COST,SINT9 /DSLDI*2 

A W'EL 91)SL'XOpYO'CUP'CUVfSGSLIAK*PtiltfPIC'TITLE(7)9 /DSLD/*3 



w 
N 

/DSLD/ *4 
/Sl_DI/*2 
/SLD1/*3 
/SLD1/*4 
/SLD2/*2 
/SLD3/ *2 
/SLD4 /* 2 
/SLD4/*3 
/SDEF/.2 
LSWAVE *232 
LSWAVE*233 
LSWAVE*234 
LSWAVH *235 
LSWAVE*236 
LSWAVE *237 
LSWAVE*23B 
LSWAVE *239 
LSWAVE*246 
LSWAVE.241 
LS►tAVE *242 
LSUAVE9243 
LSWAVE*244 
LSWAVE*245 
LSWAVE *246 
LSWAVE*247 
LSWAVE*248 
LSWAVE*249 
LSWAVE*250 
LSWAVE *251 
LSWAVE%252 
LSWAVE*253 
LSWAVE.*254 
LS6!AVE *255 
LS6iAVE *256 
LSWAVE*257 
LSMIAVE *25G 
LSWAVE*259 
LSWAVE *260 

b XSL(1~1)rTSL(I~I)9HSL(1~1r1R19VSL11[~191t1) 
COMMON /SLOT/ tJSP( In) tNKSP91KSP(5U(r)IJKSF'(500)9XSN(10)rVSN(1P)• 

A MA9NA9DXA9DYA9DXDXA9DYDXA9DXDYA9DYDYA9AMNtMNArITV9LSMAX(10)9 
b XA(2500) 

COMMON ISLD2/ XSP159P) 9LSP (50 0) 
COMMON /SL03/ HS( 135U)9HSN(1350)9VSA(135F)9I CV( 1350)9ICVN(1359) 
COMMON /SLD4/ NSEGr1'6S9KIJrDSrVTOTALr1iMAXOrXNN(100)9Ht4N(1U(1)r 

A DN(111!39 VOL( 100) 
COMMON /SDEF/ KDEF(Ia)9ADEF(lU)9VDEF4I(') 
DIMENSION MAP(2J10) 
DATA MAXES9MAXES1911AYES29ICIMD9IDIME9IDIMLH9IUIMOB-pIDIMTS9IDI4WE 

A / 25009 11009 5U9 20009 135C9 13009 49 219 9/ 
CALL DATARUR 
CALL DATAPRT 
CALL INITIAL(MAP9M9N) 
LSKEYX=LSKEY 
1F (LSKEY *EG* 2) CALL INITFOR(MAP9M9N) 
IF (LSKEY *EQ* 3•) CALL INITNAT(MAP9M9N) 
IF (LSKEY *EQ* 4) CALL INITFLT(MAP9M9N) 
CALL SIMULAT(MAP9M9N'9ES9US9VS9Q9NES9MES) 
LSKEY=LSKEYX 
IF (IENV *rds (1) CALL SHOTPRT(EH9D9MAwCP9MAP9M9N9T939 

A 25HMAXIMUM SURFACE: ELEWATION90) 
IF `(LSKEY @EQ* 2) *OR* iLSKEY *EQ* 3)) CALL SHOTPRT('D9D9MAXC3 9 

A MAP 9 M9N9T92911HFItIAL DEPTli90) 
CALL HI,STPRT(ES9US9VS9Q9SS9hES9MES) 

C 
C ***** WARNING *** * -PLOTFRT- DESTROYS BLANK COMMON 

CALL PLOTPRT(ES*NES9MES9EMAX909ILR(lrl)929 
A 17HSURFACE ELEVATION) 
CALL PLOTPRT(US9NES9MES*UMAX9O9ILR(192)939 

A 24HX-DIRECTION VELOCITY (U)) 
CALL PL()TPRT(VS9NES9MES9UMAX909ILR(192)939 

A 24HY-0IPECTION VELOCITY (V)) 
CALL PLOTPRT(O9NES9i90.919ILR(193)929 

A I7HOVER-TOPPING RATE) 
OT=QI*DT 
PRINT 10104T 
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101 F6RMAT (1H 1'27HTOTAL VOLUME CVLR—TOPPING -91PE15*8) 
C 
c STORE HYDROGRAPH LOVER THE GAM) INTO TAPElt TO BE USED FOR THE 
c DOWNSTREAM EL600 ROUTING MODEL 

WRITE (1) TZERa,nT*TS,NES*(Gil),I=1'NES) 
A 

IF (IF'LTF *EL* A) 6610 10 
IF (MES ,EU* 0 ) GOTO 10 

c 
c STORE DATA TO IAPE2 FOR EXTERNAL PLOTTING 

WRITE (2) TZERo t UT+ IS~NES~ttES '( IF1ISTpI ) sJt1IST ( IA~I = I~TIESD 
NMES=NES*MES 
WRITE (2) (ES(I)vI=1®NMES) 
WRITE (2) (US( I)'1=1'Nt+ES) 
WRITE (2) (Usti )91=1+NMES) 
WRITE (2) (U(I)'I=1eNES) 

1a CONTINUE 
S TOp 
END  

LSWAVE*261 
LSWAVE*262 
LSWAVE*263 
LSWAVE *264 
LSWAVE*265 
LSWAVE*266 
LSWAVE*267 
LSWAVE *2611 
LSWAVE .2'69 
LSWAVE*276 
LSWAVE*271 
LSWAVE*272 
LSWAVE*Z73 
LSWAVE*274 
LSWAVE*275 
LSWAVE*276 
LSAAVE*277 
LSWAVE*278 
LSWAVE.279 

W LJ 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

H 
w 
~P 

SUP.ROUTINE DATARDR OATARDR,2 
DATARDR93 

READ INPUT DATA FOV THE HYDRODYNAMIC SUBMODEL DATARDR.4 
DATAROR.5 

ALL INPUT DATA (EXCEPT CMANN) SHOULD USE ONE UNIT SYSTEM DATARDR.6 
CONSISTENTLY (FPS• CGS• OP MKS) DATARDR•7 

CMANN (NANNING N) IS ALWAYS GIVEN IN FPS UNITS DATARDR.B 
DATARDR99 

EXTERNALS REFERENCED DATARDR910 
FRT4 DATAROR911 
ERR DATARDR.12 

EXTERNALS CONTAINING REFERENCES DATARDR.13 
LSWAVE (MAIN PROGRAM) DATARDR.14 

OATARDR.15 
COMMON C(1356)•E(1350 ♦EH(, 13i10)•H(135Q)•HT(1350)•H2Ui135n)♦ //.2 

A F12V(135(,, )•U(135 41 )♦UN(135n)•V(1350)♦ VN(1350) //.3 
COMMON /OATAI D(20nO)♦ CD•CHAtJN9CE09000t)V•DT•DX•DY•EMAX969 /DATAI.2 

A HWEIRT(9)•liWEIRJ(9)•TMAX♦TS(21)•TZERG•UMAX•ZQ9 /DATA/.3 
B IC9ICC 9 IENV •IHIST650)91LR(293)9108(4) ♦ IPLTF 9  w  /DATA/.4 
C I1()B ( 4)9I208 ( 4)•IS9ISP • IWEIR(9)9IIWEIR (~9)9I2WETR ( 9)9 /DATA/.5 
0 JFiIST ( 5+)) •JOB ( 4) •J1OB ( 4) ♦J20B ( 4) •JWE-IR ( 9) •JIWEIR (9)♦ /DATA/.6 
E J2WEIR (9)9LSE•LSKEY•LSU,M•MES•MOB ♦ MWEIR • N•NES• NOB♦ NWEIR / DATA/*7 

COMMON / SIMU / CC•CDTDX •CDTDX 59CDTDY •CATDY59CD2•CTMR 9 C3x•C3Y♦ / SIMU/.2 
A DTOX•OTOX59DTDY•OTOY5♦DXDT2.0XDT2C•DX59DYDT29DYDT2C•DY59 /SIMU/.3 
B GDTDX•GDTOY•G5•NWEI1•HVE12•H'aEJl•HWEJ2•IES•ITS(21)•JES(50)♦ /SIMU/.4 
C KES•KS•KT•MAXCPvMAXCPM•MAXCPN•MS ♦NS•PI•OT♦ T /SIMU/.5 
COMMON /DIMS/ MAXES♦ MAXESI♦MAXES29IDIMD910IME 9IDIMEH91DIM089 /1)14S/.2 

A IDIMTS• IOIMJE /DI4S/.3 
COP,MON /DSLD/ tJSL ♦ MSL•NXH♦ NTV•MSUB•NSUB♦ TtiETA•COST•SINT• /DSLD/.2 

A W'SL ♦ DSL•XU•YO ♦CDP •CDV•SGSL • AK•EHI9FRIC •TITLE ( 7)9 /DSLD/.3 
B XSL(1,71)•TSL(101)•HSL(1(11.10) ♦ VSL(101.10) /DSLD/.4 
DATA KVERS/4HA93 / DATARDR.21 

DATARDR.22 
CALL PRT4(KVERS) DATARDR.23 
READ 101•M•N•MO8•NO09MWEIR•NWEIR•IC•ICC DATARDR.24 
READ lD2•TZERO9TMAX•DT ♦DX ♦ DY9000NV ♦ ZQ DATARDR.25 
READ 102♦CMANN ♦CED9CO•G DATARDR.26 
READ 1f11rMES•IS9IS1''9 ILR•KS •LSE•LSU•IENV • IPLTF DATARDR.27 
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Li 
Ln 

READ 1029EMAX•UMAX DATAROR.28 
DO 10 1=10M DATARDR.29 

I READ 1t`3,tDi(I-1)•N+J)tJ=1tN) DATAKDR 930 
1F (4013 .GT. 0) READ 1041(iGb(K)tJlOB4K)tJ20B(K)%K=1t(10b) DATARDR.31 
1F (NOB .G1* 0)1READ 1041( JOB (V)9110134091208(K)tK=1tNOHI DATAKDR•32 
IF (MWEIR o6T. G) READ 10514IWEIR(  Kill  JIWEIR(K)IJ2WEIR1K)e DATARDR.33 

A HWEIItI (K ),K=I (MWEIR) DATARDR,34 
IF 4 14WEIR .GT. 0) kEAD 1(15t(JWEIR(K)tIIWEIR(K)tI26FIR(K)t DATAKDR.35 

A HWEIRJ(K) tK=19NJElk) DATAROR.36 
IF (MES .GT. 0) READ ,Ult(IHIST(K)tJHIST(K)tK=19MES) DATARDRs37 
IF (KS .GT. 0) READ 1J2t(TS(K)tK=1tKS) DATARDR.38 
READ IC169LSKEY91ITLE DATARDR•39 
KNM=4+N DATARDR.40 
IF (KNM.GT«10IMD) CALL ERR( 1t1t5941HREQUESTED GRID SIZE (M+N) EXCDAIARDR.41 

,EEDS MA)<IMUbtt4t29lHMtMe2.111N9N92t3HM+NtKNMt2t5MIDIMDtIDIMBI DATAKDR.42 
IF ((LSKEY.I.E.►l) .Uk. (LSKEY.GT.5)) CALL ERR( 29193t24HLSKEY HAS IDATARDR.43 

,MPROVER VALIUEjIs2'5kiLSKEY9LSKEY) DATARDR.44 
NES=INT4(TMAX—T2EROIIDT+Is)/IS+2 DATARDR.45 
IF (NES*NES .GT. MANES) CALL ERR( 391t7t 6714 ARRAYS ESt US* VS jOODATARDR.46 
, SMALL FOR RE&UESTED NUMBER OF HISTORY POINTS' DATARDR.47 
, 4*295iiMAXEStRAXES92t3lNNES9MES'293HNES,NES'2t2HIS'IS) DATARDR.48 
1F (NEIS .G1. MAXESI) CALL ERR( 49112t17HARRAY 0 100 SMALL* DATARDR•49 

t 2t2t6HMAXES1tMAXESI$213liNEStNES) DATARDR.50 
IF (MESS .GT. MAXES21 CALL EkR( 5t1t7t69HARRAYS JESt IHISTt JHIST TDATARDR«51 

,DO SMALL (ALSO CHECK YHLt IPT IN —HISTPRT—)t292t6HMAXES21MAXES29 DATARDR•52 
, 29 3HME'S,MES)` DATARDR.53 
IF (KS .GT. 1DIMTS) CALL EPIC( 6t1t5t45HREGUESTED NUMBER OF SHAPSHODATARDR.54 

,TS EXCEEDS MAXIMUM9292t2NKStKSt2p6HIDInTStIDIMTS) DAT&ARDRs55 
RETURN DATARDR.56 

BATARDR957 
IilI FORMAT (1615) DATARDR.58 
In&" FORMAT 4111`111.5) DATARDRs59 
I o 3 FORMAT (161`'5.0) DAVAROR ®60 
164 FUEMAT (8(313%1X)) DATARDR®61 
11.5 FORMAT (4(6I3t1XFIIl.5)) DATARDR.62 
lob FORMAT (11,90AI0 DATARDR.63 

END DATARDR.64 
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SURR3UllNE DATAPRT DATAPRT•2 
C DATAPRT.3 
C PRINT INPUT DATA FOR THE HYDRODYNAMIC SUBMOOEL DATAPRT.4 
C DATAPRT.5 
C EXTERNALS REFERENCED DATAPRT.6 
C PRTl DATAPRT.? 
C PRT2 DATAPKT•8 
C PRT3 DATAPRT•9 
C ERR DATAPRT*lo 
C EXTERNALS CONTAINING REFERENCLS UATAPRT•ll 
C LSWAVE (MAIN PROGRAM) DATAPRT.12 
C DATAPRT•13 

COMMON C(135':)tE(135U)- 9EHCISC, (G)tH(135U)tHT(1350)tH2U1135(1) 9  //•2 
A H2V(135(1)9U(135i?)tUN(1350)tV(1350)tVN(1350) //•3 

COMMON /DATA / D(201)1))tCDtCMANN9CEUIDCONVtDTtDX9UYtEMAXtGt / DATA/r2 
A FIWEIRII9 ) 9HWEIRJ (9)tTMAXtTS( 21)tTZER09UMAX9ZO9 / DATA/.3 
B IC•1CC9IENV9IHIST(5()91LR(293)9 I0B(4)9IPLTF9 /DATA/.4 
C IIOB(4)9I20B(4)9IStISP9IWEIR(9)911WEIR(9)9I2WEIR(9)1 /DATA/.5 
D JHIST(51j)tJOB(4)tJlOB(4)9J2OB(4)tJWEIR(9)td1WEIR(9)9 /DATA/.6 

w E J2WEIP49)9LSEtLSKEY9LSUttIIMEStMO89MWEIR9N9NEStNOB9NWEIR /DATA/,7 
COMMON /SIMU/ CC9CDTDXICDTDX5♦CDTDY9CDTbYb9CD29CTMRtC3XIC3Y9 /SIMU/•2 

A DTOX91)TOX51DTDY 9 DTDY5tDXDT29OXOT2C90X590YDT29DYDT2C9DY59 /SIMU/w3 
B GDTDXtGDTDYtG59HWEI1911WEI29HWEJ19HWEJ29IEStITS(21)*JEIS(50)t /SIMU/•4 
C KESIKSIKTt MAX CP9 MAXCPMt MAX CPNtMSINStPI90TtT / SI4U/•5 
REAL NUM(11)) DATAPRT.17 
DIMENSION 00( 2110 0) 9D1(2000 DATAPRT918 
EQUIVALENCE ( D09C) 11019Eli) DATAPRT919 
DATA NUM/1HA91I1 1 9 1 1-12 9 11-13 9 1H491H591ti6t1H7t1H891H9/ OATAPRT.20 

C DATAPRT•21 
PRINT 902 OATAPRT•22 
CALL PRT1(291HM9Mt5942HT(,TAL NUMBER OF GPID POINTS 1N X—D'IRECTION)DATAPRT•23 
CALL PRTI(291HK9N95942HT(JTAL NUMBER OF GRID POINTS IN Y—DIRECTION)OATAPRT.24 
CALL PRTI(29'JHMOBtMOBt5949HNUMBER OF OPEN BOUNDARY SEGMENTS N)RMALDATAPRT•25 

I TO X—AXIS) DATAPRT•26 
CALL PRTI(29 301108 9 1401195 9 49H~;UMBER OF OPEN BOUNDARY SEGMENTS NDRMALDATAPRT•27 

-9 TO Y—AXIS) DATAPRT928 
CALL PRT1(295HPiWEIktMWEIRt493914NUMBER OF DAM SEGMENTS NORMAL TO X—DATAPRT•29 
•AXIS) DATAPRT•30 

13 



CALL F'ltT1(2951,INwEIReNWt-llil4e391iNUMBER OF DAM SEGMENTS NORMAL TO Y—DATAPRT.31 
eAXIS) DATAFRT.32 
IF (IC•EO•") CALL FkTl(2e2HICeICs3%27H=> CONVECTIVE TERM EXCLUDEIJ)DATAFRT.33 
IF (IC•NE•r,) CALL Pl(Tl(292HICsICt3,274A=> CONVECTIVE TERM INCLUDED)DATAPRT.34 
IF (ICC.EQ.(1) CALL PRTI42e3HICCtICCj3j29H => CONTINUITY EQUATION LIDATAPRT.35 

eNLAK) DATAPRTs36 
IF l ICC•NE -,0) CALL PRTIt2' 31iICCjICCj4 j 3311=> CONTINUITY EQUATION NODATAPRTe37 

$ N—LI NEAR ) DATAPRT.38 
CALL PRII( le`.IITZER09TZEROw 392411BEGI1JNING TIFif (SC C(,NDS) 1 DATAPRTs39 
CALL PRT1(It4HTMAX*TMAX'3j21HENDING TIME (SECONDS)) DATAFRTs4L 
CALL Fl(lI(1s2HDT9DTv2.19HTJHf STEP (SECONDS)) DATAPRTe41 
CALL PRT1(1v2HDxfjDx*3'27HGRID SPACING IN X—DIRECTION) DATAPRT•42 
CALL PRT1(le2HDYsDY93j27HGRID SPACING IN Y—DIRECTION) DATAPRT*43 
CALL PRTI(le5HOCONVIDCONV03e2HHCONVERSION FACTOR FOR DEPTHS) DATAPRT.44 
IF IZG.EGaII.) CALL PRTIIl•2HZO9ZUs4e39H=> INPUT GRID IN DEPTHS* NODATAF'RTe45 

91 ELEVATIONS) DATAPRT.46 
IF (Z(1•Nt *Ue) CALL PRTI4It2HZ0*Z0ip3e25HINITIAL SURFACE ELEVATION) DATAPRT.47 
CALL PRT1(1.5HCMAtiNtCMANVs392911MANN-IVG ROUGHNESS COEFFICIENT) DATAPRTe48 

w CALL PRTl(1s3HCED♦ CEU1 7 1 66tICOUFFICIENT Of ENERGY DISSIPATIO4 AT PADATAPRTe49 
eRTIALLY REFLECTIVE lifjUhDARY) ' DATAPRTsSU 
CALL PRT1(1.2HCDeCDv4'381i0ISCHARGE COEFFICIENT FOR WEIR FORMULA) DATAPkTe51 
CALL PRTI(1*1H696v 3t26HGRAVITATIONAL ACCELERATION) DATAPRTe52 
PRINT 913 DATAPRTe53 
IF (4ES•EQa0) CALL fRT1f213NMfSjMESj4.35H=> ONLV OVERTOPPING HISTOATAPRTe54 

e01(Y STORED) DATAPRTs55 

IF (fl[8*NE•6) CALL PRT112131IMESlMESe5g47FiNUMBLR OF POINTS FOR WHICDATAPRTs56 
oil HISTORIES ARE STORED) DATAPRT•57 
CALL PRTl(2v2HISjIS'5950HNUMBER OF TIME STEPS BETWEEN STORED HISTODATAPRTe58 
eRY VALUES) DATAPRTe59 
1L=1 DATAPRT.6G 
IF IL=U DATAPRT.6l 
IF (lL•EO.,j) CALL PfiTI(2e31IISPfi ISP94.3111(UNUSEU — NO HISTORIES PhIOATAFRTsb2 

'NIED)) DATAPRT963 
IF (IL•Nf• s) CALL PRTll2'3HISPeISP%6*60HISP*IS = NUMBER OF TIME STDATAPRT.64 
eLPv 3LTiELh PRINTED HISTLRY VALUES) OATAPRTs65 
IF (ILR(lel)eE0,0) CALL NO PLOTDATAPRT•66 

eS (IF ;;UkFACE ELEVATION HISTORIES) DATAPRTs67 
IF ((ILI((Iel)eilf&0)4ANDe/ILR(lel).NEe2)) CALL PRT1(29bHI.LR(1'1)t DATAPRTe6b 

l4 
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I ILR(1.1)•5.49H=> HALF PAGE PLOTS OF SURFACE ELEVATION HISTORIES) DATAFRT.69 
IF (ILk(1.1)*EG*2) CALL PKT142.6HILR(ltl)v1LR(111)95.49H=> FULL FADATAPRT*711 
•GE PLOTS OF SURFACE ELEVATION HISTORIES) DA•TAPRT*71 
IF (ILk42.1)*EN*p) CALL Pf;T1(2.8HILR(2.1)9ILRf2.1)95.42.1i=> SURFACEDATAPRT*72 
• ELEVATION HISTORIES NOT PKIPITEDI DATAPRT*73 
IF (ILR(291)*NE*P.) CALL PRTI(2.8HILRf2•l)•ILR(291)94.381i=> SURFACEDATAPRT*74 
• ELEVATION HISTURIES PRINTED) DATAPRT*75 
IF (ILR(1.2)•E0.II)• CALL T'RT112•8HILR(1.2)•ILR(1.2)94.33H=> NO PLOTDATAPRT*76 
•S OF VELOCITY HISTORIES) DATAPRT*77 
IF ('(ILR(1.2)*P)E*D)*ANDo(ILR(1.2)*NE*2)) CALL PRT1(298HIL..R(112)9 DATAPRT*78 
• ILR(1 ►2)94.4GH=> HALF PAGE PLOTS OF VELOCITY HISTORIES) DATAPRT*79 
IF (ILR(1.21 *EW.2) CALL PRT1(298HILR41.2)9ILR(112)•494CH=> FULL PADATAPRT*86 
•GE PLOTS OF VELOCITY HISTORIES) DATAPRT*81 
IF fILR(2.2)*E0o0) CALL PRTI(2.8HILR42.2)9ILR(2.2)94.33H=> VELOCITDATAPRT*82 
•Y HISTORIES NOT PRINTED) DATAPRT*83 
IF (ILR1292)*NE *n) CALL PRTl(20HILR4292)•ILR(2.2)•3.29H=> VELOCITDATAPRT*84 
•Y HISTORIES PRINTED) DATAPRT*85 
IF (ILRf1•3).EQo0) CALL PRTI(2.8HILR(1.3)9ILRI193)•4.39H=> NO PLOTDATAPRT*R6 
• OF OVER— TOPPING RATE HISTORY) DATAPRT*87 

w IF t(ILR(1.3)*NE*0)*AND*(IL'R(l•3)*NE*2)) CALL PRT112.8HIL.R(1.3)9 DATAPRT*'88 
co • ILR(l93)95.46H=> HALF PAGE PLOT OF OVER--TOPPING RATE HISTORY) DATAPRT*89 

IF (ILP,11.3)*Efl*2) CALL PRT1(2.8HILR(1.3)9ILR(lt3)95.46H=> FULL PADATAPRT*90 
•GE PLOT OF OVER—TOPPING RATE HISTORY) DATAPRT*91 
IF (ILRl2t31*ECG*fl) CALL PRTI(2.8HILR(293)9ILRI2.3)94.35H=> OVER—TADATAPRT*92 

•PPING HISTORY NOT PRINTED) DATAPRT*93 
IF (ILR(293)%Nfen) CALL. PRTI(2.8HILR(2.3)9ILR(.293)•4.31H=> OVER—TODATAPRT*94 

•PPING HISTORY PRINTED) DATAPRT*95 
IL=1 DATAPRT*96 
IF f(LSE*EQ*()*AVD*(LSUsEO*G)) IL=I1 DATAPRT*97 
IF (IL*EO*C') CALL PRT1(2.2ilKS9KS93.23H(UNUSED — NO SNAPSHOTS)) DATAPRT*98 
IF (IL*NE**)) CALL PRT1f2.2HKS9KS•4♦38Hf!UHBER OF SNAPSHOTS SPLCIFIEDATAPRT*99 
•D IN TSl*)) OATAPRT9106 
IF ELSE*EQ*0) CALL F'RTll2.3HLSEgLSE•4.36H=> NO SNAPSHOTS OF SURFACDATAPRT*101 

•E ELEVATION) DATAPRT*102 
IF (LSFoEQ*1) CALL PRTll2.3HLSE•LSE97.69H=> SNAPSHOTS OF SURFACE EDATAPRT*103 
•LEVATION PPINTED FOR SFECIFIED TIMES (TS(*))) DATAPRT*104 
IF (LSU*EQ,*D) CALL F`RTl(2.3HLSU•LSU93.27H=> NO SNAPSHOTS OF VELOCIOATAPRT*105 
•TY) DATAPRT*lb6 
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.A 
0 

IFl (0(K) .NLo ;!a) VI( K)=Z(j—D(K) DATAf RT•l45 
13 Df)(K)=DO(K)*[:CCNV DATAPRT*146 

CALL PNT2(Uti,N,M,5HDEPTH) DATAPRT*147 
2:.. CONTINUE DATAPRT.148 

MN0W=h0H+N0B+MWEIR+NWEIR DATAPRT•149 
PRINT 901 DATAPRT.150 
NLP=0 DATAPRT.151 
IF (MNOW *EQ* b) GOTO UP DATAPRT*152 
IF (MOB•E(1.Q) GOTO 30 DATAFRT•153 
14LP=NLP*8+MOP DATAPRT*154 
PRINT 904 DATAPRT•155 
PRINT 906 GATAPRT.156 
DD 25 K=19MVB OATAPRT.157 
PRINT 9079K9IOP(K),J108(K),J208(K) DATAPRT9158 

25 IF (Jl08(K)sGT*J208(K)) CALL ERR( 7919494f=HJ10B(K) MUST NOT BE GREUATAPPT•159 
,ATLR THAf4 J2UB(K)9392,1HK9K92t7HJ10B(K),J].OB(K)1297HU208(K), DATAPRT.160 

J20B(K)) DATAPRT*161 
3') IF INOB.EG*O) GOTO 4P DATAPRT•162 

NLP=NLP+B+NOL DATAPRT.163 
PRINT 905 DATAPRT•164 
PRINT 938 DATAPRT•165 
DO 35 K=19NUP DATAPRT*166 
PRINT 997,K9J0fj(K) ♦IIOBIK),12OB(K) DATAPRT.167 

35 IF (I106(K)#GT*I20P(K)) CALL ERR( 8,1,4,4tHIIOB(K) MUST NOT BE GREDATAPRT*168 
,ATER THAN J20B(K)939291HK,KV217HI10B(K)91108(K),2,7HI20B(K)9 DATAPRT•169 
I20B(K)) DATAPRT*170 

40 1F f,4WEIP.*E0wf0 GOTO 50 DATAPRT*171 
NLP=NLP+P+MWEIR DATAPRT9172 
PRINT 909 DATAPRT.l73 
PRINT 911 DATAPRT•174 
DO 45 K=1,MWE.IR  DATAPRT•175 
FRINT 997,K,IWEIR(K),J1WEI,R(K)9J2WEIR(K),HWEIRICK) DATAPRT•176 

45 IF (JIWEIR(K)•GT.J2W'EIR(K)) CALL ERR( 9,195,44HJ1WEIR(Kk MUST NOT DATAPRT•177 
9BE GREATER THAN J2WEIR(K),39291HK,K,2,9HJ1WEIR(K•),JlMEIR(K), DATAPRT.178 
, 2,9HJ2WEIR(K)9J2WEIR(K)) OATAPRT•179 

59 IF (NWEIR.ER*0) GOTO 6n BATAPRT.180 
f4LP=NLP+B+NWE I R DATAPRT • 181 
PRINT 910 DATAPRT.182 
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PRINT 912 AATAPRT*103 
DO 55 K=19NWCIR DATAPRToIB4 
PRINT 9679KI JWEIR(K)9IlW•EIRtK)9 I2UEIRIKItHWEiRJlK) DATAPRT*ib5 

5~ IF (IlWEIR(K )*6T*I26iEIP. IK)) CALL ERR118919594011WEIR(K ) MUST NOT DATAPRT*186 
9 bE GifATER TAHN AATAPRT*lb7 
9 2 v9rl I2WfI*lK ) v12UfIR (M AATAPRT*188 

bU CONTINUE. DATAPRT9169 
DO 7C K=19KNM AATAPRT*190 
D1(K)=1N+ OATAPRT*191 
IF (DOAK) *EO* 0*) U1(K)=14iD DATAPRT*192 
IF (DG(K) *LT* 0*1 QATAPRT*i93 

70 CONTINUE AATAPRT*194 
IF (°SNOW *E0& Cl) GOTO 112 DATAPRT*195 
IF 440b *Eta* 0) GOTO, 80 DATAPRT*196 
DO 75 K=19MOH OATAPRT*197 
1=108(x) DATAPRT*198 
JJl=J1O8(K) DATAPRT*199 
JJ6=J20b(K) DATAPRT*20U 
DO 75 J=JJ19JJ2 DATAPRT*201 
IJ=(I-1)+N+J DATAPRT*202 

75 D l (IJ) =1FI;; DATAPRT *203 
afi IF 0108 .Eta* 0) GOTO 90 DATAPRT*204 

00 85 K=19 NGU DATAPRT*205 
J=.IOH(K) DATAPRT*206 
111=110[i(K)  DATAPRT *207 
112=120b(K) DATAPRT*208 
BO 85 1=111*112 DATAPRT*219 
IJ=II-1)*N+J DATAPRT*216 

ts5 01(IJ)=1H= DATAPRT*211 
alt, 1F ( 4WE1R *LG* J) GUTO 100 DATAPRT*212 

00 95 Kzl*PWEIR DATAPRT*213 
1=IWEIR(K) DATA4jRT*214 
JJ 1=J 1WE IR (K ) AATAPRT *215 
JJ2=J2WEIR(K) (DATAPRT*216 
06 95 J=JJl*JJ2 DATAPRT*217 
IJ=(I-1)•N*J bATAPRT*21(i 

y: DItIJ)=1H/ DATAPRT*219 
14;+ IF (WEIR *EU• 0) 60TO 110 DATAPRT*220 
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926 FORMAT 4/24H " NEAREST 'TIME STEPS/) DATAPRT.297 
927 FOHMAT 0(818X141)) DATAPRTo298 
928 FORMAT (/3211 -- ACTUAL TIMES FOR SNAPSHOTS /) DATAPRT.299 

E N 0 DATAPRT.30U 

N 

,A 
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C 
C 

C 
C 
C 
C 

I-, 
X:1 
u, 

SUBROUTINE INITIAL (HAP gMPtNF) INITIAL*2 
INITIAL.3 

INITIALIZATION PRIOR TO SIMULATION I14ITIAL94 
INITIAL•5 

EXTERNALS REFERENCED INITIAL96 
1TL1 INITIAL•7 
EkK INITIAL•e 

LXTERNALS CONTAINING REFERENCES INITIAL•9 
LSWAVE (MAIN PROGRAM) INITIALa10 

TNITIALoll 
COUIMON C(135Is) tEt 135A) tEH(1300) tHt 1350) tHTt 135011tt12U/ 1350) /J *2 

A H2V(1350)tU(1350-)tUNll350)tV(1356)tVN(1350f 1103 
COMMON /DATA/ 0(2060)tCDVCFIANNtCEDtDCOt4V9DTtDXtDYSEMAX'G' /DATA/s2 

A titiElkI(9)tHWEIRJ(9)tTMAXtTS(21)tTZEROtUMAXtZOt JDATA/•3 
6 ICtICCtIENV9IHIST(5n)91LR(293)9I08(4)tIPLTFt )DATA/•4 
C 1101(419 120844)tlStISPslWLIRt9)tIlUEIR(9)l1.2WEaRl9)1 /DATA/®5 
D JH1ST(5J)tJ08(4)tJIG844)9J20U(4)9J6EIR49)tJiWEIR491' /DATA /a6 
L J2WLlk(9)'LSEtLSKEYtLSUlMtMESt MOU/MWEIRtNtNEStNOUwNWEIR /DATA/e7 
COMMON ISEGMI /SEGM/•2 

A MHt30j)t N8t30U) /SEGM/.3 
COMMON )SIWJ CCtCDTDXtCDTDX5tCDTOY'COTDY59CD2'CTMR'C3X9C3Ys /SIMU1•2 

A DTDXtDTDX5tDTDYtDTDV5tDXDT290XDT2C9DX5tBYDT2'DVDT2C$DY5' /SIMU /03 
d C,DTDX*GUTUYtG5tliUEll9tlkEI2tHWEJ1'H4EJ2'IESsI'TS(21)*JES(50)® /SIMU104 
C KESI KSt KT t MAXCPtMAXCPHIMAXCPN tMSINStPItQTtT /SIMU/•5 
COMMON IHIST/ ES(2500)tUS(2560)tVS(2506)tQ(500-)tSS(500) IHIST/s2 
CGMMUN )DIMS/ MAXESt MAXESIt11AXES2t1DIMD9lDIME'IDIMEtttID1M08t /DIMS /02 

A I0IMTSO IDIMWE /DIMS/•3 
DIMENSION MAP(MP,NP) INITIAL®18 
DIMENSION 00(2000) INITIAL*19 
EQUIVALENCE (Oij*C) INITIAL'20 
LOGICAL START INITIAL021 
DATA PI/3*141592654/ INITIAL®22 

INITIAL923 
lif tEiMINE DEPTH INITIAL 9 24 

INITIAL.25 
IF tZ ►l &Ely. 0s) GOTO 13211 INITIAL*26 
KNM=11*M INITIAL.27 
DO 1Glu K=19KtJM INITIALo26 

22 



ON 

I f 41'I IF (D(K) *NE. J o ) DfK)=Zn—VtK) 
1- 2;1 CONTINUE 

c 

C DETERVINE COMPUTATIONAL SEGFENTS AND 
C 5ET UP MAP FOR COMPUTATIONAL POINTS 
C 

DO 111.1 J=1 9N 
DO 11141 I=1-0 

III;) MAP(I ► J) =n 

IJ=MS=Ns=11 
DO 1261 I=19M 
,qTART=.FALSE. 
DO 1253 J=1♦ N 
IJ=IJ+l 
IF (START) COTO 1210 
IF (D(IJ)) 124191250♦ l20n 

12!17 tlS=MS+1 
IF (( I •E0 I).OR.( 1 40#M,,)*OR•(JoLQ•1) * OR.IJ•EQ.N)) 

♦ (19 Ili ♦4.2♦11-11 ♦ I ♦2♦1HJ► do2♦ IHtl♦ M♦2♦1 HM♦ tJ) 
MAP(19J)=l 
MAP(I-10-1)=1 
MAP(1-1♦ J)=1 
MAP( I•J-1)=1 
MAP( I+1iJ-1)=1 
4AP(I+19 J)=l 
IK (MS )=I 
J1(MS)=J 
START=•TRUEo 
GOTO 125G 

121 IF (D(IJ) •GT• U.) COTO 123E 
J2(MS)=J-1 
IF (J2(MS) iEU* Jl (MS)) MS=MS-1 
START=.FALSE, 

1235 MAP(1— .190=1 
MAP(I+19 J) =1 

124-0 MAP(I ► J)=1 
1251.1 CONTINUE 

IF (START) CALL. ERR(2291-PO911i ♦492 9l1JI •I ♦2♦1HJ♦ J♦2♦2HIJ♦ IJ♦  

INITIAL.29 
INITIAL.36 
I4ITIAL.31 
INITIAL932 
INITIAL•33 
INITIAL.34 
INITIAL.35 
INITIAL.36 
INITIAL•37 
INITIAL93P 
INITIAL•39 
INITIAL.46 
IVITIAL.41 
INITIAL•42 
INITIAL•43 
INITIAL944 
IVITIAL.45 
INITIAL.46 
INITIAL.47 
INITIAL•48 
I NI T I AL.49 
INITIAL.50 
INITIAL.51 
INITIAL.52 
INITIAL•53 
INITIAL•54 
INITIAL.55 
INITIAL•56 
IVITIAL•57 
INITIAL.56 
INITIAL.59 
INITIAL•60 
INITIAL.61 
INITIAL.62 
INITIAL.63 
INITIAL.64 
INITIAL.65 
IVITIAL.66 

CALL ERR (21♦ 1! 

t 

23 



N 
~P 

INITIAL®67 
INIIIAL.68. 
INITIAL.69 
INIIIAL•70 
INITIAL971 
INITIAL02 
INITIAL.73 
I NIT IAL•74 
I4I1IAL®75 
INITIAL06 
INITIAL®77 
INITIAL976 
INITIAL.79 
INITIALe80 
INITIAL.81 
INITIAL®82 
INITIALob3 
INITIAL•84 
INITIAL®85 
INITIAL•86 
INITIAL.67 
INITIAL®`88 
I41TIAL•89 
INITIAL*9U 
INITIAL•91 
INITIALs92 
INITIAL®93 
INITIAL®94 
INITIAL.95 
INIT1ALt96 
INITIAL®97 
INITIAL.98 
I MITI AL *99 
INITIAL®lUQ 
INITIAL®1G1 
INITIAL®I((2 
INI TIALolli3 
INIIIAL.IC4 

I It5W)(IJ)1DtIJ8) 
126li cOVTI NU% 

HAXCPli=1 
DO 1295 I=1tM 
DO 1295 J~ItN 
IF (.MAP(1tJ) sfUo 01 GOTO 1295 
I.IAXCPM=MAXCPMA 1 
MAi-(1 tJ)=MA X CPfi 

1295 CONTINUE 
If tMAXCPM ,(iT. IDIMEN ) CALL EIIR ( 23119011H t2t2t6HMAX CPMtMAXCPMt 

1 2 1 6liIDIHEFI 9  1DIMfit) 
r1AXCP=MAXCPM+1 
MA XCPN;:MAXCPMAN 
IF (MAXCPN + GT. IDIME) CALL ERRl24tIvGvI1 t292t6NMAXCPNtMAXCP4t 

1 2151-II0I14E 0 I01ME ) 
DO 1366 I=1tMAXCPM 

13 6,j D(i(I) =0e 
UU 1471 J=I I N 
STARTr-*FALSE. 
IJ=J 
Do 146c I=1tli 
IF (START) 6010 1425 
IF (D(1J)) 145(,1145511400 

14 11 1 NS=NS +1 
If t(I •EO.1)sOR•II.EG~M)«Qk.(JaEQ.l).QRsIJ ® E®®N?I CALL ERk(25t1t 

1 oslii t4t2t1NIti12t1NJtJt2tlfitioM121111NttJ) 
JH (NS )=J 
II(NS)=1 
START=.TRUE. 
60TO 1456 

1425 IF (U(IJ) „(iT• fl•) GOTO 115U 
12(NS)=I-1 
IF t12(LS) .E(J• I1(NS)) 14SZLS-1 
ST ART=.FALSE 
IF (0(IJ) .UGi Ur) GOTO 1455 

14 Oil(MAP(ItJ)I=0(IJ1 
1455 IJ=IJ'.N 
146.) CCINTINOE 

24 
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00 

IF (START) CALL FRK(26-oltf`elH t4v2v1Hlvl • 2ipIHJvJv2v2HIJvIJs 
• 1.5HD(IJ)9D(IJ)) 

14 711 CONTINUE 
DO 1500 K=MAXCPM9MAYCPN 

151, r 1)(N,) =0. 
DO 151.15 K=1~MAXCPM 

1515 D(K)=D0(K)*DCONV 
DU 1545 K=11MES 
JFS(K)=MAP(lHIST(K)9JHIST(K)) 

1545 CONTINUE 
C 
C DEIERMINF_ TYPE OF BOUNDARY FOR ENDS OF EACH COMP SEGMENT 
C 

DO 1575 I=19MS 
1575 MB(I)=11 

DO 158P 1=19NS 
15811 NR(I)=11 

DO 173a) K=1,MS 
I=IK(K) 
JIK=J1(K) 
J2K=J2 (K ) 
IF t(J1K .EO. 1) .(aR. 02K .EO* N)) CALL ERR(27919091H 969 

r 2.1tfN,t492.3HJIKvJIKt2 ,#3tiJ2K'J2Kt2ip2iiMSiMS • 292HNS P NS92 9 1HI*I 
IF ViAF ( l pJ1K-1) .E0# 11) MAF ( 19J1K-1)=MAXCP 
IF (hiAP4I1J2K+1) .EO, (1) MAP(ltJ2K+1)=MAXCP 
IF (4WEIR .L(a. U) GOTO 168(1  
DO 1,675 K9=1•IJWEIR 
IF ((IlWEIR(K9) .6T. I) .OR. (I2WEIR(K9) •LT. I)) GOTO 1615 
IF (JWEIR(K9) .EO. J2K) GOTO 16.65 
IF (JWEIR(K9) .NE. JIK) GOTV 1675 
Mb(K)=M8(K)+411 
HWFJ1=tfWFIRJ(K9) 
GOTO 1675 

1665 r,8(K)=Mb(K)44     
HWFJ2=HWEIlW(K9) 

16 *V CONTINUE 
1681' IF (NOB .EO. 0) GOTO 17AO 

DO 1725 K9=19NOH 

I4ITIAL.105 
INITIAL.lp6 
INITIAL.107 
INITIAL.108 
IVITIAL•109 
INITIAL.111. 
INITIAL9111 
INITIAL.112 
INITIAL•113 
INITIAL9114 
INITIAL•115 
INITIAL.116 
INITIAL•117 
INITIAL.118 
INITIAL9119 
INITIAL.120 
INITIAL.121 
INITIAL.122 
INITIAL.123 
INITIAL•124 
INITIAL.125 
INITIAL•l26 
INITIAL.127 
INITIAL.128 
INITIAL.129 
INITIAL•130 
I4ITIAL.131 
INITIAL.132 
INITIAL.133 
INITIAL.134 
INiTIAL.135 
I4ITIAL.136 
INITIAL.137 
INITIAL•138 
INITIAL9139 
INITIAL.140 
INITIAL.141 
INITIAL.142 

29 
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IF ((IIdb ( K9) .GT. I) .OR. (12GH (K9) sLT. 1)) GOTO 1125 INITIAL.143 
IF (JOH(K!)) •EC+. J2K ) G010 1720 INITIAL.144 
1F (JUH(K9) *N[ o JIK) GOTO 1725 INITIALe145 
Mb(K) = t1H(K)—Ib INITIAL.146 
GOTO 1725 INITIALa147 

172U M8(K)=MH(K1-1 INITIAL.148 
1725 CONTINUE INITIALe149 
173 ►1 CONTINUE INITIAL'150 

INITIAL.151 
UO 1b85 K~IjNS INITIAL.152 
J=JK(K) INITIAL.153 
IIK=I1(K) INITIAL.154 
I2K=I2(K) INITIAL•155 
IF ((I1K .EQ. 1-) .(JR • ( I2K *I Q * M)) CALL ERR(2891#011H •6t INITIAL.156 

I 2 9 1tiNtNe2.3HilK9llK '2s3H12Ke12K92S2NMS'MS12r211NSINSw2wIHIjlI) INITIAL.157 
IF 14AF(I1K-19J) *IQ* 6) MAP(IIK-19J)=MAXCP INITIAL•158 
IF (MAP(12K#1vJ) .EO. 61 HAP(12K+1iJ)=MAXCP INITIAL•159 
IF (MWEIR .Ew. 0) GOTO 1635 INITIAL9160 
110 1830 K9= IsMWEIR INITIAL.161 
IF ((JIWEIR(K9) .GT. J) .0R.'(J2NEIR(K91 .LT. J)) GOTO 1830 INITIAL.162 
IF (IWEIR(K9) .Ea. I2K) GOTU 1620 INITIAL•163 
IF (IWEIR (K9) «NE. I1K) G O T() 1833 INITIAL•164 
V8(K)=N8(K)#4fi INITIAL.165 
HWEII=HWEIRI(K9) INITIAL•166 
6010 163C INITIAL.167 

Ib2ei (40(K)=N6(K) 4 INITIAL.l68 
HWCI2=HWEIRI(K9) INITIAL.169 

Ig341 CONTINUE INITIAL•176 
1835 IF (MUH .Efl. 0) GOTO 1865 INITIALs171 

00 Id8P K9=19M0® INITIAL.172 
IF 4(JI`H(K9) aGT ® J) •OR, (J20H(K91 •LT. J)) GOTO 1880 INITIAL.173 
1F (I,Ub(K9) .E(+. 1,2K) GOTO lb75 INITIAL.174 
IF (I06(K9) .(d E.. lIK) GOTO 1880 INITIAL•175 
NH(K)=NH(K)-1C INITIAE.176 
G 0 T 0 lbH 11 INITIAL.177 

1875 NH(K)=Nti(K)-1 INITIAL.176 
]t.8 t C0hTINUf INITIAL.179 
1'48!. C0hTINUE INITIALs160 

26 



19211 

1931 1 
1935 

1961) 

H 
cn 
0 

19711 
C 
C 
C 
1975 

201!'1 

202'1 

2113:1 

214'1 

IF (MOB .E(do (1) GOTC1  
DO 1930 K=1PMOH 
I = T U B ( K ) 
IF (J10B(K) 0E!). 1) 
IF (MA1(I•J108(K)-1) 
IF (J20B(K) •Eno N) 
IF (MAP4I9J2(jd(K)+1) 
CONTINUE 
IF (NOB *EQ* P) GOTO 
DO 1970 K=10408 
J=JUB(K) 
IF (110H(K) oEOo 1) 
IF (MAP(Il0B(K)-1vJ) 
IF (I20B(K) 0EQ. M) 
IF (MAP(I208(K)+19 J) 
CONTINUE 

INITIAL VALUES 

CONTINUE 
KES=<T=0 
IES=KS=1 
01=00 
T=T7EN0 
DO 2010 K= IvHAXCPN 
E(K)=00 
DO 211211 K=19MAXCPM 
IF (D(K) oLT, f1.) f(K)=—D(K) 
DO 2930 K=19MAXCPM 
EH(K)=Go 
DO 21140 I=I -PNES 
SS(I)=tl. 
0(I)=00 
DO 21OU K=19MAXCPN 
kl2U(K)=0• 
H2V(K)=11. 
O(K)=[l0 

UN(K)=Cs  

I4.ITIAL0181 
INITIAL01P2 
INITIAL9183 
INITIAL0184 
IVITIAL.IB5 
INITIALolP6 
INITIAL.187 
INITIAL0188 
INITIAL0189 
INITIAL0190 
INITIAL0191 
I4ITIAL0192 
I4ITIAL9193 
INITIAL9194 
INITIALo195 
INITIAL0196 
INITIAL0197 
IVITIAL.198 
INITIALo199 
INITIAL02n6 
INITIALo2f11 
INITIALo2G2 
INITIALo2V3 
INITIAL.2(14 
INITIAL.2n5 
INITIAL02L6 
I41TIAL.207 
INITIAL9218 
INITIALo2G9 
IUITIAL0210 
INITIALo211 
TNITIAL0212 
INITIALo213 
INITIAL9214 
INITIAL9215 
INITIALo216 
INITIALo217 
INI TIAL *218 

1935 

GOTO 1920 
*EQ* 0 MAP(19J1OBlK)-1)=MAXCP 
GOTO 1930 

of0o 0) MAP(I♦ J2OHIK)+1)=MAXCP 

1975 

GOTO 1 9f G 
.fQ• V) MAP(J1QB(K)-19J)=MAXCP 

GOTO 1970 
*EQ* C) MAP(I20B(K)+19J)=MAXCP 

27 



aln 

V(Kl=ile INITIAL*219 
VN(K)=0. INITIAL*223 
H(K)=D(K) *(lK) IYITIAL.221 
HT(K)=HIK) _ INITIAL.222 
Coll II NUE INITIAL.223 
UTDX=GT/DX INITIAL•224 
DTUY=UT/DY 1NITIAL.225 
DX012=(DX }DX)/DT INITIAL.226 
DYDT2= (DY *.nY) /DT INITIAL •227 
CUTDA=DTDX*IC INITIAL.228 
CUTDX5=CDTU1(*o.5 141TIAL.229 
CDTDY=DTDY *IC INITIAL.230 
CUTDY5=CDTDY*0*5 INITIAL.231 
C3X=SGRT(G*(165) *DTDX INITIAL.232 
C3V=SGkT(G*'.5)*UTDV INITIAL.233 
IF (CO .LE. (3.) CD=3.33 IVITIAL.234 
CO2=CD*CD INITIAL.235 
DTDX5=(1TUX*4*5 INITIAL.236 
DTDYS=DTDY*0.•5 INITIAL.237 
DX5=DX*J.5 INITIAL•238 
DY5=DY*(1.5 INITIAL«239 
CALL ITLI(h)WEIR'IWEIRtJIWEIFl9J2WEIR,IIWEIRiJWEIRIIIUEIR9I2WEIRo INITIAL.240 

A UX5) INITIAL.241 
CALL ITLI(NUElii*JWEIR'IIWEIR912WEIR*14WEIR9IWEIR,JIWEI,RtJ2WEIR' INITIAL.242 

A DY5) INITIAL.24;S 
vDTDX=DTDX *G INITIAL®244 
GDIDY=DTDY *G INITIAL*245 

INITIAL.246 
INITIAL.247 

DO 22diA J=lsMAYCF N INITIAL•248 
C(J)=AMAX1(D(J)0+l*Il**T9 INITIAL.249 
T9=1.48b/CMAf1N INI TIAL.250 
1F (G .LT. 2U.) 1`9=19/CHANN I-NITIAL.251 
IF (G .UT. 9,-j6.) T9=U.320IiCf•1AhN INITIAL.252 
cC=T9*T9*2 a/(G *DT} INITIAL.253 
DJ 22`.i;l J-19liAkCPN INITIAL.254 
C(J)=C(J)*CC INITIAL.255 
cIml<=CED*CLU-1. INITIAL®256 

2100 

H 
Ln 
H 

22;1il 

2 "1 5  



F' 
Ul 
N 

DXDf2C=DXDT2*CFD 
DYDT2C=DYDT2*CED 
RFIURN 
CND 

INITIAL*257 
INITIAL *258 
INITIAL.259 
INITIAL.26q 
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SUbKOUIII,lf_ INITFOR(KAP/MPtNF) INITFOR*2 
C INITFOR 63 
C READ' PRIM , AND INITIALIZE DATA FOR FORCED LANDSLIDE INITFOR *4 
C INITFOR *5 
C EXTERNALS REFERENCED INITFOR *6 
C LANDSLO IMITFOR*7 
C SLDI INITFOR68 
C PRTI INITFOR*9 
c PkT5 INITFOR910 
C EKft INITFOR *11 
C SIN (CDC LIBRARY) INITFOR•12 
C COS (CDC LIBRARY) INITFOR013 
C EXIERNALS CONTAINING REFERENCES INITFOR*14 
C L(S►JAVE (MAIN PROGRAM) INITFOR61-65 
c INITFOR ®16 
c INITFOR*17 

C ** LIZ;I OF INPUI VARIABLES FOR FORCED LANDSLIDE MODEL $*VARFOR*3 

C VARFOR*5 ul 
Li c TITLF(*) SEVENTY CHARACTER SUBTITLE PRINTED WIl" SLIDE DATA VARFOR*6 

C h S L NUMBER OF SLICES IN LANDSL IOf VAItFGR*7 
C NXII NUMBER OF HEIG`ITS SPECIFIED FOR FACH SLICE VARFOR#13 
c NTV NUMBER OF VELOCITIES SPECIFIEDa FOR EACH SLICE VARFOR*9 
C HSl► B NUMLER OF SUBDIVISIONS PER GRID ELEMENT IN THE VARFURaid 
C X-DIRECIION FOR LANDSLIDE CALCULATIONS VARFOR*ll 
C PILUB NUMBER OF SUBDIVISIONS PER GRID ELEMENT IN THE VAI(FOR*12 
C Y-UIKECTIOW FOR LANDSLIDE CALCULATIONS VARFOR*13 
C ThEIA FORWARD DIRLCTION Of SLIDE (DEGREES COUNTERCLOCKOISE VARFUR*14 
c Ff=OM X-AXIS) VARFOR *15 
C USL klDTH OF SLIDE (DISTANCE UNITS) VARFOR*16 
C X(i X-COORDINATE 161110 UNITS9 NOT DISTANCE) OF RIGHT VARFOR*17 
C LEADING CURNEK OF SLIDE (-RIGIfT- IS DETERMINED AS IF VARFOR*lb 
C FACING IN THE I;IRECTION OF FORWARD MOTION) VIIRFOR*19 
c YO Y-CCURDINATE OF FIGHT LEADING CORNER Of SLIDE VARFGR*26 
c CDF' Pf ESSURE DRAG COEFFICIENT (DEFAULTS TO n # 6 IF *LT* (f # ) VA6460*21 
C CUV VISCUU15 DRAG COEFFICIENT (DEFAULTS TO 0*006 IF *LT# 0*)VAkFOR*22 
c ISLCVV FACIUR 10 CONVERT TSL(*) TO SECONDS VARFOR*23 

3U 



C 

C 

C 
C 
C 

H 
u, 

VSLCNV FACTOR TO CONVERT VSL(*) TO APPROPRIATE UNITS VARFOR924 
XSL(*) LOCATIONS WHERE SLIDE HEIGHT IS SPECIFIED (DISTANCES VARF()P*25 

FPUM LEADING EDGE) VARFOR*26 
HSL(ItJ) HEIGHT OF SLICE J AT DISTANCE XSL(I) FROM LEADING EDGE VARFOR*27 
TSE.(*) TIMES AT VHICH SLIDE VELOCTIY IS SPECIFIED VARFOR*28 
VSL(ItJ) VELOCITY OF SLICE J AT TIME TSL(I) VARFOR.29 

VAkFOR*30 
COMMON C(135(t)9E(135:))tEH(13OC)tH(1350)tHT(1350)9H2U(135011 //02 

A H2V(1350)tU(1350)tUh(1350)tV(1350)tVN(1350) //*3 
COMMON / DATA/ D(2(I('t!)tCDtCMANNtCE09000NVtDTPDXtDYtEMAX169 / DATA/o2 

A FiWEIRI (9) tH~rEIRJ ( 9)tTMAXtTS( 21)tTZEEtOtUMAXtZ (lt /DATA/*3 
8 ICt1CCtIENVtIHIST ( 50)9ILR ( 293)tIUE3( 4)9IPLTFt / DATA/94 
C IIUB( 4)tIc"08 ( 4)tIStIS(' tIWEIR ( 9)tIIWEIR (9)t12WEIR (9)t /DATA/*5 
U JEIIST(5(~)*JOB ( 4)tJ1OB ( 4)9J2O8 ( 4)tJWEIR49)tJ1WEIR(9)9 /DATA/*6 
E J2WF. I(t(9)tLSEiLSKEY-PLSUsMtMEStMOB-ph'WEIRiNtNESiNOBoNWEIR / DATA/97 

COMMON /SIMU / CC•CDTUXtCDTUX59COTOYiPCDTUY59CD29CTMRtC3X9C3Yt / SIMU/.2 
A DTDX90TDX59DTDYtOTDY59DXUT290XDT2CtD*5tDYDT2tQYDT2CtDY59 /SIMiU/*3 
8 GDTUXvGDTOYi G59kiWElI t Hi► U'I29Hk1EJ1vHWEJ2tIES91T S(21) tJES( 50)9 /SIMU/.4 
C KcStKStKTtMAXCPtMAXCPMtMAXCPNtMStNStPItOTtT /SIMU/*5 
COMMON /HIST/ E.S(2506)tUS(250O)gVS(2500$*P (5G0)•SS(5Pu) ./HIST/*2 
COMMON /DSLD/ NSL•MSLtt)XHiNTVt1iSUHtNSUBeTHETAtCOSTsSINT• /DSLD/*2 

A WSLoOSE.t XOt YOtCDPtCDV ♦ SGSLtAK,PHI*FRIC'TITLE(7)9 /DSLD/*3 
B XSL ( 1 ,11)tTSLIIOI)*HSL (101910) tVSL ( IOltlu ) / DSLD/*4 

COMMON /SLD1/ NSP(10)ttlKSPtIKSP(5(IG1tJKSF(500)$XSN(10)%WSNt1(I)t /SLD1/*2 
A MAiNAtOXAtDYAtDXUXAtDYDXAtDXDYAtDYDYAtAMNtMNA9I-TVtLSMAX(10)e /SLD1/.3 
H XA(25ui;+) /SLD1/*4 

COMMON /SLD2/ XSP(50J)tLSP(500) /SLD2/*2 
COMMON /ISL03/ HS(1350)tHSN(135(!)*VSA(1350)91CV(135U)tICVN(1350) /SLD3/*2 
COMMON /SUEF/ KDEF(1n)tADEF(l0)•VDEF(10) /SDEF/*2 
DIMENSION MAP(MPtNP) IYITFOR*28 
REAL NUM(1192) 14ITFOR*29 
LOGICAL NOSLID INITFOR*30 
DIMENSION Z(2fiill) INITFOR*31 
EQUIVALENCE (ZtES) INITFOR*32 
INTEGER IDEF(20)tKDEFtA. DEFtVDEF INITEUR*33 
REAL RDEF(2R) IVITFOR*34 
EQUIVALENCE (;IVFFtNSL •) t(RDEFtNSL ) INITFOR935 
LOGICAL NODEF INITFOR*36 

31 
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CALL F'RT1(1192HXO,XP98,72HY-COC,RDINAIE OF RIGHT LEADING COM4 
,SLIDE (GRID UNITS, NOT DISTANCE)) 
CALL PRT1(llt21lYUoYC'96956HY-CCORDINATE OF RIGHT LEADING CORNER 

,SLIDE (GRID UNITS)) 
CALL PRTI(11931iCDP,CDP,392FHPRFSSURE DRAG COEFFICIENT') 
CALL PRTI( ll13HCDVICDV93924FIVISCOUS DRAG COEFFICIENT) 
CALL PRTI(1196HfSLCNViTSLCNV,4,35HFACTOR TO CONVERT TSL(*) TO 

9NDS) 
CALL PRTI(1.196HVSLCNV9VSLCNV95945HFACTUR TO CONVERT VSL(*) TO 
90PRIATE UNITS) 

C 
C SET DEFAULT VALUES FOR SLIDE DATA 
C 

VOEF(1)=LSMAX(5) 
VOEF(2)=LSMAX(5) 
NODEF = •TRUE* 
NLP=24 , 
DO 25 1=192 
K=KDEF(I) 

rn IF ((IDEF(K) *GT9 9 *AND* (IDEF(K) *LE-* .LSMAX(5)•)) GOTO 25 
IF (NODEF) PRINT 914 
NODEF = *FALSE * 
NLP=VLF'+ 1 
IDEF(K)=VDEF(I) 
CALL PRTI(129A0FF(I),IDEF(K)t0) 

2.5 CONTINUE 
DO 30 I=394 
K=KDEF(I) 
IF (ROFF(K) *GE* 00 GOTO 30 
IF (NODEF) PRINT 914 
NODEF = •FALSE * 
NI.P=VLF+1 
IDEF(K)=VDEF(I) 
CALL PKTl(119ADEF(I)9IDEF(K)90) 

3! CONTINUE. 
IF t•NOT* NOUEF) NLP=NLP+8 

C 
NLP=NLP+H+NXH 

OF IVITFOR*75 
IPITFOR*76 

OF INITFOR*77 
I4ITFOR*78 
INITFUR*79 
INITFUR*80 

SECOINITFOR*81 
I4ITFOR*82 

APPRINITFUR*83 
INITFOR*84 
INITFOR*85 
INITFUR *86 
IVITFOR*87 
14]TFOR*88 
INITFUR*89 
INITFOR*90 
INITFUR*91 
IVITFOR*92 
I4ITFOR*93 
IVITFOR*94 
INITFUR*95 
INITFOR *96 
INITFOR*97 
INITFOR*98 
INITFOR*99 
INITFOR*100 
IVITFOR*101 
14ITFOR*102 
INITFOR*103 
INITFUR*1014 
INITFOR*105 
I4ITFOR*106 
I4ITFOR*107 
INITFOR *10:8 
INITFUR*109 
INITFOR*110 
INITFUR*111 
I4ITFOR*112 
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COST=COS(THETA) INITFOR«151 
.31 MT= SIN( THETA) INITFOR.152 
nSL=,ISL/NSL INITFOR*153 
XU=X)*DX INITFOR9154 
YO=Y)*DY INITFOR•155 
cDV=C4V *n «5 INITFOR«156 
CDF'= CUP* 0«5 INITF OR* 157 
MA=MSUb INITFOR.158 
NA=NSUH IVITFUR•159 
DXA=DX/MA IVITFOR•160 
DYA=DY/NA INITFOR*161 
GXDXA=DXA*COST INITFOR.162 
bYDXA=VXA*(-SINT) INITFOR«163 
DXDYA=PYA*SINT INITFOR•164 
UYDYA=DYA *CDST I NI TFOR «165 
APP1=1 ./ (MA *NA) I NI TFOR «166 
MN A=M A*1JA INITFOR.167 

C INITFOR.168 
DO 7(l K=19NSL INITFOR «169 

u, DO 60 1=291,.TV INITFUR..170 
00 6"1 X'SN(K)=XSN(K)+(VSL( ItK)+VSL(I-19K))*(TSLl1, )=TSL(I-1)) INITFOR.171 

Il XEN(K)=XSN(K)*P•5 INITFOR«172 
C INITFOR•173 

MSL=LSMAX(2)/NSL I4ITFUR.174 
LSMAX(11=MSL INITFOR9175 
CALL SLD1(1"AFttitNtXSPtLSPOtISLtNSL) INITFOR«176 
DO 77 K=1tNSL I4ITFOR«177 

77 XSN(K)=o« I4ITF0R«17[i 
C INITFOR«179 

I JZ=n INITFOR «180 
DO 80 I=1911 INITFOR«181 
DO 80 J=1tN INITFOR«182 
IJZ=IJZ+1 INITFOR*183 
IJ=MAP(19J) INITFOR•184 
Z(IJZ)=1H INITFOR.185 
IF lIJ «LE. P) GOIO 80 INITFOR.186 
IF (1J *GE* MAXCP) 60TO 00 14ITFOR«187 
IF (U(TJ) or-To 0«) Z(IJZ)=1H+ INITFOR.188 
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H 
U, 

8 a CONTI NUF 
NOSLID=,TRUE 
00 9b K=1 t t+SL 
NSPK=NSP (K ) 
IF (VSi'K *LU* 0) GUTU 90 
NOLL I[#;-- *F A LSE * 
DO 85 I=1914SPK 
J=(K-1)*MSLtl 
L=LS? (J) 
IJZ=(1KSP(L)—l)*N3JKSP(Lf 
ZIJZ=Z(IJI) 
JSYB=2 
IF (XSP(J) *GIs — XSL(1)I JSVB=1 
ISYB=K 
IF (ZIJZ *NE* IH+) ISYB=11 

85 Z(1JZ)=NUM(ISYB®4SYB) 
9a CON fINUE 

.NLP=VLP+18+M 
IF (NLP *LE.* 631 6010 95 
NLP=18+M 
PRINT 927 

95 PRINT 930 
CALL PRT5(Z9N9M) 
IF VJOSLIU) CALL Eitk(519196w54HLANDSLIOE TRACK CROSSES NO 

91ONAL GRID ELEMENTS) 
J: 

CUMPUTE INITIAL SUBMERGED DEPTH OF LANDSLIDE 

CALL LAtJDSLD(MAP%MjNIXSFsLSF0MSLOSL) 
Du 1.JD K=1*NKSF 
I=IKSP(KI 
J=JKSP(K) 
IJ=MAP(IoJ) 
IF (D(IJ) *LT* G*) E(IJ)=—D/IJ) 
IF (D( IJ) *GE. u*) E(IJlx0* 
ritIJ)=tiTCIJ)=D(IJ)+E(IJ) 

100 CONT1NUL 
RE TUP%N  

INITF3R*189 
INITFOR*19u 
INIIFOR*191 
INITFOR*192 
INITFOR.193 
INITFOR*194 
INITFOR*195 
INITFOR*196 
I41ITFOR*197 
INITFOR*198 
INITFOR*I99 
INITFOR*2110 
INITFOR*201 
INITFUR*202 
INITFOR*203 
INITFOho204 
INITFOR *205 
INITFOR*206 
INITFOR*207 
INITFORs268 
TNITFOR*209 
INITFOR*210 
INITFOR*211 

COMPUTATINITFOR*212 
INITFOR *213 
INITFOR*214 
IMITFOR*215 
INITFOR*2l6 
INITFOR*217 
INITFOR*21d 
INITFOR*219 
I4ITFOR9220 
I4I1F3R*221 
INITFOR*222 
INITFOR*223 
INITFOR*224 
IMITFGh*225 
14ITFOR*226 
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N 
rn 
0 

f I-IITFOR •227 
9 0 2 FUF,MAT (1615) INITFOR922P 
943 FORMAT 48FIn.5) INITFOR•229 
911 FORMAT 0 H1r5(1H-)•l8H FORCED LANDSLIDE 9109(IH-)) 14ITFOR.•23( 
912 FORMAT (3(/)91X8Al0) IVITFOR•231 
913 FORMAT (3(/)•]1X8HVARIABLE •E.,X5HVALUE•11X11HDESCRIPTION INITFOR.232 

A /i1Xt3c1H-)•6xtillH-),fiXBntiH-)/) INITFOR•233 
914 FORMAT (3(/)•40f DEFAULT VALUES SET FOR THE FOLLOWING INPUT • I4ITFOR9234 

A 9HVARIABLES//]lX8HVARIABLF•6X5IiVALUF/i1XB(IH-)96XB(1H-)/) INITFOR.235 
921 FORMAT 13(/)9431.1 HEIGHT FKCFILE (FUNCTION OF DISTANCE FROM INITFOR.236 

A 13HLEADING FOOL) INITFOR•237 
B // llxlhl96XSHUISTANCE•7X28HHElUKT (HSLtI•J)•J=1•NSL) -- IVITFOR•238 
C /NX7HI= 19NXH94XEIIXSLII)94XIO18) INITFOR.239 

92.2 FORMAT 43(/)•36H VELOCITY PFCIFILE (FUNCTION OF TIME)) INITFOR.240 
923 FOKMAT (/I1X1HI•BX,4HTIt'iE•9X3(IIVELOCITY (VSL(I•J}•J=l•NSL) -- INITF0R•241 

A /BX7HI= 19NTV•4X6HTSL(;J)•4Xl+ilB) I4ITFOR•242 
924 FORMAT 4l UX12.4XF1693.6Xl0(lXF7o3)) INITFOR.243 
92', FORMAT (3(/)9 1PH VELOCITY FROFILE • INITFORs244 

A 33HAFTER APPLYING CONVERSION FACTOPS) INITFOR•245 
92.6 FORMAT (1H ) INITFOR•24E 
927 FUK'1AT (1H1) I1IITFOR•247 
93o FORMAT (3(/)•41H PLOT OF SLIDE PATH ON COMPUTATIONAL GRID INITFOR.248 

A //5X53H1• 29 ... - GRID ELEMENT CROSSED BY A SIN6LE SLICE 9IN► ITFUR*249 
B 24H (DIGIT IS SLICE NUMBER) INITFOR925P 
C /5X52HA• B• ..o - GRID ELEMENT INITIALLY UNDER A SINGLE • INITFOR.251 
D 54HSLICE (LETTERS CORRESPOND TO SLICE NUMBER• A=1• ETC•) INITFOR.252 
E /l3x51H/ - GRID ELEMENT CROSSED BYi OR INITIALLY. UNDERS I INITFOR.253 
F 18HTWO OR MORE SLICES INITFOR•254 
6 /13X45H+ - COMPUTATIONAL ELEMENT NOT IN SLIDE PATH I'4ITFOR.255 
H /7x231i(HLANKT - DRY ELEMENT//) INITFOR•256 

FND INITFOR•257 
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SUHRUUTINE INITNAT(l1AP IMP •NF) I4I1N~T•2 
C INITNAT•3 
C READ, FKIN1' AHD INITIALL2E DATA FOR NATURAL LANDSLIDE INITNAT•4 
C INITNAT•5 
C LXTERNALS REFERENCED INITNAT•b 
C LANDSLD INITNAT•7 
C SLD1 INITNAT•8 
C SL02 INITNAT•9 
C %L03 INITNAT.IL  
C SLO4 INITNAT•11 
c FRT1 INITNAT912 
C PRTS INITNAT•13 
C ERR TNITNAT•14 
C SIN (CDC LIBRARY) 1141TNAT•15 
C COS (CDC LIBRARY) INITNAT•16 
C EXTERNALS CONTAINING REFERENCES INITNAT•17 
C LSWAVE (MAIN PROGRAM) INITNAT•lb 
C INITNAT•19 
C INITNAT•26 

N C t+rttrttt•ttttr► t~arrtt + rtr~tetttttrttttttt~, tttrttttttat~ttatatttt +rtrltttt ,tVARNAT •2 

N C LIST OF INPUT VATIABLES FOR NATURAL LANDSLIDE MODEL t$VARNAT•3 
C .tt•tttt~+r+t:t#*+rr.tttttt*ttttttrt.tttttt+*tt*tt.tt*t,etttttt,~•*~t*tr~tVARNAT ®4 
C VARNAT•5 
C TITLE(+) SEVENTY CHARACTER SUBTITLE PRINTED WLTH SLIDE DATA VARNAT•6 
C NSL 4UNUSED) VARNAT•? 
C NX11 NUMBER OF HEIGHTS SPECIFIED FOR EACH SLICE VARNAT•i! 
C NTV (UNUSED) VARNAT•9 
C MSUB NUMBER Of SUBDIVISION& PER GRID ELEMENT IN THE VARNAT•ld 
C X-DIRECTION FOR LANDSLIDE CALCULATIONS VAF%NAT+11 
C NSUB NUMBER Of SUbOIVISIONS PER GRID ELEMENT IN THE VARNAT•12 
C Y—DIRECTION FOR LANDSLIDE CALCULATIONS VARNAT•13 
C THETA FORWARD DIRECTIO& OF SLIDE (DEGREES COUNTERCLOCKWISE VARNATe14 
C FROM X—AXIS) VARNAT•15 
C WSL b~IDIH OF SLIDE (DISTANCE UNITS) VARNAT•16 
C xu X—CUOZDINATE (GRID UNITS• NOT DISTANCE-) OF RIGHT VARNAT®17 
C LEADI'N6 CURNER Of SLIDE C—RIGHT— IS DETERMINED AS IF VARNAT®18 
C FACING IN THE DIRECTION OF FORWARD MI)TION) VARNAT•19 
C Yu Y-COLADINATE OF RIGHT LEADING CORNER OF SLIDE VARNAT•20 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

rn 
N 

CDP PFESSURE DRAG COEFFICIENT (DEFAULTS TO 0*8 IF oLT. 0*) VARNA7.21 
CDV VISCOJS DRAG COEFFICIENT (DEFAULTS TO Oon08 IF .LT. 09)VARNAT.22 
SGSL SPECIFIC GRAVITY OF SLIDE (DEFAULTS TO 1*7 1F •LT. 1)•) VARNAT•23 
AK AODED MASS COEFFICIENT (DEFAULTS TO 6#2 IF .LT. 00 VAINAT.24 
PHI FRICTION ANGLE (DEGREES) (DEFAULTS TO IGo IF .LT. 00 VARNAT*25 
XSL(k) LUCATIO14S WHEF(E SLIDE HEIGHT IS SFECIFIED (DISTANCES VARNAT.2.6 

FROM LEADING EDGE) ` VARNAT.27 
114SL(I) HEIGHT VF SLIDE AT DISTANCE XSL(I) FROM LEADING EDGE VARNAT.2b 

(tiSL*VSL SHOULD REPRESENT THE CROSS—SECTIONAL AREA) VARNAT.29 
VARNAT.30 

COMMON C(1350)♦E(1350)♦EH(1300)♦H(I350)♦HT('135UI♦H2Ut135P)♦ //.2 
A H2V(1350)'U(1350)♦UN(1350)♦V(1350)rVN(1356) //•3 
COMMON /DATA/ D(2,0!)(i) ♦CD ♦ChIANN ♦CED ♦ DCONV ♦ DT ♦ DX ♦ DY ♦EMAX969 /DATA /92 

A HWEIRI(9)911WEIRJ(9)♦ TMAX♦ T:S(21)oTZERO♦UMAX♦ZO9 /DATA/*3 

B IC 9.ICC9IENV9IHIST(50)9ILR(2♦3) 9IOB(4)9IPLTFs /DATA/.4 
C IIOB(4)♦ I2UB(4)♦IS♦15P♦ IWEIR(9)9I1WE.IR(9)912WEIR(9)9 /DATA/.5 
0 JHIST(50),JOB(4)♦J10B14)9J2OB(4)♦JWEIR(9)♦JIWEIR(19)♦ /DATA/.6 
E J2WEIR19)♦LSE ♦LSKEY♦LSU♦M♦MES♦ MOB ♦MWEIR ♦ N♦NES♦NOB♦NWEIR /DATA/.7 
COMMON /SbMU/ CC♦ COTDX ♦CDTDX5♦CDTDYvCDTDY59CO29CTMR9C3X9C3Y9 /SIMU/•2 

A DTDX ♦DTDX59UTDY♦DTDY5♦DXDT290XDT2C9DX59DYDT29DYDT2C♦DY59 /SIMU/.3 
B GDIDX ♦GDTDY♦ G59HWEI1♦'HL'f129HWEJl♦ klWEJ29IES♦ ITS(21)♦JES(50)9 /SIMU/.4 
C KESgKS♦KT♦MAXCP♦MAXCPM♦MAXCPN ♦MS♦ NS♦PI♦OT♦ T /SIMU/•5 
COMMON /HIST/ ES(25(10)gUS('25Ua)♦VS(2500)9O(560)9SS(500) /MIST/.2 
COMMON /DSLD/ NSL,IISLft.IXH♦ NTV♦MSUB♦ NSUB♦ THETAiCOST•SINT♦ /DSLD/.2 

A W,SL ♦DSL ♦ XOtYUgCDP•CDV ♦SGSL♦ AK♦PHI ♦FRIC♦ TITLE(7)9 /DSLD/*3 
B XSL(101)♦TSLIIGI )♦HSL(101910)♦VSLIIPlold) /DSLD/.4 

COMMON /ISLD1/ tJSP(11)♦NKSP•IKSP1501)♦ JKSF(50n)♦XSN(10)♦ VSt4(1(1)9 /SLD1/.2 
A MA 9 NA 9DXA♦DYA9DXDXA♦ DYDXA♦DX0YA♦DYDYA♦AMNvMNA9ITV♦LSMAX(10)9 /SLD1/.3 
N XA(25,.)0) /SLD1/•4 
COMMON /SLD2/ XSP(5G0)9LSP(5(,0) /SLO2/92 

COMMON /SL[13/ HS(135(1)♦HSN(13511)♦VSA(1350)9ICV(1351)9ICVN(1350) /SLD3/•2 
COMMON /SDEF/ KDEF0n)♦ADEF(10)9VOEF(10) /SDEF/.2 
DIMENSION MAP(MP♦ NP) INITNAT.31 
REAL NUM(1192) 14ITNAT•32 
LOGICAL NOSLID INITNAT.33 
DIMENSION Z(20011) INITNAT•34 
EWUIVALENCE (Z♦ES) INITNAT•35 
INTEGER IDEF (21)) ♦KVEF ♦ADEF ♦VDEF INI THAT •36 
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REAL RULf(26) INITNATp37 
EQUIVALENCE (IDEF,NSL),IRDf.F/NSL) INITNAT®38 
LUGICAL NUDEF INITNAT®39 
ALINEARlx9X29XlsY29Y1•)=Y1t(X—X1)•(Y2'-Ylld(X2—X11 INITNATe411 
DATA INITNATs41 

1NA,1HB,1HC,iNG,IhE'1HF~1HG~1HH,1HI.1HJ~1Hk/ I4ITNAT•42 
C INITNAT*43 
C 0 0 0 DATA STATChENTS INITIALIZING SLIDE VARIABLES ARE IN —IN,ITFOR— INITNAT944 
C INITNAT.45 

READ 902,NSLjNXHvNTV9MSUB,HSUB INITNAT.46 
NSL:;1 INIThAT.47 
I:Tv=u INITNAT.48 
READ 9fi3'TtsETA*WSL.,XU,YOsCVPjCDV INITNAT.49 
READ 903sSG4L, AK0?HI INITNATs50 
READ 903,(XSL41),I=1,NX11) INITNATs51 
00 10 J=19NSL INITNAT.52 

1.; READ 9(?3,(I1SLll,J),I=1jhXh) INITNAT.53 
C INITNATr54 

FRINT 911 INITrIAT.5b 
PRINT 91291ITLE INITNAT,56 

W PRINT 913 
CAI.L OF HEIGHTS SPECIFIED Fog EACH SINITNATs56' 

INITNATs57 

INITNATs59 ,LICE) 
IN THINI7NAT960 CALL PRTI(294tiMSUB,MSUB'8,77liNUMBER DF SUBDIVISIONS PER GRID 

INITNAT.61 ,E X—DIRECTION FOR LANDSSLIDE CALCULATIONS) 
I°N THINITNAT®62 CALL PRT1(2'4HNSUB,NSUB,897711NUMBER OF SuRotVISLONS PE•R GRID 

INITNAT063 of Y—DIRECTION FOR LANDSLIDE CALCULATIONS) 
CALL F'14T1(Ile51IT11ETAtTEIETA96974HANGLE FROM X—AXIS TO FORWARD DIRECINITNAT.64 

,TIUN OF SLIDE (DEGREES COUNTERCLOCKWISE)) INITNAT.65 
CALL PHT1(11r3NWSL,4tSL,4,31NWIDTH OF SLIDE (DISTANCE UNITS)) INITNAT*66 
CALL 1'IiTI(1192NX09x(),8,721iX—COORDINATE OF RIGHT LEADING COINER OF INITNAT•67 

,SLIDE (GRID UNITS, NOT DISTANCE)) INITNAT•68 
CALL FVTI(11,2liY(J,Y095,45hV—COORDINATE OF RIGHT LEADING CORNER OF INI7NAT.69 

,SLIDE) INITNAT.)n 
CALL PIiT1(1193HCDP,CDP'3,25tiPRESSURE DRAG COEFFICIENT) INITNATe71 
CALL Pt;TI( 11,311CDV,CDV,3*24HVISCOUS DRAG COEFFICIENT) INITNAT.72 
CALL PRTI(11,4tISGSL,SGSL,3929HSPECIFIC 6RAVITY OF THE SLIDE) INITNAT0 3 
CALL F'tcTl(119211AK,AK,3,22HADDED MASS COEFFICIENT) INITNAT.74 
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C 
C 
C 

H 
61 

C 

c 
c 

CALL PRT1(11.311PHIrPHI93124HFFICTION ANGLE (DEGREES)) INITNAT.75 
INITNAT.76 

SET DEFAULT VALUES FOR SLIDE DATA INITNAT.77 
IVITMAT.7b 

VDEF(1)=LSMAX(5) IVITNAT.79 
VDEF(2)=LSMAX(5) I.NITNAT.80 
UDE_F=,TRUE. I4ITNAT.81 
NLP=23 INITNAT.82 
DO 21j 1=192 INITNAT.e3 
K=KDEF(I) INITNAT.84 
IF ((1DEF(K) .GT. 3) *AND* (IDEF(K) .LE. LSMAX(5)-)) GOTO 20 INITNAT.85 
IF (NODLF) PRINT 914 I4ITNAT.86 
tJODEF=.FALSE. INITNAT 087 
RILP=VLP+ l INI THAT .88 
IOE.F(K)=VDEF( l) INITNAT989 
CALL PP,T1(129ADEF(I)9IDEFIK )g0) INITNAT.9G 

2"',  CONTINUE I4ITNAT.91 
DO 25 1=397 INITNAT.92 
K=KDEF ( I, ) INITNAT•93 
IF (RDEF(K) .GE. 00 GOTO 25 INITNAT.94 
IF (NODEF) PRINT 914 INITNAT•95 
NO(?EF=•FALSE • I4ITNAT.96 
Nl_P=4LF+1 IVITNAT.97 
IUEF(K)=VDEF(I) INITNAT.98 
CALL PRT1(11sADEF(I)9IDEF(K)vQ) INITNAT999 

25 CONTINUE INITNAT•100 
IF (*NOT* NCDEF) NLP=NLP+B INITNAT.101 

INITNAT*102 
t]LF=NLP+(i+tJXH INITNAT.103 
IF (VLP .LE:. 631 GOTO 38 'INITNAToln4 
NLP=B+NXH INITNAT.105 
PRINT 927 INITNAT.106 

3P PRINT 921 INITNAT.167 
PRINT 926 INITNAT.108 
DO Al 1=1~NXH INITNAT.I09 

4'! PRINT 924919XSL(I)•(HSL.(19J),J=19NSL) INITNAT.ilCo 
INITNAT.ill 
INITNAT.112 
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FHE. 1A=THETA*F I/ l8d s 
COST=CUS(THLTA) 
SINT=SIN( THE TA) 
DSL=u6L/NSL 
xu=xo*Ux 
YO=YU*DY 
CDF=cop*0*5 
COV=CUV*0*5 
MA=MSUEi 
NA=VSUB 
Dx A=3 X /MA 
nYA=DY/NA 
DXUXA =Dx A*COST 
UYDXA=nXA*(-SINT) 
UXDYA=DYA*SINT 
D Yf)YA=DYA*COST 
AMN=1 */(MA*IJA) 
L-',  KEY= 2 
MNA=MA*NA 

CALL SLD2 
CALL Sl..D3(ViAT',I1iN) 
CALL SLD4 

NLF'=VLF, +8+NTV 
IF (NLF &LE* 63) GOTO 42 
NLF'=B+NTV 
PRINT `127 

4', PItINY 922 
Fit 1NY 923 
PRINT 926 
DO 45 1=1, NTV r  

45 RR1N1 924,1,TSL(1),(VSL(Ili),J=1*t4SLI 

UO 7rl K=1,NSL 
DO 

6f'  1=2,NTV 
b.+ xSN(K)=xSN(K)+(VSL(I,K)*VSLII-1,K))*ITSL(1)-TSLII-1)) 
7; xSN4K)=XSN(K)*U*.i 

C 

c 

INITNAT *113 
IVITNAT*114 
INITNAT*115 
INIT14AT®116 
INITNAT*117 
IMITNAT*118 
IWITNAT*119 
INITNAT*11A 
INITI4AT.l21 
INITNAT*122 
INITNAT*123 
INITNAT*124 
INITNAT*125 
INITNAT®126 
INITNAT*127 
INITNAT.128 
INITNAT*129 
INITNAT*130 
INITNAT*131 
14ITNAT*132 
INITNAT*133 
INITIIAT+134 
INITN AT* 135 
INITNAT*l36 
INITNAT*137 
INITNAT *138 
INITNAT*139 
INIT14AT*140 
INIT14AT*141 
INITNAT*142 
INITNAT*143 
INI TN' AT*144 
INITNAT*145 
INITNAT*146 
INITNAT®147 
INITNAT*148 
INITNAT*149 
INITNAT*151) 
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ME 
ff 

C IV1TNAT *151 
MSL=LSMAX(2)/NSL I4ITNAT*152 
LSMAx ( 1)=MSL ANITNAT*153 
CALL SLD1(PIAPo ivNg)(SPiL.SPitiSL t NSL) INITNAT.l54 
DO 77 K=1stJSL INITNAT•155 

77 YSMK)=0 IIITNAT*156 
C INITNAT*157 

TJZ=O INITfJAT *158 
DO 81 1=19M INITNAT9159 
DO 80 J=1 9 N INITNAT * 160 
IJZ=IJZ+1 INITNAT*161 
IJ=MAF(I,J) INITNAT*162 
Z. ( IJZ) =1H INITNAT*163 
IF (.IJ *LE* C) GOT 8U INITNAT*164 
IF IIJ *GE* MAYCP) GOTO 8P INITNAT *165 
IF 40(ld) *FIF* U*) Z(IJZ)=1H+ INITNAT *166 

H0 CONTINUE INITNAT*167 
N0SLI D=•TRUE. INITNAT *168 
DO 99 K=19NSL INITNAT*169 
NSPK=NSP(K) INITNAT*170 
IF (NSPK *EA* 9-) Gl)TO 90 INITNAT*171 
NOSL1D=.FALSE. INITNAT*172 
DO 85 L=1tNSPK INITNAT*173 
.)=(K-1)*MSL+I INITNAT *174 
L=LSP(J) INITNAT*175 
IJZ_=(IKSP(L)-1)*N+JKSP(L) INITNAT*176 
ZIJZ=Z(IJZ) INITNAT*177 
JSYB=2 INITNAT*178 
IF (XSP(J) *GT* -XFL(1)) JSY6=1 INITNAT.179 

C*.* ISYB=K INITNAT*llib 
C*uo IF (Z_IJZ *iVE* 1H+) ISYP =1l INITNAT*18l 

ISY6=11 INITNAT*182 
R5 Z(IJZ)=fJUM(ISYE'JSYB) INITNAT*183 
9.) CUM IINUE I4ITNAT*184 

NLP=NLP+17+t1 I4ITNAT *185 
IF IMLP *LEr 63) GOTO 95 INITNAT*186 
fJLP=17 +M INITNAT*187 
PRINT 927 INITNAT*188 
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C 
C 
C 

H 
rn 
v 

9t, PRINT 93's INITi'JAT•1b9 
CALL P1<T5(ZgNjM) 141INATr191) 

IF (VOSLIG) CALL ERI((55gI*bj 541► LANDSLIDE TRACK CROSSES NO CUMPIUTATINITNAT0191 
91ONAL BRIO ELEMENTS) INITNAT•192 

INITNATs193 
COMPUTE INITIAL SUHMERbfD DEPTH OF LANDSLIDE INITNAT•194 

INITNAT•195 
CALL LANDSI_D(MAPoMINIXSP$LSPeMiSLINSL ) INITNAT•196 
DO I0,j K=1•NKSF INITHAT9197 
I=IKSP(K) INITNAT•19b 
J=JKSP(K) INITNAT•199 
IJ=MAP(1,J) I4ITNATo2EU 
IF (i)(TJI .LT• U•) E(IJ )=6-D4IJ) IyITNAT•201 
IF (D(IJ) .GE* G•) E(IJ)=0• INITNAT•2U2 
lit IJ)=III(1J1=D(IJ)ift1J1 INITNAT•2b3 

IUD CONTINUE INITNAT•2b4 
FETUhIJ INITNA1.•2115 

INITNAT•2G6 
9J2 FORMAT (16I5) INITNAT.207 
9ae3 FORMAT (8F10.5) INITIYATo20b 
`011 F'GRMAI (IH19511H—) 919H NATUFAL LANDSLIDE 9 108410-1-) INITNAT•209 
912 FUFMAT 113(/191XBA1.,) INITNAT•210 
913 FUPKAT (3(/) 9I1XBHVA14IABLEg fYbkiVALUE l liXIiHDESCRIIITI.ON INITNAT.211 

A /IIXES ( Ili—)96Xb(1H-1shybfi ( Ili—)/D I4ITNAT•212 
914 FORMAT 43(/)e44H OfFAULT VALULS SET FOR THE FOLLOWING INPUT INITNAT•213 

A 9t► VARIAF.ALES//IIXAHVAklABLFe6X5HVALUE/11X6(lti—)'6XB(IH—)/1 INITHAT•214 
921 FURMAI (3(/it43H HEIGHT PROFILE (FUNCTION OF bISTANCE FROM INITHAT•215. 

A 1311Lc:ADIN6 EDGE) INITNAT•216 
8 //11X11il t bXbH[;1STANCE97X6ttHElGliT INITNAT•217 
C /aX7HI=1'Pj'XHl4X6HXSI.(I)•8Y61itISL(I)/) IVITNAT•218 

922 FOI(MA I l3(/)s4 `H COMPUTED VFLOCITY PROFILE IFUNCTION OF TIME )) INITNATs219 
92~ FORMAT (/11YIHI98X4r1TIthiEt.9X'bHVLLOCITY INITNAT•22ii 

A /I,X711I=1lP:TV94X6HTSL(1)99X6HVSL(I)I) INITNAT•221 
i2 FORMAT INIINAT•222 
9' ► , FORMAT (111 D INITNATb223 

7 FOhI'iAT (11-11) INITNAT.224 
93 i F011HAT (3(/ ► ,4Ili PLOT Of SLIDE PATH GN COV-PUTATIONAL GRID INITNAT.225 

A //13X6911/ — Gk10 ELUMUNT CROSSED by THE SLIDE' INITNAT6226 
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F' 
rn 

FNo 

/13X44HX - 6PID ELEMENT INITIALLY UNDER THE SLIDE• 
/ 13X4tjH+ - CCnPUTAT ICNAL ELEMENT NOT IN SLIDE PATh 
/7Y2311(FLANK) - UP.Y ELEMUNT//) 

INITNAT,227 
INITNAT.22h 
INITNAT.229 
INITNAT.23V 

45 



6UlbK0UT1lUL INITFLT(HAPt PO4) INITFLTs2 
C INITFLT*3 
C MEAD AND PRINT DATA FOR FAULT INnUCED BOTTOM MOTIO14 I-IITFLT*4 
C RAISE WATEK SUKFACE FOR A hEIGHT OF OFLTt IN ONE SHOT INITFLT•5 
C INITFLT*6 
C LXTERNALE iiLFERENCED INITFLT*7 
C PRT5 INITFLT*b 
C EXTERNALS CONTAINING REFERENCES INITFLT®9 
c L~SWAVL EMAIN PROGRAM ) INITFLT.10 
C INITFLT•ll 
C 

C *+ LIST OF 114PUT VARIABLES FGR BOTTOM- FAULT MODEL **VARFLTs3 

C VARFLT*S 
C.' TITLE(*) SEVENTY CHARACTER SUBTITLE PRINTED WITH FAULT DATA VARFLT*6 
C FIt*) X-GRID CGORDINATES OF TWO POINTS OIL FAULT L114E VARFLT*7 
c DISPLACED REGION IS TO THE FIGHT OF THE LINE VARFLTob 
c (-KIGFIT- IS OETEFHINED AS IF STANDING AT  THE FIRST VARFLT.9 
c NOINTt FACING THE SECOND) VARFLT*10 

rn C Fd(*) Y-GKIO COORGINATE9 FOR THE TuO POINTS T)ESCRIBING VARFLT.11 
C THE FAULT LINE VARFL1*12 
c Of LT MAGNITUDE OF DISPLACEMENT VARFLT®13 
C INITFLT*13 

COMMON //•2 
A H2V(I,5fi)tU(135,!)tUN41350)tV(1350)tVN(135J) //183 

COMMON /DATA/ D(20!10)tCDtCFIANNsCEOtDCOrJVtDTtDXtD.YtEMAXtG9 /DATA/*2 
A HWEIRIIS)tFJwEIF?JE9ltTllAXtTS(211tTZEROtUMAYsZkJt /DATA/*3 
b IC t ICCtIENVoltilLT(5(1ItILR(2t3)tIOb(4)%IPLTFt /DATA/®4 
c /DATA/.5 
U /DATA/*6 
E J2WFII:(9)%LSEtLSKEYtLSUthttMESiViDbtMWEIRst4tNFStNOHtNWEIR /DATA/*7 

COMMON ISINU/ CCtC[ITUXtCDTDXStCDTDYtCDTDYbecD2tCTtifetC3XtC3Yt /SIMU/ * 2 
A DTDXtuTt)X5tDT[iYtDTDY5,tGXDT2tf)XDT2CtDX5tilYOT2tDYDT2C*DY5t /SIM1.1/*3 
b GDTDX t GDTDYtG fit i1Wflllii;EI2tHWE:J1tHwEJetIEStITS(21)$JES(5e1)t /SIMU/*4 
c KfS t K..,tKT91,1AXCPtF)AXCPI.isMAXCPNtMSt[4S9t'ItWTtI /SIMU/ * 5 

COMMON /HIS]/ /dIST/«2 
COMMON JOSLO/ NSLtP1SLtIJXHtE!TV thSUBoNSUBtT11ETAtCCISTtSI14Tt /DSLV/.2 

A i,,LtD%L t XOtYU,CDPtCDVtSGSLtAKtPfiliFF1CtTITLE(7)9 /DSLUI/03 
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C 

C 

B XSL(101)tTSLt1111I t61SL(101v10) vVSL(1P1t1(1) 
DIME_VSION MAP(MPtNP) 
U1ME481.ON FI(2)tFJ(2) 
DIMENSTON M000) 
EQUIVALENCE (ZtF_S) 

READ 91,)29(FI(K)tFJ4K)9K=1t2)tDFLT 
PRINT 911 
PRINT 912,1 TI T! f. 
PR INT 913 
PRINT 914t(K9FI(K?tFJ(K)tK=192) 
PRINT 9159 DFLT 
DFX=FI(2)-FI(1) 
GFY=FJ(2)—FJ(1) 
IJZ=R 
IF LT= 0 
DO 14 1=19M 
DO 1'J J=1 tIV 
IJZ=IJZ+1 
Z(IJZ)=lti 
IJ=MAP(.I+J) 
IF (IJ •LE« 0) GOTO 10 
IF (IJ .GE* MAXCP) GOTO 111 
1F M IJ) ,EQ+ 09) GOTO 10 
YF=(FI(1)—I)*DFY+(J—FJ(1))*DFX 
Z(IJZ)=I1i+ 
IF (YF .GT. n o ) GOTO 10 
Z(IJZ)=1NF 
IFLT=IFLT+l 
D(IJ)=D(IJ)—UFLT 
E(IJ)=EIIJ)+DFLT 

111 CONTINUE 
PRINT 916 
CALL PRT5(ZtNtM) 

LSKEY=1 
RETURN  

/DSLD/c4 
INIIFLT.19 
INITFLT.20 
INITFLT.21 
INITFLT.22 
INITFLT923 
I41TFLT•24 
INITFLT.25 
IVITFLT.26 
INITFLT927 
I NI TFLT.28 
INITFLT•29 
INITFLT•30 
INITFLT•31 
INITFLT.32 
INITFLT.33 
INITFLT.=4 
INITFLT.35 
INITFLT.36 
I4ITFLT.37 
INITFLT.38 
INITFLT•39 
INITFLT.411' 
IVITFLT.41 
INITFLT.42 
INITFLT.43 
INITFLT.44 
INITFLT945 
INITFLT.46 
IVITFLT.47 
INITFLT•48 
INITFLT.49 
IVITFLT.SG 
1NITFLT.51 
INITFLT•52 
INITFLT•53 
INITFLT.54 
IVITFLT•55 
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3. ? FIIV1`1AT (VF 1' +.e5) 
y1I F(jFMAT t 1111 lIF(-1 • 3 Ie PCTI( M I•VVI °(t'T HA Tr! FAULT 99 7(113—) ) 
912 F01r.1A1 ( 3t /)'AAI s) 

13 F1)KMAI tat/1e44H Pi°IkI' A.1.('Ire fA(1L1 1,1hf. ((,F i1,  CUOI.01HATFS) 
A //9Y1VIK0X5HFI(K)•(tY`+FJ(K)®) 

X34 F (11;HAT U)XI192(1sXF ,̀ +~!) ) 
31 E. F(ROAT (s.(/)•4111 FA(.PIT11f.E (F .T'sPl.1-.CfVf"PT rift.f = eF6 2) 

1 FORMAT (i(/)g2 11 FI(I (F CI II II'IfIPLI?ATI(,1, 
A /19y2''HF — C, I V1, ACf.0 11  ft. 10t! 
H /9X421!+ - C 0 V I UTA1I r AL RF1.)1W4 (P101 1)ISf'LACC01 
C /3X.At)H(ii,1.AHK) — 1,V1.t.t1•1,U1611iJAL R1.(,II)6t/I 

t r•I c) 

I'll TFLTo5t. 
1 ti* IIFLT.57 
IMIIFLI 5b 
INITFLIob" 
IVITFLT.t>l 
IV1TFLT.(a1 
1NITFLT.(:". 
IVITFLI E3 
1P)IIF L19(.,4 
1N1IFLI vfdf: 
14 11 F L T  .EeE 
I®41TFLT.t,7 0 

4P 



N 
N 

SUEROUTINE S It, ULAT0AFtFIF9fiF'•E`.;tUStVSt0tNESNthCSP SIMULAT92 
C SIIULAT*3 
C SIMULATE WAVE 1.ROPA6ATICN AVU F:ISSIFATICIV SlVULAT*4 
C SIVULAT.5 
C THIS IS ]HE CORE OF THE HYUF VOYNAMIC SUV (!FiEL SIMULAT.6 
C STMULAT97 
c EXTERNALS FEFERCNCLD SINULAT.A 
C FEEDBKII SIMOLAT•9 
C FEEDBKV SIMULAT.ln 
C L ANDSLD SaIMULAT e l l 
C SHOTPRT SIMULAT a12 
C SOKT (CDC 1-111RARY) SI4ULATe13 
C EXTERNALS CONTAINING REFEREP!CES STMULAT*14 
C L'S'WAVE ( MAIN PRO6RAM ) SIPLILAT ,15 
C SIMULAT•16 

COMMON C(1350)tE ( 1350 ) tEH(1301► ) tH(I3F.. ►))•NTt13`•i' )tH2U ( 13`L)t  
A H2V(135r1) tU( 135`9 9UNI134^) t V( 135(`)9VN( 1351, )  

COMMON IDATA/ F► (2090)t CDs CVANNICE09DCRNV9VTtDXtF► YIEMAXtUt1 /DATA/A2 
A HWEIRI.l9)tHWEIRJ ( 9)tTh, AXtTS(21)tTZERCtOt! AXtZ %1t / D A T A / * 3 
H ICtICC9IENV9IHIST ( 5f')9II. R(293)tl(1B ( 4)9IPLTFt / DATA/*4 
C I1.OBI4 ) tI2OBt4 ) tIStISF' tTl:klPl~+):Ilk`EIF(9)tI2k~EIR(`;)t /DATA/.5 
D JHI,ST(5n)0OB(4)tJ10F.(4)tJ200(4)tJtlFIR.(9)•Jlw'CIR(9)• /DATA/v6 
E J2WEIR(9)tLSEtLSKEYtLSUtMtMES• MOB OWE IRt NINE S•NOBtNPFIll /QATA/..7 

COMMON /SEGM/ /SEGM/42 
A MB(3011)tNb(3Q0 /SFG14/.3 

COMMON /SIMU/ CCtCOTI)XtCDTD)59CDTDY•CDTDY59CO29CTpIF''C'XtC3Y 9  /ST4U/.2 
A DTDYt0TOX5.OTOYthTDY5%CXUT2tnYLIT2C9OX5•DYIiT2t0Y012C•DY5• /SIMU/03 
B GDTOX •GDTOY • G5tt1WEI1tH4. FI2tHWEJltFlWEJ?SIE;tITS( 21)tJES(5i.► )• /SI MU/ `.4 
C KEStK'itKTtMA XCPtMAXCPP'ltFIAXCPNgtlStE:StFIsOTtT /SIN°U/.5 

COF-MON /11SL.D/ NSLtMSLot XHtPi'FVtMSUfist4SUt49TtlETAtCUST•SItlTt /DSLO/.2 
A WISLiUSLtXt.tYGtCCPtCUVtSGSL • AKIFHI •FftIC•TITLE ( 7)9 /D5LI)/m3 
H XSL(1 11)9TSL(111 1) /OSLO/ .4 

COO"N O N ISLDI/ NSP(I " )•t'KSFIIYSP ( 51111)1JKSP(51)')tXSN ( 1 V`Ih (1 /SLI)1 2 
A MA9NAtOYA•UYAVUYDXAtDYbYA9UXDYA•OYllYAtAf'N9HNAtITVtLSi',AX(1. t  /SLUT/G3 
B XA42` , i0) /SLOT 4 
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_{ L: : 114  U L A I 

4 17  T=I+aI Sll. 1-It1LAT~i'+ 

KT=KT+1 t:I LILAT m~ 63  
i SI LILAT 3 

C uPnAIE TVIIt. WATr"F ULPIH AI•L- f IrrIr1, COLFFICI`III F1HILAT«31 
UO 2355 K=lt`7AXCPN 4-'IMULAT#36 

x_',55 HT(K)=fi K)+f(K) S14ULAT03 

1F (1CC *L.() * et) GOTC; 2 ~9 SIvAULAT.,'>4 

fell 2365 K=191,iAXCPN `oIMULAI@3b 
?3Ft H(K)=HT(K) '~I _t11.1LAT•!f 

GI) 2385 K=1r'^.AXCPN SIMULAT *37 

4'85 C(K)=CC*AMAXI(II(K )t 1)*t1 333,a3 SIMULAT*af 
C0VTINur. !°14ULAT,3n 

C P10LILAT*4 1. 

C+e,4 LAtinSLIDE SIRIL.AT ®4) 

IF (.LSKEY *LQ* 2) CALL LAIhDvL1i(tIAPiMtt-a'XSPtLSPitISLINSL) SI4ULATr42 
C SIHUL:ATr43 

Co «r COMPUTE U SIMULAT*44 
IF (VS *EU s 01 GOTO 2810 SIMULAT .45 
DO 2795 K=1sNS SI4ULAT*4E, 
J=JK(K) SI4ULAT•47 

I1K=I1(K) _ SIMULAT.48 
12K=I2(K)-1 SIMULAT.49 
I9=MOD (Nfl(K)sIkl ) SIMULATrSr,  

IJ=MAP(12(K)tJ) SIMULAT®51 
I MJ=MAP S T2K'J ) SI4ULAT®52 

IF (19 *[Go 51 GOTO 2555 SIMULAT®53 
IF ((HT ( IMJ) *EQ * (is) rOPr (HT(IJ) *EQr Pol) GOTO 2595 SI14ULAT*54 
H2U(IJ )=( E(IMJ )—E(IJ))*S(IHT(HT(IMJ )+HT(IJ ))*C3X SIMULATr55 
GOTU 2595 SIMULATe56 

C SIMULAT957 
2555 T9=AMIN1(E(IJ)—HUE12'HT(IJ)) SIMULATr58 

IF (19 ,LE+ Pr) GOTO 2585 SIMULAT*59 
19=U(IM.I )*II(IMJ)*G5+ T9 SIMULATr60 
H2U(IJ)=SQRT(T9)*T9*CD2 SIMULAT*61 
UU11IJ)=H2.U(IJ)'/(H ( IJ)+H(IJ )) SIMULAT*62 
0(IES)=H2U(IJ)*DY5+N(IES) _ SIMULATr63 
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c 

C 

GQTO 2555 SIMULAT*64 
2 St-  H2ll ( IJ)=UIJ(IJ)=11 SIIMULAT•65 

SIMULAT*6(- 
9 i IJ=MAP(IIK-1 • J) SIMULAT*67 

TPJ=NAP(IlK,J) SIMULAT*68 
1F MAK) 49) GOTO SIMULA1*69 
I9=MAP(I1K+19J) SIMULAT*7C 
IF ((NT ( TPJ) *t.O* 'i*) oUR * WT(19) rEQv (i.)) GOTO 2675 SIMULAT*71 
t12LI(IJ )=(i(19)-F( IPJ)) *SGRT(HT ( 19)+11T (' IF'J))*C3X SI4ULAT*72 
GOTO 2675 SIMULAT.73 

SIMULAT *74 
2E 3!; T9=A41N1 ( E(IPJ )-H l' FIlvhT ( IPJ)) SIMULAT*75 

IF ( T 9 *LE, C v ) 60 TO 2(`65 SIMULAT*7E: 
T9=t)(IPJ)*U(TPJ)*G5+T9 SIMULAT*77 
H2U(IJ)=-SGRT(T9)*T9*CD2 SIMULAT.7E 
UN(IJ)=tl2U ( IJ)/(H( IPJ )+ tl( IPJ)) SIMULAT*79 
0 (IES)=-11211( IJ)*DY 5+U(IES) SIMULAT *PC 
GOTO 2675 SIMULAT*81 

2665 H2U(IJ)=UN(IJ)=ft. SIMULAT*82 
SIMULAT*B3 

257E DU 2793 T=I1Kpl2K SIMULAT*N4 
IMJ=IJ SIMULAT*85 
IJ=IPJ SIMULAT*BE 
IPJ=4AF'( I+1,J ) SIMULAT987 
VM=(V (1J-1-)+V (IJ) +V ( IPJ-1 ) +V (IF'J )) * J*25 SIMULAT *:86 
UIJ=U(1J) SIMULAT*89 
T9=AM I tJl ((tl(IF'J)-U ( IMJ )) * C DTF.tX5 +SUR T( UIJ* UIJ+VM*VM) SIMULAT *90 

A /(C(IJ)+C(1PJ)),1*) SIMULAT*91 
UPJ (IJ ) =( 1 •-T9)*UIJ-(tl(lJ+l)-U ( IJ-1))+VM* CDTDY5 SIMULAT *92 

A -([(:IPJ )-F(IJ))*GDTDX SIMULAT*,93 
H2U(1J)=(H (IPJ)+H t IJ)) *UK (IJ) SIMULAT *94 
IF (112U(TJ) *LT* DO GOU 2760 SIB+ULAT*95 
IF (l12U ( IJ)*DTDY5 *LE ♦ HT ( IJ)) GU TO 279;+ SIMULAT*96 
F12U(IJ)=HT(IJ)*0YDT2 SIMULAT*97 
GOTO 27b5 SIMULAT*98 

276 :. IF (-H2U(I %))* DTDY5 .LE* HT (If ' J)) G OTO 279 0; SIMULAT *99 
N2U(I J)=-HT( IPJ ) * DYDT2 SI AULATo I  fit' 

~7€;5 UN(IJ)=H2U(IJ)/(H(IPJ)+H(IJ)) SIMULAT*1 111 

J C 
tP 

51 



Fj 
J 
Ul 

279 ! COI•, IINl1E SIMULAT*162 
279!~ CUNIINUE SIMULAT•1L13 

C SIMULAT•174 

C*.. COMPUTE V SI ►)ULAT•105 
61,-1-1 1F (MS .f0 v i) 601U 33ki5 SIMULAT*106 

DO 312E K=10S SIMULAT*107 
I=IK(K) SIMULAT*1011 
J1K=JI(K) SI4ULAT9149 
J2K=J2(K)-1 Sl411LAT*11 t' 
19=hOb (Mb (K), l al) SIMULAT *III 
IJ=MAP ( I , J 2 ( K )) SIMULAT•112 
1F (19 .fly. 5) GOTO 2665 SIMIULAT.113 
IF (( EiTtIJ- I) *LO. U•) •(%R • (HT (IJ) *EG C, *1-) GOTO 29u5 SIMULAT*114 
112V(IJ)=(E(ld-1)-ftlJ))*SURT(HT(IJ-1)*HT(IJ))AC3Y SIMULAT•115 
GUTU 2905 SIMULAT*116 

2tiEc '19=A4INl(f (lJ)-H EJ2ipHTtIJ)l SIMULAT*117 
IF (T9 „LE., O*) GOTO 2895 SIMULAT*116 

T9=V(IJ-1) *V(IJ-l ) *65+79 SI!IULAT aII9 
h2V(IJ)=;,1:1<T(T9)*T9*CD2 SIMULAT*126 
VI,4(IJ)=H2V(IJ)/(HtlJ)+IItIJ)) SIMULAT®121 
tylIkS)=h~V(IJ)*DXS+(1tIES) SI4ULAT*122 

GOIO 2`l U`_ SIMULAT*123 
289ti VI!(IJ)=Ii2V(1J SIMIULAT*124 

C SIMriULAT*125 
y~o5 J=JIK-1 SIMULAT*126 

TJ=,MAF(l,J) S14ULAT•127 

I JP= IJ+I SIMLILAT*128 
lhJ=MAf'( I- 1, J) SIMULAT+129 
II- J=`1AP(I+1,J) SIMULAT®13tt 
If (db(K) „GT* 49) I,UTiI 2955 SIMULAT®131 
I9=IJP+1 S14JLAT*132 
IF MiTtI`)) 4FG& 00 *GP* (NT(IJP) •E(j* D *-)l GOTO 2995 SIMWlLATal33 
li2V(lJ)= ttll`i)-c(IJP))*S6kTIHT(19D+HTlIJF'))*C 3Y SIMIULAT*134 
6oT:) 2995 SIMULAT *135 

2955 19=Aliikl(L(IJ1l)—liU[J19tITtI JAI)) SIMULAT*136 
1F ( T 5 +I E+ 0*) G0TU 2965 SI4ULAT•l37 
TS=T`)+VIIJI')*V(IJP)*G5 SIMULAT*13I' 
If 2V (I J1=—St:It I l f9) *T9*CG2 SI4ULAT.139 
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rn 

VN(IJ)=H2V(IJ)/(H(IJP)+H(IJf )) :W111ULAT.,14~.1 
(1 (I ES ) =-112VI IJ) *DXS*+ J (I ES S1 MULAT *141 
(;OT0 2`99 SIMULAT+142 

2965 1'2V( I J)=VN ( I )=.1* SIMULAT *143 
C SIMULAT*144 

2 1.195 00 3124 J=J1K9J2K SIMULAT*145 
TJ=IJP SIMULAT,146 
IJI==IJ+1 SIMULAT*147 
IMJ=IMJ+1 SIMULAT*148 
IPJ=IPJ+1 SIMULAT*149 
HIJ=-I (1J) SIMULAT.150 
Ut4=(U(IMJ)+U(IMJ+1)tU(IJI+U(IJP))*0.25 SI4ULAT*151 
VIJ=V(IJ) SIMULAT*152 
19=AMI141 (( V(IJP )-V(IJ=])).*CDTDY5+ SORT ( IJM*UM+VIJ * VIJ) SIMULAT*153 

A /(C(IJ)+C(IJP)Ilp1o) SIMULAT*154 
VN(IJ)=(Iv—T9)*VIJ—(V(IPJ)—V(IMJ))*UM*CDTDX5 SIMULAT*155 

A -(E_(IJP)-F(IJ))*GDTUY SI4JLAT*156 
ti2V(IJ )=( H (-IJP )+HIJ) *VN ( li) SIMULAT *157 
IF (H2V(1J) *LT* 00 GOTO 3090 SIMULAT*158 
IF (H2V ( IJ•)*DTDX5 *LE* IITIIJ )) GOTO 3120 SIMULATA159 
Ii2V(IJ )=IiT(IJ) *UXOT2 SIMULAT*16a 
GOTO 3115 SIMULAT*161 

319U IF (-H2V(I.))*DFUX5 *LE* HT (IJP)) GOTO 3120 SIMULAT*162 
H2V(IJ)=-HTildP)*UXDT2 SIMULAT*163 

3115 VN(IJ )=H2V(I .l)/(H(IJP )+HIJ) SIMULAT*164 
312•• CONTINUE SIMLILATol65 
31.2`.• CONTINUE SIMULAT *166 

c SIMULAT*167 
C**, COMPUTE E WE TO U SIMULAT*168 

33''5 IF (NS *EO* E11' GOTO 377p SIMJLAT*169 
DO 3621'. K=10NS SIMULAT*171 
J=JK (K) SIMULAT * 171 
IIK=I1(K) SIMULAT*172 
I2K=12(K) SIMULAT*173 
I9=MOD(NH(K)•ln) SIMULAT*174 
IF ( 19 *F(1* 5) GOTO 34511 SIMULAT*175 
IJ=MAP ( 12K9J) SIMULAT*176 
I2K=I2K-1 SI4ULAT*177 
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J 
J 

IMJ=`1 At' iI2K'J) 
IF (19 *EW. 1) GUT(' 34ilD 
E (IJ) =I: (IJ)*tl2U(IJ) 1 
1F tE(IJ) *LTa —D(IJ)) E(IJ)=—D(IJ) 
LING(IJ)=-lti2UlI11J)—H2U(IJ)*G'ND12)I(ti(IMJ)*li(IJ)) 
GOTO 3450 

34.+ CONTINUE 
T6:,=N2U (I MJ) *CTMIi—ti 2t) (I J) *U YDT2C 
E(IJ) =(ti2U(IMJ)—T6)*OTDV5tE(IJ) 
1F (E(IJ)+0(IJ) *GE* fie) GOTO 3440 
CALL FEEt)bKU(IJsIMJ*T6st12U(lMJ)) 

344u IF lM(IMJ)+H(IJ) *NE* Us) GOTO 3445 
UN(IJ);:;1. 
GOIU 34516 

3445 UN(IJ)=T6/(H(JMJ)+61(1J)) 
345;6 1F 6Vb(K) ibT* 49) bUTO 3565 

IJ=MAP(I1K*J) 
IMJ=MAF,411K—l*J) 
IIK=11K+1 
IF (HEM) .CT* 9-) GOTO 3515 
f (IJ) =F(IJ)+112U11MJl 
IF (E(IJ) *LT. —D(IJ)) E(IJ)=—D(IJ) 
tiN(1MIJ )=( Ii2U(ItIJ ) * DXDT2*H2U1IJ))/( Ii(MAPII IK*J ))*H(IJ,)) 
GVTU 351f1 

3'.-.15 CONTINUE 
17=h2U(IJ) *CTMR+ti2U(lMJ)*DYCT2C 
E (IJ) =(17-612U(IJ)) *DTDY5*E (IJ) 
IF (E(1J)+i.tlJ) *GF* U*) 60TO 3555 
CALL FfLDBKU(IJ*IMJ*112111IJ)eT7) 

3S55 IF (H(F1AF (I1K*J))t[i(lJ) *NE• ho) GOTO 3560 
UNtINJ)=f;. i 
GOTU 3f7, 

3': E: ,s Ut (1`1J)=T7/(r6(PIA~'111KsJ1)*Nl1J)) 
GC,T0 3'bIP 

3":6`. I J --- MA I' ( I I K-1 s J) 
7, [;t) 3615 1=I1K*I2K 

I"IJ=IJ 
IJ=MAP(I,J)  

SI4ULAT*178 
SIMULAT*179 
SIMULAT*184 
SIMULAT•1E+1 
SIMULAT*162 
SIMULAT *183 
SIMULAT *164 
SIMULAT*185 
SIMULAT*166 
SIMULAT*187 
SINULAT *188 
SIMULAT*189 
SIMULAT*196 
SIMULAT*191 
SIMULAT*192 
SIMULAT*193 
SIMULAT*194 
SIMULAT*195 
SIMULAT*196 
SIMULAT*197 
SIMULAT*198 
SI4ULAT*199 
SIMULAT *2eO 
SIMULAT *2911 
SIMULAT*2n2 
SIMULAT*2(1 3 
SIMULAT*2G4 
SIMULAT6205 
L14ULAT *2b6 
SIMULATo267 
SIMULAT *206 
SIMULAT *2b9 
SIMULAT*210 
SIMULAT*211 
SIMULAT*212 
SIMULAT*213 
SI4ULAT*214 
SI4ULAT®215 
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J 
00 

E(IJ)=(H2.1)(IVJ)-112U(IJ))*DTDY~,+E(IJ) SIMULAT*216 
IF (E(IJ )+ DIIJ) *GE * 00 6011, 3615 SIMULAT*217 
CALL FE__EDHKU ( Idol MJ,H2Ll(IJ ) 9H2U(IMJ)) SIMULAT*216 

361`) CONTINUE SIMULAT*219 
362 41 CONTINUE SYMULAT922C,  

C SIMULAT *+221 
C MOs COMPUTE E DUE FU V SIMULAT*222 

377f; IF (MS *FG, Cl) GOTO 4635 SIMULAT*223 
00 4n8s', K=ISMS SIMULAT*224 
I=IK(K) SIMULAT*225 
J1K=J1(K) SIMULAT*2.26 
J2K=J2(K) SIMULAT*227 
19=M0D(MB(K)•l(l) SI4ULAT*228 
IF 119 *Coe 5) GQTO 3910 SI4ULAT*229 
IJ=MAP(IrJ2K) SIMULAT*230 
J2K=J2K-1 SIMULAT*231 
IF (19 *[Us (1) GUTD 3875 SIMULAT*232 
T6=112V(Id—l)*CIMR—H2V(IJ)*DXUT2C SI4ULAT*233 
E(1J)=(ii2V(IJ-1)—TE)*DTDX5+E(IJ) SI4ULAT*234 
IF (E(IJ)+D4lJ) *GE* U*) 6010 3865 SIMULAT*235 
IJM=IJ-1 SI4ULAT*236 
CALL FEEDBKV ( IJgIdMgI6 ,pH2V ( IJ-1)) Sl ,4ULAT*237 

3116°, IF ( H( IJ)+H ( IJ-1) vNE * 00 COTO 3870 SIMULAT*238 
VN(IJ)=0* SIMULAT*239 
GOTO 391P SIMULAT*240 

387P VPJ ( IJ)=T6 /(H(IJ)+H ( IJ-1)l SIMULAT*241 
GOTO 391f►  SIMULAT*242 

3 B 7 5 E(IJ)=E(IJ)4H2V(IJ) SIMULAT*243 
IF (E(IJ ) RLT* —D(IJ )) E(IJ)=—[)(IJ ) SIMULAT*244 
VN(IJ )= IH2V1IJ-1)—H2V(IJ )* DXDT2 )/( ti(IJ-1)+HtIJ)) SIMULAT*245 

c S14ULAT*246 
391,., IF (Mli(K) *GT* 49) GUTO 402b SIMULAT*247 

IJ=MAF(I,JIK) SIMULAT*248 
J1K=J1K+1 SIMULAT*249 
IF (MH(K) %LT* 9) GOTO 3985 SI4ULAT*250 
IJM=1J-1 SI4ULAT*251 
T1=H2V(IJ)*CTMR+H2V(IJM)*DXDT2C SIMULAT*252 
E(IJ)=(T7—H2V(IJ))*DTDX5+E(IJ) SIMULAT*253 
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IF (E(IJ)+DIIJ) .GF* 0*) GOTO 3975 
CALL FEEDbKV(IJv1JPljh2V41J)eT7) 

3975 1F tti(IJ+I)+tIIIJH *NE* Q*) GOTO 39bfI 
VN(IJM)=0* 
GOTO 4031'i 

598:J VN(IJM)=T7/lfi( IJ+l)tti(IJ) ) 
GO I0 4036* 

3985 EtlJl=flIJ)tt12VtIJ—l) 
IF (E(1J) ALT* —04IJ)) EIIJ)=—D(ld) 
VNtIJ—l)=(t12V(dJ-1)+DX0X2+N2VtIJ1)E/H 11'IAIPlItJ1K)Htfr14IJ)) 
GOTO 4 (j3f) 

4x.25 IJ=MAt'(I *JIK-1 ) 
4:301 DO 4se7'5 J=J1K'J2K 

1J=.IJ+1 
E (IJ) =(ni2V lIJ—iH—t121ilIJ)) *0T0x5tEtIJ) 
IF (E(IJ)+DlIJ) *GE* Be) GOTO 4075 
I JV=I J-1 
CALL FEEDbKV(IJ'IJMtti2V(IJ)1112V(IJ-1)) 

4r17:e CONTINUE 
4', It I CGNTINUF. 

rl 

463b DO 46At1 K=1tMAXCPN 
U(K)=UN(K) 
V(K)=VNtK) 

4t 4 0  CONTI NUF 
IF (KT *IyCa ITS(KS)) GUTO 4690 
KS=KS+l 
IF (LSC *EU* 0) GOTO 4670 
CALL StlUTIJI<T(E'D I MA)ICP•MAPif'e*I 9T'39 

A 29tiSNAPSNUT OF SURFACE ELfVATIUN s 0) 
4c 7 IF (1-Lu .ELI. fi) 60TO 46911 

CALL SIIOTNtiT1Us0IMAXCPvMAPeM9NoTe4• 
A 3611SNAPSHOT OF X—DIRECIION VELOCITY (UH90) 

CALL Stl0IPRT(VvDvMA)lCP'HAP oh,N,T94 9  
A 3bliSNAPSIM OF Y—DIRECTIGN VELOCITY (V)ol) 

4s:9 , IF (ILNV *CQ* 11) GUTO 4715 

f,0 47f+,i J=1 9 MAXCPM 
47;x;: IF (D(J)+L(J) •NEE* (1*) Ef1(J)=AMAXfi(EN(J1,E(J) )  

SIMULAT*254 
SIMULAT*255 
SIMULAT «256 
SIMULAT*257 
SIMULAT.258 
SIMULAT*259 
SIMULAT*260 
SIMULAT *261 
SIMULAT*262 
SIMULAT*263 
SIMULAT*264 
SI4ULAT*265 
SIMULAT*266 
SIMULAT*267 
SIMULAT*26E 
SIMULAT*269 
SIMULAT*270 
SIMULAT*271 
SIMULAT*272 
SIMULAT*273 
SIMULAT*274 
SIMULAT*275 
SIMULAT*276 
SI4ULAT*277 
SIMULAT*278 
SIMULAT*279 
SIMULAT*260 
SIMULAT*261 
SIMULAT*282 
SIMULAT*283 
SIMULAT*284 
SIMULAT*285 
SIMULAT*286 
SI4ULAT*287 
SIMULAT*288 
SIMULAT*28:9 
SIMULAT*290 
SI4ULAT*291 
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4715 CONTINI E. SIMULAT.292 
K E S=K E S+ l SIMULAT•293 
IF (KES *LTr IS) GOTO 4755 SIMULATs294 
Kf.S=(t SIMULAT•295 
IF (4ES .EQ* C) GOTO 4752 SIMULAT•296 
DO 4750 I=19 MFS SIMULAT•297 
US(lf S.I) =LIIJES(I) ) SIMULAT.290 
V3(IES9I)=V(JES(I)) SIMULAT•299 

475 ►  ES(IES•I)=EIJES(I) ) SIMULAT.300 
4 15 2' GT=U( IES)+UT SIAULAT •301 

( (IES)=Q(IES)/IS SIMULAT•302 
IES=IES+1 SIMULAT.303 

4755 IF (T .LI w TMAx) GOTO 2345 SIMULAT.304 
IES=IES-1 SIMULAT•315 
RETURN SIMULAT•396 
END SI4ULAT.307 
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N 
00 
H 

SUbKOUTINE FEE0BKU(IJeIMJeT6VT7) FEEDBKU*2 
r. FEEDBKU•3 
C FEED BACK X—GINECTION DISCHAkGE TO A POINT WHEN THAT POINT IS FEEDBKU®4 
C OVER—D1tAltJED FEEDBKU•5 
C FEEDBKU*6 
C EXIEiNALS h[FERENCED FEEDBKU*7 
C (NONE) FEEUBKU.B 
C EXTERNALS CONTAIeV11,46 REFEREI:CLS FEEDBKU.9 
C SIM11LAT FEEDBKU.10 
C FEEDBKU.Il 

COMMON //.2 
_ A H2V(135G)'U( 1350)eUNtl350)eV(1350)eVN(13501 //.3 

COMMON (DATA/ D(26110)eCDeCMANN•CE0eDCONViDTeDXeDYeEMAXe6o /BATA/•2 
A HWEIRI(9),HWEIRJ (9)eTMAXeTS(21-)eTZEROeUMAXeZOe /DATA /93 
8 IC, ICC a IENV, MI ST(5 C) 9lLR (2, 3) a IOB (4) a IPL1F a /OATH/ a4 
C IIUB(4)e1208141'ISeISPeIWEIR(9)eI1WEIR(9)el2WEIR(91e /DATA/.5 
u Jtllsl(5(1) eJoB(9)eJlDB(4)eJ208(4)eJWEIRt9)VJIWEIR(91e /3ATA/.6 

E /DATA/.7 
COMMON /SIttU/ CCeCDTDXeCQTDXSeCDTDYeCDTDY5eCD2eCTMReC3XeC3Ye /SIMU/.2 

A DTGXei)TDX5eDTDYeDTDY5eDXD1290XDT2C%DX590YDT2eDYDT2CeDY5e /SIMU / 03 
H GDTDXeGDTOYeG5eHWEI19146El2eHWCJl9H6EJ2eIESe1Tv(21)eJES(50)e /SIMU/.4 
C KESiKSeKTeMAXCPeMAXCPMgMAXCPNgMSeNSeFIe4TIT /SIMU/.5 

C FEEDBKU.15 
T9=(QCIJ)+E(IJ))/((Tb—T7)*DTGYS)+1,. FEEOBKU.16 
IF (19 ,GE. 0.) 6010 417 FEEDBKU•17 
IF (19 .GEe —OuOJl) GOTO 4(14 FEEDBKU*lb 

C•.. CALL UVR(319600514—ERh— CALLED FROM FEE0EKUe9e FEEDBKU*19 
C • 2.2HlJe IJe2t3HIMJ+ IMeJe1.2HT6, T6'1s2HT7eT7ele5HD(lJ-)el)(IJ)e FEEDbKU&20 
C e 1•vtif.(1J)•E(IJ)'1*511DTDYSeDTDY59le2HT9•T9elelHTeT) FEEDbKU•21 

41)il T`J=(►. FEEDBKU®22 
416 E(IJ)=—D(IJ) FEEDBKU.23 

UN,  (IJ)=Ula( Id) *19 FEEDBKU.24 
T6=T6*T9 FEEDBKIle25 
IF (E (IMJ) .f=(r, 11.) GOTO 461; FEEDBKU*26 
E(IMJ1-tcIr1J)+T7+ti.—T`))*DTUYS FEEDtiKU®27 
If (E(IMJ) ot-To —D(IMJ)) E(lhj)=—D(IMJ) FEEDBKU.26 

46.. lIN(IMJ)=0N (IMJ) *T9 FEEDBKU.29 
T7=17*T9 FEEDbKU.30 
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H 
co 
N 

RE1URN 
END 

FEEDHKUo3l 
'FEEDNKU•32 

99 



C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SUbR(IUlINE FEE08KV(IjjIJM*TF'T7) 

FEED BACK Y—DIRECTION DISCHARGE TO A PO1hT WHEN THAT POINT I!S 
GVER—DRAINED 

EXTERNALS NEFERENCED 
414ONE ) 

LXIERNALS CONTAIVING REFERENCES 
SIMULAT 

CUMMUN C (135;;),E (135')),EH(13U0),H(1350),HT(1350 t lH2U`135A1, 
A t12V(135 1.-)tU(1350)oUtl(1350)IV(1356)$Vti(13501 

CUMMUN /DATA/ Dl2u0U),CDtCf1ANN,CED'DCONV'DTgDXgBY'EMI'AX'®' 
A HWE:IRI(9),tiuEIRJ(9),TMAX'TS(21),TZLROgUMAX*ZU, 
H IC, ICC, IENV,ItiISTtS C), ILR(2, 3) * IDH(43 * IPI.TF, 
C I1i18 ( 41,i2UB t 4),IS,ISF'~I6lEIR ( 9),IIWEIRd91,12WEIRd9)~ 
D JHIST(5(;),J064A),J1O8(4)9J20B(4)'J4EIR(9)VJIWEIRl9)' 
L J21iLIto(9),LSE,LSKEY,LSU,t•i,MES,MQ89MWEIR,N*NES,NOHINWEIR 
COMMON /SIMU/ CC,CDTC,X,CDTDXS,CDTDY,CDTDY5,CD29CTMR9C3X9C3Yt 

A DTDX,DTDX5,DTDV90TDV5vVXDT29DXOT2C9DX5,DYDT29DYDT2C,DY59 
b GDTDx,GOTOY1651 wfIl,tiWE12, ►IWEJIItfUEJ2,1ES,ITSt21).JES(501% 
C KES,KS,KT,MAXCP,MAXCPM,P6AXCfr''N VMS ,NS,F°I,()T91 

T9=(1)(IJ)+E(IJ))/6 0TDX5)t1* 
If (19 *GF* 40 GOTO 510 
IF (19 *VE_. —11*1111) GOT(1 boil 
CALL EitRl ]2,si,3,251i—ERti— CALLED FROM FELDBKVg9 9  

, 2,2~~IJ,IJ,2,3rilJM,I.1hi,1,2HT6,T6,le2HT7,T7,1,5HD(IJ)®D(IJ)' 
, i,5tiE(1J),E(IJ),1,5iipTDYSepTDY5~1,?HT9,I9,1,INT,T) 
T9=D, 
E(IJ)=—ptIJ) 
VtJ(IJ)=VN(iJ)*Ty 
TG=TES * 19 
If (E (IJM) *FU,, 4*) GGTC 516ft 
L (1J'()=L" (IJM)*T7* (1*—T9)*DTDX5 
IF tE(IJFi) *LT* —04IJf1)) E(IJMI)=—O(IJMi) 

D tj as Vt14IJM)=VN(IJM)*19 
T7=T7*19  

FEEDBKV*2 
FEEDBKi1*3 
FEEDBKV*4 
FEEDBKV*5 
FEEDBKV*6 
FEEDBKV*7 
FEEDBKV.*B 
FEEDBKV*9 
FEEDBKV*10 
FEEDBKV*11 
// *2 
//*3 
/DATA/e2 
/DATA/*3 
/DATA/o4 
/DATA/95 
/DATA/*6 
/DATA/07 
/sIMU/*2 
/SIMU/03 
/SIMiU1 *4 
/SIMU/*5 
FEEDBKV*15 
FEEDBKV*l6 
FEEDBKV*17 
FEEObKV * lb 
FEEDBKV*19 
FEEDBKV*20 
FEEDBKV *21 
fUEDbKV*22 
FEE08KY*23 
FEEDBKV*24 
FEEDBKV*25 
FEEDBKV*26 
FEEDBKV*27 
FEEDBKV*2B 
FEEDBKV*29 
FEEDBKV ®31l 
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RE WiN FEEDHKV •31 
END FEEDHKV.32 

H 
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C 

C 

I T 1 = I T V 
1•i IF (T .LT. TSL(ITV)) GOTO 2!~ 

ITV=1 TV+l 
IF (I1V .LE. NIV) GOTO Ih 
ITV=ITV-1 
t.SKEY =1 

Pt' IT2=1TV-1 
DO 411 K=1♦ NSL 
VSrJK=ALINEAR(AMIN1(Tt'fSLtNTV))tTSL(ITV)tTSL1IT239 

A VGL( ITVtK )tVSLtIT29K)) 
XSKIK=VSN(K)*(AttIN1 (TtTc-LCITl))-Tl)+VSNK*(T-AMAX1(T1tTSLI'IT2) )) 
VSPJ(K) =VSIJK 
IF (112 .LT* IT1) GOTO 4n 
DO 30 TTK=IT19IT2 

30 xSNK=XSNK+VSL(ITKtK)*IAMIN Ill TSL(ITK+1),T) -AMA X Ill TSL(ITK-I)tT1)) 
41  XSN(K)=XSN(K)+(#.5*XSNK 

DO 501 K=1 tNKSP 
IJ=MAP(IKSPIK)tJKSPIK)) 

511 HSN(IJ)=VSA(1J)=0. 

Iti05LID=.TRUE a 
DO 110 K=1 •NSL 
NSPK=NSP(K) 
IF (NSPK *EQ* 0) GOTO 110 
XSO=XU+XSIV(K)*COST + (K-i)*DSL*(-SINT) 
YSO=YO+XSN(K)*SINT + (K-1),*DSL*COST 
DO 100 Ix=19NSPK 
1F IXSP(TXtK) .GT* XSN(K)) GOTO 110 
NOSLID=*FALSE' 
L=LS?(IXtK) 
I =IKSP (L ) 
J=JKSP(L) 
NXA=[1 
X=(T-U.5)*OX -0.5*DXA 
Y=(J-Uo5)*f)Y -0*5*DYA 
XP=(X-XSO) *COS f+(Y -YSO) *S 1 fJT  

LAVDSLD*27 
LAVDSLD.28 
LAVDSL0.29 
LAPDSLD.3P 
LANDSLD*31 
LANDSLO932 
LANDSLD.33 
LANDSLD.34 
LANDSLD.35 
LANOSLD.36 
LAVDSLD.37 
LANDSLD.38 
LANDSLD*39 
LAVDSLD.4U 
LAVOSLD.41 
LANDSLU942 
LANDSLD.43 
LANDSLD.44 
LANDSLD.45 
LANDSLU*46 
LANDSLD.47 
LANDSLD*48 
LANDSLD.49 
LAVDSLD.50 
LANDSLU.51 
LANDSLD.52 
LANDSLD.53 
LANDSLD.54 
LANDSLD.55 
LAVDSLU •56 
LAHDSLD.57 
LANDSLD.58 
LANDSLD.59 
LAVDSLD.60 
LANDSLD.61 
LAVOSLD.62 
LANDSLD•63 
LANDSLD.64 

63 



H 

C 
C 
C 

YP=(X6Cs—X)*SINF+(Y—YSO)*COST LANDSLD*65 
DO 60 IA=19MA LANDSLD*66 
X=XP+I A*DXFDXA LANDSL0+67 
Y=YP+IA*DYDXA LANDSLO*68 
GO bpi JA,19NA LANDSLD•69 
X=X+DXDYA LANDSLD OD 
Y=Y +]YDYA LANDSLD*71 
XAX= —X LANDSLD 02 
IF ((XAX *LT. XSL(1)) *OR* (YAX `GT* XSL(N'XH))) GOTO 60 LANDSLD*73 
1F ((Y •GE. DSL) (Y *LT* 00) 6070 60 LANDSLD#74 
NXA=VXA*l LANOSLO*75 
XA(NXA)=XAX LANDSLO0 6 

6.a CONTI NUE. LANDSLD *77 
IF (NXA •EQ• '(1) GOTO 100 LANDSLD*78 
CALL VSUkT(XAsl'NXA) LANDSL0*79 
IJ=MAP(1.9J) LANDSLD*80 
IXSL=1 LANDSLD*81 
HI d=V I J-t1 * LANDSLD *82 
DO 9n IXA =I*NXA LANDSLD*83 

7il IF (XA(IXA) *LT* XSL(IXSL)) GOTO 60 LANDSLDo84 
IXSL=IXSL+1 LANDSLD*85 
IISLOPE= (FISL( IXSL*K)— tiSLII)(SL— IeK))i(XSL4IXSL1—XSL(IXSL-1)) LANDSLD,86 
IF (IXSL oLE. NXH) GOTO 70 LANDSLD'•87 
IXSL=N'XN LANDSLD *:d8 
HSLUVL =(IiSL(IXSL,K)—HSL( IXSL-1*K))/(XSL(IXSL)—XSL(IXSL-1)) LANDSLD*89 

8,1 FiIJA=HSL(IXSLIK)—HSL(IPE*(XSI-(IXSL)—XA.(IXA)) LAVDSLD A 9D 
HIJ=HIJ+HIJA LANDSLD*91 

90 CONTINUE LANOSL0*92 
VSACIJ)=VSA(IJ)$VS14(K)*NXA *AkiN LANDSLD.93 
ICVN(1J)=ICVN(IJ)+hkA LANDSLD*94 
HSPI( 1 J)=IiSN( I J) *H I J*AMN LANDSLD*95 
C ONTI NUE LAND SLO 06 

1. 1 ; CON11 NUE a LANDSLD *97 
IF (VOSLIFD) RETURN LANDSLD*98 

LANDSLD*99 
RAISE li0TH U AND F FOR HUIF VUE TO MASS INTRUDING INTO A GRID LANDSLD*100 

LANDSLD®101 
UQ 406 K= IINKSF LANDSL0*102 

64 



I=IKSF'(K) LANDSLD*1()3 
J=JKSP(K) LAVDSLD*l('iy 
IJ=MAP(I*J) LAVDSLD*1r,5 
HIJ=HSP:(IJ) LANDSLD*1^6 
HDIF=HIJ—NS(IJ) LArIDSLD*in7 
NCV=4NA—ICV(IJ) LANDSLD*1RF 
t,'CVN=MAXP(ICVN(IJ)—ICV(IJ)*(I) LANDSLD*1C9 
ICV(IJ)=MAX!1(ICVN(i.J)9ICV(,1J)) LANDSLD*11C 
ICVN(IJ•)=n LAVDSLD*111 
HRCV=HTIIJ) LANDSLD9112 
IF (VCV *GT* (1) HRCV=(HRCV*r!CVN)/NCV LANDSLD+113 
IF (HT(IJ) *GT* 0*0 HDIF=AMIN1(NDIF}HRCV) LANDSLD*114 
HS(I.J)=HS(IJ)+HDIF LANDSLD*115 
D(IJ)=DIIJ)—HDIF •LANDSLD.116 
L(IJ)=E(IJ)+HDIF LA4DSLD*117 
HSUM=HSU11+ SIGN ( AMINI ( AHSIHDIF )*HT(IJl )*HDIF ) LAVDSLD*118 

C LANDSLD*119 
C ,ADJUST WATER VELOCITIES DUE TO DRAGS LANDSLD.120 
C LANDSLD*121 

00 IJM=IJ—I LANDSLD*122 00 
IMJ=MAPII-1*J) LAV3SLD*123 
IPJ=MAP(I+1*J) LANDSLD*124 
IF MPJ *LE« C) *OR* (IPJ *LE* n)) GOTC 404 LANDSLD*125 
IF 1(IMJ *GE* MAXCP ) *OR* (IPJ *GE* MAXCP )) GOTO 400 LANDSLD*126 
VIJ=VSAIIJ) LANDSLD*127 
VSLX=VIJ*CDST LANDSLO9128 
VSLYA=AES(VSLX) LANDSLD*129 
VSLY=VIJ*SINT LANDSLD*13P 
VSLYA=ABS(VSLY) LANDSLD*131 
TLM=CDV / AhIAXI ( AMINIIHT ( IJ) *HIJ ) * 0*i11) LAVDSLD*132 
TEMU=AP'IN1 (V;~LXA* (CDF/DX+TEM) *1 *) *VSL X LAVDSLD *133 
TEMV=AUIINI(VSLYA*(CDP/DY*TEM)*1*)*VSLY LANDSLD*134 
UI J=U ( IJ) LANDSLD *135 
IF(UIJ*EQ*I?*) GO TO 30'k LA14DSLP*136 
Vr1=(V(IJM)+V(IJI+V(IPJ-1)+V(IFJ))*0*25 \ LAVDSLD*137 
I1N ( IJ) =1 Ar1IN 1 ( SORT (U IJ*UI J+VM*VM) / (C(1 J) +C( IPJ)) * 1 *) *UI J—TEMV) * q*5LANDSLD * 138 

*+UP1 (I J) LANDSLD *139 
300 UI.1=;) ( IMJ) LANDSLD4140 
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IF(UIJ„EO*s)*) GU T(1 310 LANDSL0*141 
Vh1=(V(It1J-1)*V(IMJ)*V(IJM)*V4IJ))*11*25 LANDSL0*142 
UN(IMJ)=(AM1N1(SQRT(UIJ*UIJ*VM*Vr1)/.(C(It1J)*C(IJ))91*)*UIJ—TEMU)**5LANDSLU*143 

*+UN(IMJ) LANDSLD*144 
31 ,1 VIJ=V(IJ) LANDSLD*145 

IFIVIJ.E(i.s► .) 60 TO 3211 LANDSLD*146 
UM=(U(IMJ)+U(IMJ+I)+U(IJ)*U(IJ*I))*0*25 LA40SLD*147 
VN(IJ)=(A'IIN1(SQRT(UM*tUM+VIJ*VIJ)i4C$IJ)*C4IJ+1))'l*,*VIJ LANDSLD*148 

*—IFMV)*0*5*VN(IJ) LANDSLD*149 
32 +I VIJ=V (IJM) LANDSLD*150 

IF(VIJ*EQ*.1*) GU TO 330 LANDSLD*151 
Uhl=(U(IMJ-1)+U(Iht.l)*U(IJM)*U(IJ))*s)*25 LANDSLD*152 
VN(IJM)=(AMINI(SQRT(UM*UM# VIJ*VIJ)/IC(IJM)*C(IJ))®lpi*VIJ—TEMV) LANDSLD*153 

* % ,5*VN( IJM) LANDSLD•154 
33+, CONTINUE LANDSLD*155 
430 CONTINUE LANDSLD *156 

SS41ES)-NSUM*UX*DY LA40SL0*157 
RETURN LA4DSLD*1J8 

`s END LANDSLD*159 

a 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

m 

SUPROUTINF SPOI*PRT(SoDiMAXCP/PIAP•it -tN•TINLBLtLbLPrIPAGP') 

PLAINT SNAP'SflUT FOR WATER SURFACE ELEVATION OR VELOCITY 

EXTERNALS IdLFECENCED 
(NUKE) 

EXTERNALS CONTAINING PEFERENCES 
LSWAVE (RAIN PROGRAM) 
S IMUL AT 

DIMENSION S(PIAXCP)ID(MAXCF)tMAF'(MtNlsLBLP(1) 
DIMENSION LINE(120)vNUMl1f1)♦ IDIG(6)•LBL(4) 
DIMEVSION ISYBA(3) 
DATA PIUM/ltiOtIH1.1112t1F13t1H4s1H591H6r1H791H891H9/ 
DATA ISYBA/3H***•3H/// ♦3HDDD/ 
DATA LWIDgLINC/3n.4/ 
DATA NXLN/5/ 
DATA NFL/0/ 

DO 10 1=194 
1'• LBLI I) =1H 

DO 20  I=1tNLBL 
20 LBLII)=LBLFII) 

Ltd=Lg I D*L I NC 
KSET= (tv-1)/LlJID+l 
IPAGE=IPAGP 
IF ('(NXLN +M)*tdSt-T +NPL+4 •GT* 63) IPAGE=11 
IF (IPAGE *EQ* 0) NPL=64 
N2 =n 

NXI.ST=O 
DO 1611 ISET=1•NSET 
N1 =N2+1 
112=MIN0lNgN2+LWID) 
IF ( I SET *EQ s NSET ) NXLST=4 
tJPL=VPL+NXLN +M+NXL ST 
IFF=1tl 
IF (NPL *LE• 631 GOTU 30 
NPL=NXLN +M -#NXLST  

SHUTPRT*2 
SHOTFRT*3 
SHOTPRT*4 
SNOTPRT*5 
SHOT°RT*6 
SHOTPRT*7 
SHOTPRT*8 
SHOTPRT*9 
SH0TPRT *1 ti 
SHOTPRT*11 
SHOTPRT*12 
SHOTPRT*13 
SHOTPRT *14 
SHOTPRT*15 
SHOTPRT*16 
SHOTPRT*17 
SHOTPRT*1H 
SHOTPRT*19 
SHOTPRT*20 
SHOTPRT*21 
SHOTPRT*22 
SHOTPRT*23 
SHOTPRT*24 
SHOTPRT*25 
SHOTPRT *26 
SHCTPRT*27 
SHOTPRT*2A 
SHOTPRT*29 
SHOTPRT*3Q 
SHOTPRT.31 
SHOTPRT*32 
SHOTPRT*33 
SHOTPRT *34 
SHOTPRT*35 
SHOTPRT*36 
SHOTPRT*37 
SHOTPRT*38 
SHOTPRT*39 
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H 

w 

IFF=lti1 SH()TPRi *4tl 
S9 j IF ( ISLT o LUa 1) PRINT 9 62-aIFFIT I LBLo ( J'J=Nl I N21 SHDTPRT*41 

IF (ISET •NL% I') PRINT 9O3w1FF9 ( JjJ=N1tN2) SHDTPRT*42 
PRINT 904 SHDTPRT*43 
00 150 I;:1'Mi SHOTPRT*44 
OU 40 9=19LN SHOTPRTe45 

~? LI14E(K)=1H SHDTPRT*46 
Lz—LINC SHOTPRT*47 

DO 140 J=NIIN2 SHOTPRT*46 
L=L+i. I PIC SHDTPRT ®49 
IEY8=ISYBA(3) SHDTPRT*50 
IJ=MAP(I,J) SNOTPRTe51 

IF (IJ •l-[es -!), 60T (' 120 SHOTPRT*52 
If (I J #GE . MA XCP) 6010 121) SHOTPRT *53 
SIJ;:S(IJ) SHOTPRT*54 

IF C(SIJ *10* 0.) *AND * ( D(IJ) *E ®* 001 GOTO 120 GHOTPRT*55 
ISYti = ISVhA ( 1) SHOTPRTe56 
IF (SIJ) 5'I2124160 SHDTPRT*57 

56 SIJ=—SIJ SHDTPRT*58 
LIfJEILtI)=1H— SdOTPRT *59 

6o ISY8=1SYBA(2) SHOTPRTe6G 

KSIJ=SIJ*Iiskisle SHDTPRT*61 
IF (KSIJ *GE # 99950J) GOTO 120 SHOTPRT962 
KRHO = 5 SHOTPRT e 63 
IF (KSIJ * GT* 1000 ) KHMDa50 SHOTPRTe64 
IF (KSIJ sGT . 10 ,10o) KloND = 51lu SHPTPRTe65 
KSIJ=KSIJ+KRtJU SHOTPRTe66 
bO 7U K=10 SHDTPRT*67 
KSIJ = K ,,%IJ / 19 SHOTPRTe68 

7I, IUIG(K);;NUM (KS IJ—(KSIJ11 *16 *1 SHOTPRT.69 
OU 811 K=1' 3 SliOTPRT *7(l 

81, IDIG(7—K)=I010(6—K) SHGTPRT*71 
IDIG( 3 )= ltl* SHOTPRT*72 
00 91 K=193 SHDTPRTe73 

9se IF (IIIIG ( 7—K) *Nfe IWO GOTO V)d SHOTPRT*74 
K=4 SHOTPRT *75 
I SHE T =`>—K S110TPRT *76 
00 110 K=294 SHOTPRTe77 

60 



C 

H 
~o 
N 

II'! LIf+E(L+K)=IDIo(I SHFT—K) SHOTPRT.78 
VITO 141.1 SHOTPRT.79 

1? 1 DO 13:1 Yk=2.4 SHOTPRT.80 
131 LIF!F:(L+K)=ISYB SHOTPRT.81 
141 CONTINUE SHOTPRT•82 

L=L+LILAC SHOTPRT•E3 
PHI41 9f)5gI 9( LIfJE ( K)9K=IvL ) SHOTPRT•'84 

15l CONTINUE SHOTPRT.85 
161 CONTI NUE SHL'TPRT •86 

NPL=NPL+2 SHOTPRTe87 
PRINT 907.1SYBA SHOTPRT*88 
IF (VPL ,LE. 63•) PR14T 9GB SHLTPRT•89 
ELTURN SHOTPRT.9t 

SHOTPRT•91 
902 FORMAT ( A1/61i TIME _ 09.396H ( SEC),inX4Aln//6H J,13M ) SHL)TPRT.92 
9h3 FORMAT 4A1///6H J 9 3P14) SHOTPRT•93 
9-.14 FORMAT (3N 1) SHOTPRT•94 
9115 FORMAT (2XI292X120A1) SHOTPRT05 
9u7 FORMAT (/7XA3916H = 0. (EXACTLY) SHOTPRT•96 

A /7XA3931H OUT OF RANGE (AHS *GE* 999,x5) SHOTPRT*97 
B / 7XA392 f1H DRY ( 1401' C OtIPUTED)) SHOTPRT •9H 

9011 FURMAT (/) S40TPRT •99 
END SHOTPRT.I110 
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L 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
c 

C 

,.UNR OUT INL 111SIP8T (US v0S'VSvG9SS'NESPIMESP) 

PRINT TIME HISIOR4ES (SURF ACE ELEVATION• VELOCITYe OVER—TOPPING' 
UISPLACEB VOLUME) 

tXTERNALS i(LFEKENCED 
1J ST 1 
HS12 
MASK (CDC INTRINSIC) 
SHIFT (CDC INTRINSIC) 

F'XTERNALS CONTAINING REFERENCES 
LSWAVE (MAIN PROGRAM) 

COMMON C(1350).E(135u)'Et(t13i)fi)~H(1350)~F(T(135Q)#H2U(135G)~ 
A t12V(l350)tU(135(J)sUN41350)tV(1350)sVN41350) 
COMMON .IDATA/ D(2(ir0)•CD'CMANN.CED# PCONV•UTIDXIDY•EMAXt6' 

A HWE fit I(9) OWE IRJ(9)vTKAXsTS(21-)'TZEROvUMAXIZO' 
B IC~ICC~IENV~IHISTt50l'ILRl2.3)'Itl®(4)~IPLTF' 
C I1('RtN) ® I2OEI(41eIS~ISF~~IWEIRl9)~IIWEIRt9)'12WEIR(9)s 
u JtiISI(EiOf'+1UTitgl'J1Ub¢q)tJ20b14)~JWEIkI9)~~11WEIR(9)~ 
E J2WEIR(9)'LSEtLSKEVoLSU,MIMES'MlOHeMWEIR'N'NES'NOboNWEIR 
CUNMON /SIMU/ CC'CUTOXeCOTOXS'CDTDY'CDTDY59CD21CTMRvC3X'C3Y% 

A UTOx,C)TOX590TOV*DTDY5iDXDT21OXDT2C'Dx510YOT29DYDT2C*DY5e 
6 GDTUXtGDTDY•Gv'k1WEil'H6El2iHWEJ11ii6EJ291ESsITS(21)'JES(50)' 
C KLSwKS'KTIMAXCPI MAXCPtt*MAXCP14'MS$NSgPT90T%T 

DIMENSION ES(NESP l NESP)*US(NESF iMESP)iVStt)ESP'MESP)' 
A O(NFSP)vSS(NESP) 

UIVEV6ION Z410) tNH (b) 
DIMENSION ILH(153kjIPT(150)'NUM(lJ) 
BATA PiU61I1tsU~lt11''1112'lFl3ellltia1H51H6~1H7elIdJlel(19/ 
BAIA NLI1J/ 

NMES=O 
DO 5 I=1,5 

5 NH(1)=u 
IF (ILH42911 .E0m, 0 G610 12fi 
Nh ( 1 ) =W-11 S+1 
Do l+) J=IIMES  

HISTPR1 ®2 
H`I STPRT.3 
HISTPRT04 
HISTPRT95 
HISTPRT®6 
HISTPRT97 
HISTPRTOB 
HISTFRT•9 
HISTPRT.10 
HISTFRT.Il 
HISTPRT.12 
HISTPRTe13 
HISTPRT.l4 
//.2 
//.3 
/DATA/.2 
/DATA/.3 
/DATA/ .4 
/DATA/.5 
/DATA/.6 
/DATA/.7 
/SIMU/.2 
/SIMU1.3 
/SI4U/04 
/SIMU/.5 
t1ISTPRT 918 
HISTPRT.19 
HISTPRT.20 
HISTPRT.21 
HISTPRTs22 
HISTPRT®23 
HISTPRTs24 
HISTF°RT®25 
HISTPRT.26 
HISTPRT.27 
HISTPRT.2G 
HISTPRT.29 
HISTPRT•30 

1 
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I II 

TPT(J)=J HISTPRT*31 
ILH(J)=5H —E— HISTPRT*32 
NMES=NMES+mF~S HISTPRT*33 
IF (ILR4292) *EU* 0) GOTO 3n HISTPRT*34 
14H(2)=MMES+1 HISTPRT*35 
NH(3)=NMCS+flFS+1 PISTPRT*36 
DO 25 J=19MES HISTPRT*37 
NMES=NMES+1 HISTPRT*38 
NMESX=NMES+MFS HISTPRT *39 
IPT(NMES)=J HISTPRT940 
IPT(VMESX)=J HISTPRT*41 
ILP(NMESX)=5H —V— HISTPRT*42 
ILq(NMES)=5t( —U— HISTPRT*43 
CONTINUE HISTPRT*44 
NMES=NMESX HISTPRT*45 
IF 4ILR(293) *E0@ (1) GOTO 40 HISTPRT*46 
NH(4)=NMES+1 HISTPRT*47 
NMES=NMES+l HISTPRT*48 
CALL HST2 (Q 9IES9REL'IQvlC *) HISTPRT*49 
ILE(NMES )= 7116 *in ** * AND* 'SHIFT (*NOT*MASK ( 6)g18) HISTPRT*50 

*OR* -SHIP!( NUM f10+1)9 AND *MASK(6)•18) HISTPRT*51 
RELIVV=1./PEL HISTPRT*52 
IF (NMES *EQ* 0) RETURN HISTPRT*53 
IF (LSKEY *ED* 1) GOTO 50 HISTPRT*54 
IF (LSKEY *6T* 3) GOTO 5in HISTPRT*55 
NH(5)=NMES+1 HISTPRT*56 
NMES=NMES+1 HISTPRT*57 
CALL HST2(:SS9IES•SREL•ISSgWV*) HISTPRT*58 
SREL=I*ISRFL HISTPRT*59 
IL'8(NMES )=9HDISPL VOL HISTPRT*60 
ILH(4MES+1)=6H *111** *AND* SHIFT(*NOT*MASK(6)924) HISTPRT*61 

*OR* SHIFT ( NI)MIISS+1) *AND*MASK ( 6-) 924 ) HISTPRT *62 
CONTINUE HISTPRT*63 
Np=(NMES-1)/NL+1 HISTPRT*64 
N2=n HISTPRT.65 
DO 130 IP = 1 •NP HISTPRT *66 
NI=N2+1 HI,STPRT+67 
N2=MINu(N2+NL,NMES) HISTPRT*68 

25 

3!,1 

N 

,p 

4u 

A 
F, n  
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N 
kD 
u, 

1•421=N2 HIGIPRTs69 
DU 6;1 I=415 HISTPRT 0 70 

6r IF t(N2 .GEi NH(I)) .AIwDs (N1 .LE a NHII))) N21=(121—g HISTPRT.71 
IF tN21 *LT . N1) PRLNT 901 IIISTPRTs72 
IF t N 2 1 *LT* N1) PRINT 905 HISTPRT473 
IF ( N 2 1 .GE. N1) PRLNT 901911PT(J)9J=NlvN21) "ISTPRT•74 
IF (421 .GE. N1 ) PRINT 90514111(® It1IST ( IPT(J)) IJHIST ( IFTCJ)) I HISTPRTs75 

A 114)1J=N1tN21) HISTPRT976 
N21=ti2 HISTPRT977 
IF tN2 %EO. NH(5)) N21=N21*1 HISTPkTs78 
PRINT 9A21(IL8(J)tJ=N19N2I) HISTPRTs79 
PRINT 904 HISTPRT®80 
M21=N2-141+1 HISTPRTs81 
nT1=DT+IS*ISP HISTPRTs82 
FI=IZERQ—DTI HISTPRTs83 
U0 73 1=11 IES' ISa HISTPRT O64 
CALL HST1(ES'NEStMES%ZtI11®tNH(I)1MES1N11NL) HISTPRT.BFi 
CALL HSTlt11S1NEStMES1ZiltletNH(2)tMES1N1tNL) HISTPRT•86 
CALL HST1tVS1NES1t7ES1Z1111:tNHt3) tMES1N11NL) HISTPRT•67 
CALL HSI1(UI NES11 tZ,ItRELINVtNH/4)11tNltNL) H1STPRT.:88 
CALL I1ST1(S51NESt1 t Z 1 ItSREL I NH(5) tlgN11NL ) HISTPRT•89 
T1=TI*DTI 01STPRT00 
PRINT 9"131(1-1)*IS1TIt(Z(J)1J=l9N21) HISTPRi091 

Ili CONTINUE HISTPRT •92 
(lit CONTINUE HISTPRT.93 

I(ETURR HISTPRT.e94 
HISTPRT®95 

9 b I FORMAT I1H11/23X1019) tIISTPRT096 
9L2 FORMAL t6X411STEP16X511(SEC) 17X11A9 ) HISTPRT s97 
963 FORMAT (6XI4t1XF1o.315X10(1XF8.3)) HISTPRT•98 
9414 FORMAT 4II1 ) HISTPRTsm99 
965 FOPMAI 46X4HTIME1.6X41TIME901V(2XAI112111it12VAI') HISTPRTs1U11 

END HIS Ti,  RT elfel 
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H 
w 
rn 

C 

SUBROUTINE PLOft'RT(PTABiNESPitIESPiPMAXPiIFLGiISIZiMLBLiLBLP) PLOTPRT.2 
PLOTPRTe3 

1_INE FRIOTE.R PLLITS OF TIME HISTORIES PLUTPRT•4 
PLTPRT.5 

EXTERNAL REFERENCED PLOTFP,T•6 
HS12 PLOTPRT•7 

EXTERNALS CONTAINING REFERENCES PLOTPRT.e 
LSUAVE (MAIN PRUGRAM) PLOTPRT•9 

PLUTPRT*ll 
COtIMON 2TAB(16(lr))vNBD(IOOP)vMBD(10001,PNT2(150) PL0TPRT•11 
COt1MON /DATA/ D(21Df)) SCDvCMANNoCEDoDCONViOTtOXiDYtEMA)(tG• /DATA/.2 

A 111 IEIRI(9) iiidEIRJ (9)9TtiAXiTS(21)iTZER09UMAX 9 Z0t /DATA/.3 
B IC9ICC9TENViIHTST(5(1)91LR(293)9IOB(4)9I,PLTFi /DATA /94 

C 1106(4)91208(4)9IS9ISPilWEIR (9)911WEIR(9)912'WEIR(9)9 /DATA/•5 
U JHIST(50)iJOB(4)tJ1U8 (4)9J2OB(4)iJWEIR(9)•JIWEIR(9)i /DATA/.6 
E J2WEIP,(9)9LSEiLSKEYiLSUiMiMESiMOBiMWEIRiNiNESiNOBiNWEIR /DATA/•7 

COMMON /SIMU/ CCiCDTDX9CDTDX59CDTDYtCDTDY59CD29CTMRiC3X9C3Yt /SIMU/s2 
A DTDx9[l TDX59DTDY90TOY59DXDT290XDT2C9DX59DYDT29DYDT2C9DY59 /SIMU/.3 
B G DTDXiGDT0Y9GEsfiWEIItHVF129HWEJ1iHWFJ29IES91TS(21) ♦ JES(50)9 /SIMU/.4 
C KES9KStKTiMAMCPtMAXCPMtMAXCPNit1SiNStPIt[ITiT /SIMU/.5 

DItiEVSION PTAH(NESPiMESP) PLOTPRT•14 
DIMENSION L8LP(1)iLBL(4) PLOTPRT.15 
DIMENSION NUMS(lfl} PLOTPRT•l6 
DATA NUMS/llin9lHli1H2t1H3 91H491H591H6t1H791H891H9/ PL0TPRT•17 
DATA REL9t4DIVitIH9NVDiNLAB/loi191O19592/ PLOTPRT0'18 
DATA NPL/0/ PLDTPRTo19 

PLOTPRT.20 
IF (ISIZ •EQ« 0) RETURN PLOTPRT.21 
iICtJT=IF.S PLOTPRT.22 
NLAB=2 PLOTFRTs23 
IF (ISIZ *ED* 2) NLAB=5 PLOTPRT.24 
NFL=u PLOTPRT 925 
Do Is 1=194 PLOTPRT.26 

14, LBL(1 )=1H PLOTFRT•27 
IF (VLHL •EUs 11) GnTO 12 FLOTPRT.28 
DO 11 1=19NLBL PLOTPRT.29 

11 LbL(I)=Lf?LF(I) PLOTPRT.30 
12 CONTINUE PLOTPRT.31 

C 

C 
C 
C 
C 
C 
C 
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PLOTPRT*32 
PLOTPRT*33 
PLOTPRT934 
PLOTPRT*35 
PLOTPRT*36 
PLOTPRT*37 
PLOTPRT*36 
PLOTPRT*39 
PLUTPRT®40 
PLOTPRT*41 
PLOTPRT*42 
PLOTPRT*43 
PLOTPRT*44 
PLOTPRT*45 
PLOTPRT*46 
PLOTPRT*47 
PLOTPRT*4a 
PLOTPRT*49 
PLOTPRT*50 
PLOTPRT*51 
PLOTPRT*52 
PLOTPRT*53 
PLOTPRT*54 
PLOTPRT*55 
PLOTPRT*56 
PLOTPRT*57 
PLOTPRT*58 
PLOTPRT*59 
PL(ITPRT *60 
PLOTPRT*61 
FLOTPRT*62 
PLUTPRT*63 
PLOTPRT*64 
PLOTPRT*65 
PLOTPRT*66 
PLOTPRTe67 
PLOTPRT*6Q 
PLOTPRT*69 

PMAX=PHAXP 
If ((PMAX sGT* 0a)• *OR* IIFLG *EQ* 1)) GOTO 4G 
UO 30 NP=1 9 MESF 
GU 39 I=1 s IJCNT 

30 PMAX=AMAXl(PMAXrPTAG(IiNF) -) 
4'; C0NIINUE 

111 =NH *4 
KhAX=T 
IF (XMAX eLEe 1J-m) GOTO 145 
DO 140 I=is11iOn 
XDIV=XViAX/NDIV 
IDEL= MAXO(I*NH/INT(XDIV)) 
MAXX= INT(XDIV*i) *5) 
IF (IDE.L /I1j *10 oUGe IDEL) GOTO 145 

1411  NDIV=NDIV* I 
145 CON II NUE 

OU 190 NF=1sMLSP 
00 154'1 I=1 sNCNT 

151 IF (ABS(PTAB(IsNP)) eGT* 0 *001) GOTO 166 
GOT3 490 

16,1 K = I 
Ceee SET K=1 TO DISABLE ShIFTING ALUNG TINE AXIS 

K=1 
Mlrex= TzLHO/NfiIV 
MAXXZXMAX/NDIV*005 
NDIF =MAXX—MINX 
I tUEL7-Nl NU IF 
)(MIN=MINX*I.JDIV 
NPL=NPL+1 
NPr,U3=M0D(NI'Ls2) 
IF (ISIZ *E®r 2) NPM00=1 
IF ("1PMOD aEO* 1) PRINT 910 
IF (NPMOD sEO* 11) PRINT 911 
IF (IFLGa eEOs d)) GOTO 173 
CALL HSl2(PTAB9NCNTsRELsI1Us1GGs) 
KCL 1VV=1 slELL 
PRINT 931sLBL*HLL 
PRINT 932 
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60TO 180 PLOTPRT•7C 
17 ;1 IIE.I.INV=1 . PLOTPRT *71 

PRINT 93r',LBL •Nif'sIHIST (GIP ) 9JHIST(IJP) PLOTPRT.72 
PRINT 932 PLGTPRT*73 

1H) CONTINUE PLOTPRT*74 
YVAY=r1. PLOT[ - PT*75 
DO 190 I=K,NCNT PLOTPRT•76 
ZTAB(I)=PTAB(I ► NP)*RELINV PLOTPRT*77 

190 Yt1AK=AM,AXI(VMAYgABS(ZTAB(I))) PLOT?RT.78 
IF (PMAX *(',T. Os) YMAX=PMAX PLOTPRT*79 
LAPX=YIIAX* ni99 PLOTPRT*PQ 
XLAB=LABX PLOTPRT*81 
IF (LAPX *GE• 1) GOTO 230 PLfJPRT*82 
XLAB=il.1 PLOTPRT.83 
IF (YMAX-0*1) 210923P922(i PLOTPRT.84 

211 LAPX=(YMAX+0*0+199) *l00* PLOTPRT*85 
LABX=(LABX+1)/2*2 PLOTPRT.86 
XLAB=LABX*J-*Ql PLOTPRT.87 
GOTO 230 PLOTPRT.88 

221 LAPX=( YMAX+0•(199) * l(ll. PLOTPRT*89 
XLAB=LABX*"idl PLOTPRT*90 

23f~~ DELL=XLAB/tJLAS PL!)TPRT*91 
00 24U I=1 •IH PLOTPRT *92 

24",  NT2(I)=1H PLOTPRT.93 
LAPX=MIt4X-1 PLOTPRT.94 
DO 250 L=lslisIOEL PLOTPRT*;95 
LAHX=LABX+1 PLOTPRT*96 
NUMB=LAPX*MDIV PLOTPRT*97 
ISCALE=lf)0o0 PLOTPRT.98 
IX=G PLOTPRT.99 
DO 245 NN=194 PLRTPRT*100 
N0MB=NUMB'-1X * lSCALE. PLOTPRT •101 
ISCALE=0.1*]SCALE P~OTPRT.102 
IX=NUMP/I'SCALE PMPPT*1P3 

,245 IJT2(L+NN-1)=NUMS(IX+1) PLOTPRT.104 
IF (4T2(L) AEU* ]HO) FIT2(L)=1H P~OTPRT*105 

25 11 CONTINUE PLOTPRT.IP6 
PHTNT 94n,(NT2(I)•I=19IH) PWPRT*1f)7 
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GYINV=NVD/DELL PLOTPRTe,l06 
0XINV=FLOAT(113EL)/NUIV P,LOTPRT*109 
DO 280 1=K,NCNT PLOTPRT*118 
NBD(1)=(TIEHu+(I-1)*GT *,S—XtiIN)*®XINV$1.5 PLOTPRT*111 

2ho MBD(I),(XLAB—ZTAB(l)) *GYINV+I*5 PLOTPRT*112 
JLttD=NVD+1 PLUTPRT*113 
JS=6 PLUTPRT*114 
XLA=XLAB+DELL PLOTPRT*115 
DO 390 IF=192 PLOTPRT*116 
DO 386 I= 19NLAL: PLOTPRT*117 
DO 350 J=I,JEND PLOTPRT*118 
JS=JS+1 PLOTPRT*119 
JMID=1/JS—J/JENO PLUTPRT*126 
DO 302 L=1INH PLOTPRT*121 

3Q2 N12(L)=1H PLOTPRT*122 
IF (JS *E(I* 1) GOTO 304 PLUTPRT*123 
IF (I *LT* NLAB) GOTO 316 PLOTPRT*124 
IF (J •LT* JEND) GOTO 310 PLU1PRT*125 

3,14 DO 3,.:6 L =19NH PLUTPRT*126 
306 N12(L)=1t1— PL0TPRT*127 

00 3>1B L=19NH,IDEL PLOTPRT*128 
368 NT2(L)rlbi+ PLOTPRT*129 
316 DO 326 L=K,NCNT PLOTPRT*130 

IF MOM) *NE® JS) GOTO 320 PL0TPRT*131 
NT2(NBD(L))=1H* PL0TPRT*132 

32tj CCNTI NUE: PLUTPRT *133 
IF (JMIO aNE a 0) GOTO 336 PLUTPRT*134 
NT2(1)=1HI PLUTPRT*135 
NT2(41-1) =1HI PLUTPRT*136 
PRINT 9119 (I14T2(L)9L=l9MI) PLb1PRT*137 
GOTO 356 PLOIPRT*138 

33.1 N12( 1 ) =-11l+ PLUTPRT* 139 
IF ((JS *GIs 1) .AND. (I *LT* NLAB)) NT2(NHI=111+ PLOTPR7*141 
XLA=XLA—(DELL PLOTPRT *141 
PkINT 9b0,KLA,(NT2(L)i1,.=1eN10 PLOTPRY6142 

35rj C0NT1WUE PLOTPRT#143 
38" JEND=NVD PLUTPRT*1.14 
39'j CONrIWUL PLUTPRT*145 
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O 
O 

491 CONTINUE 
RETURN 

91(r FORMAT I I H I ) 
911 FORMAT /2(/)) 
931 FORMAT (2(/)♦8X4A14t43X9HLOCATION 9I293X6HGRID (91291H91291H)/) 
931 FORMAT (2(/)98X4A1;!t48X13HMULTIPLIEf( = t1PE8.1/) 
932 FORMAT (55X14HTIME (SECONDS)) 
9411 FORMAT 41OXt122A11 
96.E FORMAT (lXF1n.2t1X120A1) 
97'1 FORMAT t12X120A1) 

END 

PL3TFRT.146 
PLOTPRT•147 
PLOTPRT.148 
PLOTPRT.149 
PLOTPRT.ltiO 
PLOTPRT•151 
PLOTPRT.152 
PLOTPRT.153 
PLOTPRT.154 
PLOTPRT.155 
PLOTPRT•156 
PLOTPRT.157 
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c 

N 0 FJ 

SUBROUTINE ITLI046fIR%JWEIFsIIWEIR®I2WEIR ITLI®2 
A riv1EIR,IUEiR,JIUEIR'J2WEINIDY5) ITLI®3 

ITLI*4 
CUUN] DAM SEGMENTS' INITIALIZE DY5 /USED IN OVER'—TOPPING CALCS) ITLI®5 

ITLI *6 
EXTERNALS lifFERENCED ITLI®7 

(NONE) ITLI*B 
LXT~RNALS CONTAINING REFERENCES ITL1.9 

INITIAL ITLI®lU 
ITLI*ll 

DIMENSION JU,E IP(1)jI1WfIR`l)sI2WEIR/1) ITLI*12 
DIMENSION IuflF(I)sJIWEIRtll,J2WEIR(1) ITLI*13 

ITLI dl4 
IF MUIR .LE • 0-) RETURN ITL1.15 
NTUTJ=NENUJ=0 ITLI.16 
00 20 J-1INUEIR ITLI*17: 
KJ=I2wFIR(J)—IlWEIR(J)tl ITLIS18 
NIOTJ=N(DTJ*KJ ITL1*19 
KJI=4IN0(KJ92) ITLI.20 
ICND=I 11 LIRIJ) ITLI *21 
DO 2a1l KJ=I'KJ1 ITL1.22 
KEtID=1 ITLI®23 
IF (MWEIR .LE® 0) GOTO 15 ITLI*24 
Du 10 I=1911.aElla ITLI*25 
JENO= J IWL I ld I I) ITLI ®26 
DO Ul KI=192 ITLI#27 
IF MWEIR ( I) *ED® IEND ) ® ACID* (JEND 6EO ® JWEIRIJ))) KfN9D=0 ITLI®26 
IF t((IWfIH ( I) .E(8® IEND-1) *OR* ( IWEIRCI ) % EU® I010#11 ) ITL1s29 

A *AND * 1(JEND .E®. JUEIP ( J)-1) .OR. ( JEND *E®. JU[IR4J )*1))) ITLle3U 
B KLND=wl ITLI®31 

In JEHD=J2WEIR(I) ITL102 
I5 VENOJ=NENDJ+KUNG ITL103 
21, IEND= I2WEIHtJ ) ITL104 

DYB=DY5*(1.—NE140J/(2.*(4TOTJ)) ITLI®35 
RETURN ITLIs36 
END ITL1a37 
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SUBRJUTINE IIRT1(I TYP,NAME, IVAL,ILEN,TEXT) 
C 
C PRINT THE IJAME9 VALUF9 AND DESCRIPTION OF A VARIABLE 
C 
C FXTERNALS RE..FEVENCED 
C (NONE) 
C FXTE:RNALS CONTAINING REFERENCES 
C D ATAPRT 
C INITNAT 
C INITFOR 
C 

INTEGER TEXT(1) 
INTEGER FMT/3)9FMT1(5)9(MT2(1V) 
DATA FMT/2*1tl sbs 194XHA1f))/ 
DATA FMTI/itIM11XAil?-p 910H41XA101 •3*1H / 
DATA FMT2/11)HG16*6 11(IH11294X 910HF12*394X 91QH4XA1092X 

A 6*1H / 
C 

FMT(1)=FMT1t(ITYP-1)/21)*1) 
K) 

FMT(2)=FMT2(fl1j0(ITYF•lV)) 
LEN=MAXO(lvMINiJ(B,vILEN)) 
IF (LEN *EQ* ILEN) PRINT FMTtNAME*IVALitTEXT(I)9I=191LEN) 
IF (LEN *NE* TLEN) PRINT FMT -pNAMEipIVAL 
RETURN 
END 

PRT1*2 
PRT1*3 
PRT1.4 
PRT1*5 
PRT1*6 
FRTl*7 
PRT1*A 
P R T 1 *9 
PRT1*10 
PRT1*ll 
PRT1*12 
PRT1*13 
PRT1.14 
PRT1.15 
PRT1*1F 
9PRT1*17 
PRT1*16 
FRT1.19 
PRT1*2: 
PRTl*21 
PRT1*22 
PRT1*23 
PRT1*24 
PRT1*25 
PRT1*26 
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N 
0 
w 

SUBROUTINE Vl4T2(Z'P+*M'LbL) 
c 
C PRINT THE INPU T GRID (DEPTH GRID) 
C 
G FXTEINALS REFERENCED 
c ( NONE ) 
C EXTERNALS CONTAINING REFERENCES 
c DATAPRT 
c 

DIMEVSION Z(N$M) 
K6=(4-1)/16+1 
IN1=1 
KKL=i1 
DO 50 KK=1•K6 
IN2=MINn(IN1*159N) 
KKL^KKL+M+7 
IF (KK •EQ6 1),  G®TO 20 
KFF=1H0 
IF (<KL *LE. 63) 6010 10 
KKL=4 *7 
KFF=1H1 

1t, PRINT 1i12 9 KFF'LDL 
GUTU 31 

2 PHINI 14119LBL 
36 PRINT I03,(K,K=IN1tIN2) 

PRINT ln4 

4e' PRINT IfibsJ9U (Kid )'K=INIe, N211 
+:►  IN1:;1N2*l 

R L I U R N 
c 

101 FUI~MAT (1H1'A50H LRID) 
102 FUKMA1 4,AIMWIA5I17N 6R 11) ICONT114UED)) 
10;3 FORMAT (/5XI1J%I5v1bI8) 
1. ri4 FURMAT (9:X Ill  ) 
I FORMAT (IX13sIEFH*1) 

END 

PRT2 ®2 
PRT2e3 
PRT2»4 
PRT205 
PRT2®6 
PRT2®7 
PRT208 
PRT2s9 
PRT261G 
PRT2»11 
PRT2.12 

a PRT2®13 
PRT2.14 
PRT2.15 
PRT2.16 
PRT2®17 
PRT2elbs 
PRT2®19 
PRT2.20 
PRT2.21 
PRT2 ®22 
PRT2.23 
PRT2®24 
PRT2s25 
PRT2.26 
PRT2 ®27 
PRT2s28 
PRT2s29 
PRT2.38 
PRT2A31 
PRT2s32 
PRT2s33 
PRT2e34 
PRT2®35 
PRT2s36 
PRT2.37 
PRT2e3d 

, 
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SUBPOUTINE NRT3(Z jNjM) PRT3.2 
PRT3.3 

PRINT AN AhRAY OF CHARACTERS PRT3.4 
PRT3.5 

EXTERNALS REFERENCED PRT3.6 
(NONE) PRT3.7 

EXTERNALS CONTAININb REFERENCES PRT3.8 
DATAPRT PRT3.9 

PRT3*10 
DIMENSION 7_(N'Pi) PRT3.11 
NZ=Ni 1 n PRT3.12 
IF (NZ .6V. 1) PRINT 1119(J9J=IvNZ) PRT3.13 
IF (NZ *[Go 9) PRLNT 101 PRT3.14 
PRINT 102v4M0D(Jg1l!)•J=1qN) PRT3.15 
PRINT 103 PRT3.16 
DO 1k1 I=11M PRT3.17 
PRINT in4,I,(1(J.I),J=1,N) PRT3.18 

10 CONTINUE FRT3.19 
PiT3.29 

1 1)1 FORMAT (1 ()X1HJ*9I 1 (1) PRT3.21 
102 FOPMAT (11X9911) PRT3.22 
113 FORMAT (6X 1111 1 PRT3.23 
104 FUF:MAT 46XI293X99A]) PRT3.24 

RETURN PRT3.25 
END PRT3.26 

C 
N 
0 
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r.a 
0 
u, 

I 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE PRTA(KVURS) PR14.2 
PRT4.3 

PRINT HEADING OF THE COMPUTER RUN PRT4.4 
PRT4.5 

ExifRNALS I(EFERENC E D PRT4.6 
TIME (CDC LIBRARY) PRY-407 
DATE (CDC LIBRARY) PRT4.8 
MASK (CDC INTRINSIC) PRT4.9 
SHIFT (CDC INTRINSIC) PRT4.18 

EXTERNALS CONTAINING REFERENCES PRT4.11 
DATARDR PRT4.12 

PRT4.13 
DIMENSION ID(Ei('-)9NCHR(i0) PRT4.14 
DIMENSION KHEAD(f 1 5) PRT4.15 
1[1CHRlI1=StiIFT( ID((I-l )/18~1 ) s6~t'~00 ( I-1t1U1) PRT4.16 
DATA ISP,IST11H jiti-/ PR14.17 
DATA KhUAD/5tJL 15H SSS 151-lbJ W15H A •5HV V95t(EEEEE PRT4.18 

A 95HL 9 51iS ,5F''W W*51i A A 95HV V 9 5HE PR74.19 
8 951AL 15H SSS '5HW W W95HA A'5HV V 9 5HEEE PRT4.2(s 
C O HL 95H S,5HW W W,50AAAAA,5H V V 95HE PRT4.21 
U ,SHLLLLL,SHSSSS ,5H W W 15HA At5H V ,5HEEEEE/ PRT4.22 

PRT4.23 
CALL TIMU M IME) PRT4.24 
CALL DATE(KDATE) PRT4.25 
NXCriR= O PR14.26 
IDN=O PR14.27 
101=-H PRT4.28 

9LI IuN=IDN+1 PRT4.29 
IOI=IOI+A PRT4.30 
READ 9:f3,(IO(IDI+I)tI=1®8) PRT4.31 
IDCO14T=IOCHR(BGe+IDI*1n) .AMD. MASK(6) PRT4.32 
IUCONT=4HIFT(tI000fJT *10* 1L+)9-6-1) .OR. PRT4.33 

A SHIFT((IDCONT .EO. 1L/)1-60) PR14.34 
1DCGNI=IDC(INT &AND•*fJOT* IIASK(59) PRT4.35 
PJMCHR =130-I OCO NT PRT4.36 
UO 91 I=1,NMCHR PRT4.37 
ICI1R=(IDCHR(NFiCHR+1-1+101*lO PANDs MASK4L)) PRT4.38 
IF (ICNR .NE. IL ) GOTO 92 PRT4.39 
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91 CUNT INUF PRT4*4(l 
I=A~MCHR+1 PRT4*41 

92 vCHR(ION)=NMCHR+1-I PRT4R42 
NXCH3=MAXA(NXCHR9NCHR(IDN)) PRT4*43 
IF ((IOCnNT :E0% 1) *AND. (IDN *LTt It) GO TO 90 PRT4*44 
PRINT 9011(K)1EAD(It))9I=196)tKVERS9((KHEAO(19J)tI=196)9)=293)9 PRT4*45 

A KTIMFtKDATEt((KHEAD(19J)tI=196)tJ=4951 PRT4*46 
IF 1(NCHR(1) &EQo 'I) *AND* (IDN *E(1* 1)) GOTO 94 PRT4*47 
IF ( ION %LEe 5) PRINT 905 PRT4*48 
IF (TON *G7* 5) PRID.T 904 PRT4*49 
NSPA=(131-12-NXCHR)/2.+1 PRT4.50 
NXSPB=NSTB=3 PRT4*51 
NSTA=NXCHR*2*NXSPB+2*NSTB PRT4*52 
PRINT 9929(ISPtI=I9NSPA)t(IST91=19NSTA) PRT4*53 
PO 93 J=1tIDN PRT4*54 
NMCHR=MAX(l(1tNCHRI J)) PRT4*55 
NSPB=NXSPB+(NXCHR-NMCHR)/2 PRT4*56 
NSPC=2*NXSP0+NXCHR-NSPB-NMCHR PRT4*57 

93 PRINT 9(.)2t(ISF t I=1tNSPA) 9 (IST 9 1=19 NSTB)9(ISP9I=1 9 NSPB)t PRT4*58 
o . A (IDCkJR ( I+(J-1)*80) t I=1tNMCHR )*(ISP t I = ItNSPC ) t(167tl =19NSTB ) PRT4*59 

PRINT 9(f29(ISF'tl=19NSPA ) t(ISTtI=1tNSTA ) PRT4*60 
94 CONTINUE PRT4*61 

1F (ION *LE* 5) PRINT 905 PRT4*62 
IF (IDN *GT* 5) PRINT 904 PRT4*63 
RETURN PRT4*64 

c PRT4*65 
9111 FURMAT (1H1/1X22H -- LS4AVE -- 26X6A6t PR14*66 

A 25X22H -- DEVELOPED BY -- PRT4*67 
8 /1X14H VERSION A493(lX6A6 9  PRT4*68 
C 25X221i TETRA TECHip INC* PRT4*69 
U /24X22(1H-)3X6A6t1X21(ltl-) PR14*7() 
E 3X,22H630 No ROSEMEAD BLVD* PRT4*71 
F /1XAla)v1XAIUt27X6A6t PRT4*72 
G 25X22HPASADENAt CALIF* 91107 PRT4*73 
11 / 49Xt-A69 PRT4*74 
I ?5X22H 1213) 449-6409 ) PRT4*75 

902 FOUMAT 4132A11 PRT4*76 
q13 FOPMAT (RA19) PRT4*77 
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904 FOPMAT 12(/)1 PRT4e78 
9v5 f0l(MAT 14(1)) PR14s79 

END PRT4.f C- 

N 
0 
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C 
c 
C 
C 
C 
C 
C 
C 
C 
c 

C 

C 

SUURDUTINE Pt7 T5(ZvNsM) URT5.2 
PRT5.3 

PRINT ARRAY OF CHAPACTFRS (ALTERNATE VERSION OF PRT3) PRT5.4 
FRT5.5 

f_XlEiNALS REFERENCED PRT5.6 
(NONE) PRT5.7 

EXTERNALS CONTAININ6 REFERENCES PRT5 *8 
i PIT TF OR PRT5.9 
1141 TN AT PRT5*10 
INITFLT PRT5.11 

PRT5.12 
DIMENSION Z(NoM) PRT5.13 
DIMENSION NUM (If)) PRT5.14 
DATA NUM/lt1091Hl9lt12t1H3tltf4t1H591H6t1H7t1H8l1H9/ FRT5.15 

PRT5.16 
NZ=N/ l U PRT5.17 
IF (NZ *GE* 1) PRINT 101t1HJ,tJtJ=1,NZ) PRT5•l6 
IF (NZ •E(I, A) PRINT 101,1HJ PRT5.19 
PRINT 1029(!40D(J91'l),J=1tN) PR15.20 
PRINT 103,lHIt(1H-tJ=1,N) PRT5.21 
DO 10 1=10 FRT5.22 
IDIGI=NUM((/10+1) PRT5.23 
IDIG2.=NUM(MO0(1910)+1) PRT5.2.4 
IF (I .GE• 15Y GOTO 5 PRT5,25 
10101=NUM(I+1) PR15.26 
IDIG2=1H PRT5.27 

5 PRINT 104,I9(Z(J t I),J= 19N)91H-tIDIG19IDIG2 PRT5.2H 
1`) CONTINUE PRT5.29 

PRINT 10391H , (Id'-9J=1 tN) FRT5.30 
PRINT 1029(MOU(Jt1l)tJ=1tN) PRT5.31 
IF (NZ .EQ. 11 ) PP.INT 101.111 PRT5.32 
IF (NZ .GE. 1) PRINT 1('1,1H t(JtJ=ltNZ) - PRT5,33 
RETURN PRT5.34 

PRT5.35 
101 FORMAT (1UXA199IIO) PRT5.36 
142 FORMAT (11X9911) PRT5937 
103 FORMAT (f3XA1,2X99A1) PRT5.36 
1'a4 FOPMAT (8XI2+111-102A1) PRT5.39 
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C 
C 
C 
C 
C 
C 
C 
C 

N 
N 
0 

SUBROUTINE HST1(ZS9f4EStMES97-iIZiRZiNHIINHSvNlrNP) 

PICK OFF VALUES NEEDED FOR ONL LINE OF PRINT FOR ROUTINE HISTIRT 

EXTERNALS REFERENCED 
((JOKE) 

L.XfERNALS CONTAINIJJG REFERENCES 
,HISfPRT 

DIMENSION ZS(NES9MLS)9Z4NP) 
IF (VHI .ER. 0) RETURN 
IF (VHI,+NHS-1 .LT. Ni) RETURN 
N2=N1+NP-1 
IF (NHI .GT. N2-) RETURN 
NHI=MAX(!(NHIvNl) 
NH 2=M I No (NHI +NHS-1 9N2 ) 
DO 19 J=NHI.PNH2 

lk,  Z(J"Nl+l)=7S(IZtJ—PJHI+1)+RZ 
RETURN 
END 

HST1.2 
HST1.3 
HST1.4 
HSTI.S 
HSTI o6 
HST1.7 
HST1.8 
HST1.9 
HST1.1.0 
HST1.11 
HST1.12 
HST1.13 
HST1.14 
HST1.15 
HST1 +16 
HST1.17 
HST1.18 
HST 1019 
HST 1.2r 
HST1.21 
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SUBROUTINE. HST20 jNES'RE:L' IulULIM) HST202 
C HST2®3 
C vETERMINE SCALING FACTOR FOR PRINTING OR PLOTTING HST2.4 
C HST2.5 
C EXIERNALS I(EFERENCED HST2s6 
C (NONE) HST2*7 
c ExIERNALS CONTAINIIJG REFERENCES HST2*6 
C 1IISTPHT HST2.9 
C PLOTPRT HST2*10 
C HST2®11 

DIMENSION UtNES) HST2®12 
0H AX= A* HS12.13 
DO lel I =19NES HST2*14 

lu UMAX=AMAX1(UMAX %QtI)) HST2P15 
REL=1s HST2.16 
IU=U HST2.17 
IF (AMAX .t_T. G1LIM) RETURN HST2*Ifd 
IREL=1 HST2.19 
00 20 I=108 HST2.20 
UMAX=UMAX*b*l HST2s21 
IREL=IREL*1G HST2*22 
I0=10+1 HST2*23 

211 1F (UMAX .LT* SLIM) GOTO 30 HST2.24 
IREL=IREL *lu HST2®25 
I0=I0+1 HST2*26 

3 REL=IIt("L HS12 *27 
RETURN HST2 *2fi 
ENG HST2r29 
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N 
N 
N 

C~ r—1 C.J 

SUBROUTINE SLO1(MAP • t1P9I4P ♦"XSP •LSP•f'SLP •NSLP ) SLD1,2 
C SLU1*3 
C FINU C )jMPUTATIONAL ELEMENTS LYING IN SLIDE PATH SLD1 *4 
C SLO1 *5 
c EXTERNALS REFERENCED SLDI*6 
C CSORT SLD1*7 
C ERR SLD1*6 
C EXTERNALS CONTAINING REFEPENCES SLDI*9 
C I t)I TF OR SLD1 *1 it 
C INITNAT SLDI*ll 
C SLD1*12 

COMMON /DATA/ D12011 0)•CD•CMANN•CED•DCONV•UT•DX•DY•EMAX•G• /DATA/o2 
A HWEIRI ( 9)•kiUEIRJ ( 9)•TMAX •TS(21 )9 7ZER0 9 UMAX • Z0• /DATA/93 
R IC•ICC9 IENV•IHIST45(1)911.R(2*3)•IO6(4)*IPLTF• /DATA/94 
C I1UF(4)*1206 4 4)•IS•ISP•IWEIR(9)9IIWEIR(9)912WEIR19)9 /DATA/*5 
U JFiIST(5n)•JOB(4)•J1OB(4)•J2OB(4)*JWEIR(9)•JIWEIR(9)9 /DATA/*6 
E J2NEIR19 )*LSE*LSKEY * LSU*t4 9 MES*MOB•MWEIR • NlNUS•llOB• NWEIR / DATA/e7 

COtIMDN /SIMU / CC*CDTOX•CDTD15 9 CDTDY•CDTDY5 9 CD29CTMR•C3X•C3Y • / SIMU/.2 
A DTDX•DTDX59DTDY*DTDY59DXDT290XDT2C•DX59DYOT29DYDT2C9DY59 /SIMU/*3 
B GDTDX•GDTDY*G59tiWEII*tiWE129HWEJI•HNEJ29IES9ITS(21)•JES(50)9 /SIMU/*4 
C KES*KS*KT * MAXCP•MAXCPM •MAXCPN • MS•NS 9 PI.OT • T /SIMU/*5 

COMMON (DSLD/ NSL•FISL•NXN•t,TV•MSUB•NSUB•THETA•COST•SINT• /DSLD/*2 
A WSL • OSL•XU • YU•CUP • CDV•SGEL • AKoPHI • FRIC •TITLE ( 7)9 /DSLD/*3 
B XSL ( ltll)•TSL ( till)•HSL ( ini*1())• VSL(1 ('1*ln) /DSLD/*4 

COMMON /SLDII NSP(10)•K''KSP•IKSP(50 1))*JKSP(500)•)ISN(10)•VSN(1D)• /SL.D1/*2 
A flA•NA * DXA*UYA * DXDXA • DYDXA * DXDYA * DYDYA • AMN•t4NA * ITV•LSMAX ( 1(1)• /SLO1/*3 
B XA425110) /SLD1/*4 
DIMENSION MAP(MP*NP)•XSPIMSLP*NSLP)•LSPIMSLP•NSLP) SLJI*17 
LOGICAL OUTSID SLDI*lfi 
INTX(X)=INT(X)—(1*AND*SH1FT(X+1*E-10*-6n)) SLO1*19 
DATA EPS/I*E-12/ SLD1*2n 

C SLD1*21 
DXMDX A=DX—UXA SLD1 *22 
DYMOYA=DY—DYA SLD1*23 
DYAD=0*5*D.YA —DYMDYA SLD1*24 
DXAU=0 *5*DXA-DXMDXA SLD1*25 
UO 30 J=19N SLD1*26 
DO 33 I=1*M SLDI *27 
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w 

iJ=MAP(19J) 
IF ( IJ .LE .6 V) GOTO 30 
IF (IJ o6E. MAXCP) 6010 30 
IF 4D(Id) .E(19 00 GOTO 30 
XPMIN=YNMINXIof10 
XPMAX=YPMAX=-1*E 10 
X=( I-0 `5) *DX+DXAed 
Y0=(J—(1s5)*DY+GYA0 
DO to KI=1'2 
X=XtDXMDXA 
Y=Y0 
DO 10 KJ=192 
Y=Y+DYMDYA 
XP=tX—XO)*COST$(Y—Yo) *SINT 
YP=(Xo'—X)*SINT+(Y—YG)*C(IST 
XFMIN=AMIN1(XFMINsXPT 
XPMAX=AMAX1/XPVAX!XP) 
YPMIN=AMIN1/Yf liJN' YP) 
YPMAX=AMAXl1YPMAX'YP) 

IN CONTINUE 
K1=MAXDII9 1NTX((YPMIN—EPS)/DSL)+I) 
K2=MINO(NSL91N(X((YPMAX+EPS)/DSL)el) 
IF (K2 *LT* KI) GOTO 30 
O UTSID=.TRUE+ 
DO 20 K=K19K2 
IF (XPmi N .GT* XSN(K)—EPS) GOTG 20 
IF (XPMAX *Lie —(XSL(NXH)+EPS)) GOTO 20 
0UTSI D=*F ALSE % 
INSP=N ,SP(K)=NSP(K)+l 
IF (INSP&GT*LSMAX(l)') CALL ERRd52%15bvll0li-- EXCEEDED MAXIMUM 

9 K OF SLIDE COMPUTATIONAL POINTS IN PATH OF SINGLE SLICE' 
1 1 2' 9liSL I CE NU „K ) 

XSP(INSP'K)=XPM+IN 
LSPI IN ,SP*K)=NKSP*l 

211 CONT I NUE 
IF (OUTSID) 6010 33 
hKSP=NKSP+1 
IKSP(NKSP)=I  

SLDI®2d 
SLDI*29 
SLD193u 
SLD1931 
SLDI 932 
SLD1933 
SLDl*34 
SLD1s35 
SLDls36 
SLD1937 
SLDI938 
SLDI*39 
SLD194U 
SLD1941 
SLDI*42 
SLD1943 
SLD1944 
SLD1945 
SLDI*46 
SLD1947, 
SLD1946 
SLD1949 
SLD1950 
SLD1951 
SLD1952 
SLDls53 
SLD1954 
SLD1955 
SLDI 9 56 

NUMBESLDI*57 
SLDls5b 
SLDI®59 
SLDIs6u 
SLDI*61 
SLD1962 
SL01s63 
SLDI s64 
SLD1s65 
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N 
h' 
IA 

JK;iF'(NKSP)=J 
3 , ' CONTINUE 

r. 
DO 4 1) K=1tIaSL 

41,  CALL CSORT(XSP(IPK)150(~tlo,1*N"P(K)s1t2) 
RETURN 
END 

SLD1 .66 
SLD1.67 
SLDI*68 
SLD1 .69 
SLD1.76 
SLD1.71 
SLD1.72 
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IF(NSEGoGT•1:'CI) STOP 1C0 SLD2*29 
C SL02*39 
C INTERPOLATl FUR INTERNAL H VE. X TABLE KITH EQUAL INCREMENTS DS SLD2.31 
C SLD2*32 

XNNII)=XSL(1) SLD2*33 
HNN (1) =liSL (1 •1) SLD2.34 
XNN(NS!S)=XSL(NXH) SL02.35 
HPJN( ISIS) =HSL(  NXH• 1) SL02*36 
DO 3n I= 29MSEG SLD2.37 
XNN(1)=(I—I)*DS SLD2.38 
DO 21) J=29P+XH SLD2*39 
IF(XPIN(T)*GE#,XSL(J)) GC TO 20 SL02*40 
HNi4(I)=AL1P!EAR(XNN(I)•)(SL(J)iXSL(J-1) tIISL(Jt1)tliSLIJ-1.1)) SLD2*41 
GO TO 30 SLD2*42 

21` CONTINUE SLD2*43 
39 CONTINUE SLD2*44 

C SLD2*45 
C CALCULATE CROSS SECTIONAL AREA OF SLIDE SLD2*46 
C SLD2*47 

AREA=O* SLD2.48 
HMAXO=HSL(191) SLD2.49 
DO 40 1=2,NXli SL32*50 
HMAX0=AMAXIIHMAXOgHSL(191)) SL02*51 

4'- AREA=AREA+(XSL(I)— XSL(I-1))*IHSL(191)+HSL(II-191)) SLD2.52 
AREA=0*5*APEA SL02.53 

C SLD2*54 
C CALCULATE CROSS SECTIONAL AREA OF ESTIMATED SLIDE SLD2*55 
C SLD2.56 

AREAI =Q* SLD2 *57 
DO 45 I=2,NSS SLD2.58 

45 AIiEAI=AREA.I+(XNN(I)—XNN(I-1))*(IiNN(I)+tINN(I-1)) SLD2v59 
AREAI=0.5*AREAI SLD2*60 

C SL02 *61 
C ADJUST ESTIMATED HEIGHT SG THAT INITIAL VOLUME IS RETAINED SL02.62 
C SLD2.63 

RATI3=AREA/AREAI SLD2.64 
DO 46 1=19NSS SLD2*65 

46 HNN(1)=RATIO*HNN(I) SLD2*66 
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C SL02e67 
C (DEFINE VOLIDME OF EACH SEEMENT OF SLIDE AND VOLUME OF TOTAL SLIDE SL02.f'o 
C SLD2 *69 

VTOTAL=eI. SL02.70 
TLM=WSL*[DS*0.5 SLO2 ®71 
DO 51) I=19PDSEG SL0202 
VOL(I)=TEM*/HNN(I ♦ T)+HNNtI)) SLD2.73 

5a VTOFAL=VTOIAL*VOLGI) SL02.74 
RETURN SLD2675 
E:IvO SLQ2*76 

tv ° 
N 
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C 

C 

C 

SUBROUTINE ELD30APOP9NP) SL0392 
SLD393 

PICK EQUALLY SPACED POINTS OF INCREMENT DS ALONG THE CENTER SLD3.4 
LIME OF NATURAL SLIDE SLI?3.5 

SLD3.6 
FXTEiNALS KEFEKENCED SLD3.7 

ERR SL93.8 
EXTERNALS CONTAINING REFERENCES SL03.9 

INITNAT SLD3.1n 
SLD3.11 

COMMON /DATA / D(2010 ) tCDtCMAIJPJICEDtDCO14V9UTtDXtDYtEMA 'X1069 /DATA/&2 
A H6EIRI(9)ltiWEIRJ(9)tTMAY9TS(21)97ZERO10UMAXtZ09 /DATA/•3 
B IC91CC9IENV 9 1HIST(50)9TLR ( 2t3) 9IO8 ( 4)91PLTF9 /DATA/.4 
C I108 ( 4)9I206(4)t'IStISP91WEIR ( 9)911WEIR(9)912,WEIR (9)9 /DATA/.5 
D JHIST(Sn)10JOB(4)tJIOB(4)tJ2OB(4) t JWEIR(9)tJiWEIR(9)9 /DATA/•6 
E J2WEIR(9)tLSE9LSKEY9LSUtM9MEStMOB*MWEIR9NiNE'StNOBtNWEIR / DATA/•7 

COMMON /SIMU/ CCtCDTDXtCDTOX59CUTUYtCDTDY59CD29CTMR9C3X9C3Yt /SIMU/*2 
A OTDXtDTDX59DTDY9DTDY59OXOT29OXDT2C9DX590YDT2tDYOT2C9DY59 /SIMU/.3 
B GOTDXtGDTDYtf359HWEI 19 NWE129HWEJ19HWEJ29IEStITS(21)tJES(50)9 /SIMU/,4 
C KES9KStKTtMAX+CPtMAXCPM'tMAXCPN9MS10NStPI9019T /SIMU/•5 
COMMON /DSLD/ NSLtMSLtNXHtNTVtMSUBtNSU89THETAtCOST9SINTt /DSLO/•2 

A W;SL9DSLtX09V09CUP9COV9SGSL9AK9PH19FRICtTITLE(7)9 /DSLD/.3 
B XSL(inl)tTSL(101)911SL(101ti0)tVSL(10191()) /DSLD/94 
COMMON /SL04/ NSEE69NSS9KIJ9US9VTOTAL9HMAXOtXNN(100)tHNNCIOU)t /SLD4/*2 

A ON(10A)tVOL(160) /SLD4/•3 
UIMEVSION MAP(MPtNP) SL03@,16 
AIP,!TER(RtY19Y2) _ (Y2—Y1)*P+Y1 SL03.17 

SL03.18 
XMAX=M*DX SLD3.19 
YMAX=N*DY SL03.20 
KIJ=1 SLD3.21 
XP=—NSEG*US SLD3922 
YP=USL*095 SLD3923 

SLD3.24 
1~ CGNTINUE SLD3.25 

X=YP*COST'-YP*SINT+XO SLD3.26 
Y=XP*SINT+YP*COST+YG SLD3.27 

SLD3926 

C 
C 

C 

C 
C 
C 

C 
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If(X*GT.XViAX *OR*X *LT *DX ) GO TO 20 SLD3*29 
IF(Y*VT*YI'IAX.OR*Y.LT*DY) 641 TO 2J SL03*3a 
xI=X/DX SLD3*31 
I=xI SL03*32 
YJ=Y/DY SL03*33 
J=YJ SLO3*34 
IJ=MAP(ItJ) SLD3*35 
IPJ=,,4AP(I*I'J) SLD3*36 
IF ((IJ *LF. 0) *OR* (IJ *GE* MAXCP )) G®TO 15 SLD3*37 
IF ((IP.1 .LE, ti) OR* IIPJ *GE* t1AXCP)) GOTO 15 SLD3*38 
ON(KIJ)=AILATER(YJ—J*AINTER()(1—I10(IJ)'D/IPJ))' SL03*39 

* AINTER(Yl'—Iv0(IJ*1)90(IPJ*ll)) SLD3*40 
KIJ=KIJ+I SLD3*41 
IF (KIJs6T*l0u) CALL ERRt549l98s7IH-- EXCEEDED MAXIMUM NUMBER OF CSLO3*42 

* OMPUTATIONAL POINTS IN NATURAL LANDSLIDESu) SL03*43 
15 XI✓ =XP*DS SL03*44 

GO T3 lU SL03*45 
21i KIJ=KIJ-1 SL03*46 

RETURN SLD3*47 
CND SL03*48 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

N 
N 
0 

C 
C 
C 

SUBR3UTINE SLD4 SLD4.2 
SL04-*3 

GENE;ATE TABLE OF SLIDE VELtCITY VS• TIME FOR UNEQUAL TIME STEP SLD4.4 
(NATURAL LANDSLIDE) SL04.5 

SLD4.6 
EXTEiNALS REFERENCED SL0497 

SIPI (CDC LIBRARY) SLD4,8 
Cos (CDC LIBRARY) SL0499 

ATAN (CDC LIBRARY) SLD4.1') 
SORT (CDC LIBRARY) SLD4.11 

EX(EiNALS CONTAINING REFERENCES SL04.12 
INITNAT SLD4.13 

SL-D4.14 

COMMON /DATA/ D(2*00(E)VCDrCNANNgCEDoDCONViDTtDXoDY*EMAXgGt /DATA/•2 
A HWEIRI(9)•HWEIRJ(9)tTMAXioTS(21)tTZEROsUMAXtZQ9 /DATA/•3 
H IC 9 1CC 9 1ENV 9 IHTST ( 5G)•ILR ( 293)9IO8 ( 4)9IPLTF 9 / DATA/.4 
C IIOB ( 4) 9 1.20614) 9 ISPISPPIWEIR ( 9)•IIWEIR (9)*12WEIR49)9 /DATA/.5 
0 Jt1IST(511)iPJOB(4)•J10B(4)rJ20B(4) ,oJWEIR(9)•JIWEIR(9)-o /DATA/•6 

E J2WEIR(9)•LSE•LSKEYoLSUsMiMESvMOBiPWEIRgNgNESsNOBoNWEIR /DATA/•7 
COMMON 103LD/ PJSLg MSLq f!xtlt NTV-oMSUB PNSUBiTHETA oCOSTsSINT 9 /DSLD/.2 

A WSL*~DSL t XO'YO•COPtCDVoSGSLoAKtPHI9FRICoTITLE(7)9 /DSLD/.3 
B XSL(101)♦TSL(101)rHSL(101t10)•VSU(1111s1O) /DSLD/•4 
COMMON /SLD4/ NSEG.NSS.KIJvDS,VTOTALrHMAXO,XNN(l(JQ).HNNCIUD)• /SLD4/•2 

A DNt1009VOL(1I10) /SLD4/•3 
SLD4.18 

LOOP ON POSSIBLE NUMBER OF EQUAL DISTANCE STEPS THE SLIDE MAY MOVESLO4.19 
SL04 •24 

TSL (1) =(1. SLD4.21 

VSL(1.1)=U• SLD4.22 
A =(p, SLD4.23 
VEL=11. SL04.24 
KSTEP=KIJ —NSS+1 SLD4.25 
00 In IKS=I,KSTEP SLD4.26 

JS=IKS-1 SL04.27 
ADLD=A SLD4.28 
A=oo  SLD4.29 
HMAX=O. SL04.3C 
VWTOT=l1„ SLD4.31 
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C 
C 
C 

N 
N 
N 

1ERM4=CDP*WSL*HMAX*VEL*VFL SLD4*70 

VOLUME=VT0TAL+AK*S6SL*VWT0T SLD4*71 
A=(A—SGSL*IERM4)/V(iLUflF SL04*72 

SLD4*73 

TEST FOR FIRST TIME THRUUGh LOOP SL04*74 
SLD4*75 

IF (IKS *EG* 1) GOTO IV SL04*76 

AA=A3LD+A SLD4*77 
TEPM5=VEL*VEL+DS*AA SLD4*78 
IF(TERM5*LT*0*) GO TO 30 SLD4*79 
DTSL=2**(S©RT(TERM5)—VEL) /AA SL04*BC 

VEL=VEL+DTSL *AA/2* SLD4*81 
VSLlIKS-oI)=VEL SLD4*82 
IF(VEL*LTnJ*) GO TO 30 SLD4*83 
TSI.(IKS)=TSL(IKS—I) +DTSL SL04*84 

1 1) CONTINUE SLD4 *85 

30 NTV=IKS-1 SLD4*86 
RETURN SLD4*87 

END SLD4*88 
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N 
N 
w 

SUBKUUTINL VSU14T(AjII'JJ) VS3RT*2 
C VSORT*3 
C +++** CAUTION **+** VSORT*4 
C +++•* CAUTION ++*** THIS ROUTINE WILL NOT WORK PROPERLY AT H16HEST VS01kT*5 
C ****+ CAJTION *+*** ONTIMIZATIUL' LEVEL OF SOME COMPILERS VSCRT*6 
C +++++ CAUTION VS6RT*7 
C VSCRT*B 
C ASCENDING SORT OF A VECTOR VSORT*9 
C VSCRT*10 
C EXTERNALS kEFE:RENCED VSCRT*11 
C (NONE) VSCRT*12 
C EXTERNALS CONTAINING REFERENCES VSCRT*13 
C LANDSLO VSCRT*14 
C VSCRT*lb 
C FORMAL PARAMETLAS VSCRT*16 
c A — VECTOR TO Of SORTED VSCRT*17 
C II — FIRST ELEMENT TO INCLUDE IN SORT VSCRT*10 
C JJ — LAST ELEMENT TO INCLUDE IN SORT VSCRT*19 
C VSCRT*20 
C MINIMUM DIMENSIONS VSCRT*21 

C IUwIL — 1I14T(ALOG(JJ—LI*l) /AL0Gl2))+1) VSCRT*22 
C VSCRT*23 
C VECTOR A IS CONSIDERED TO BE OF TYPE INTEGER REGARDLESS OF VSCRT*24 
C ITS ACTUAL TYPE VSGRT*25 
C VSORT*26 

INTEGER A(1b VSCRT*27 
INTEGER TslT*IU(3U)eIL(3tl VSCRT*28 
tl=l VSORT*29 
I=II VSORTe30 
J=JJ VS0RT*31 

5 IF (I *GE* J) GOTO 7tl VSORT*32 
lib K=i VSCRT*33 

IJ=(J*I)/2 VSCRT*34 
T=A(IJ) VSCRT*35 
IF (A (I ) *LE* T ) GOTO 20 VSOkT *36 
A(IJ)=Atl) VSCRT*37 
A(I)=T VS0RT*3Ei 
T=A(IJ) VSCR1*39 
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N 
N 

2 ,: L=J VSORT.4 0 
IF (A(J) .GE. I) GOTO 4V VSCRT.41 
A(IJ)=At J) VSORT.42 
A(J)=T VSORT•43 
T=A(I.J) VSORTs44 
IF (A(I) .LE. T) GOTG 41) VSORT.45 
A(IJ)=AII) VSORT•46 
A(1)=T VSORT947 
T=A(IJ) VSURT948 
GOTO 4 (1 VSPRT.49 

31,' A(L)=A(K) VSORT.50 
A(K)=TT VSORT.5l 

q ) L=L-1 VSORT.52 
IF IA(L) *GT• T) GVTV 40 VSORT+53 
TT=A(L) VSORT.54 

5u K=K+l VSORT.55 
IF (A(K) .LT. T) GOTO 51) VSORT•56 
IF (K .LE* L) GOTO 30 VSORT•57 
IF (L —I .LEii J —K) GPTO 61 VS3RT.58 
IL(M)=1 VSORT.59 
IU(M)=L VSORTs60 
I=K VSORT«61 
M=M+1 VSORT.62 
GOTO 86 VSORT•63 

6o IL(M)=K VSORT•64 
IU(M)=J VSORT.65 
J=I. VSCRT.66 
NI=M+1 VSORT•67 
GOTO 80 VSORT.68 

7+i M=M-1 VSORT*69 
1F IM .E61. (J) RETUFN VSORT.70 
I=IL(M) VSORT•71 
J=IU(M) VSORTe72 

80 IF(J—I .GF. 11) GOTO IV VSORT.73 
IF (I *EC. II) GOTO 5 VSORT.74 
1=I-1 VSURT•75 

9' 1=I+1 VSORT•76 
IF (I -40. J) GOTO 7C VSORT•77 

lot 



Ln 

T=A(1*1) 
IF(AII ) .LEo T) GO TO 9b 
K=I 

1,ji1 A(K+1)=A(K) 
K=K-1 
1F (T •LT. AM) GOTO 100 
A(K*1)=T 
GOTH 90 
EN® 

VS0RT.78 
VSORT•39 
VSORT•80 
VSORT•83 
VSORTs82 
VsbRT.e 3 
VSORT*84 
VSORT•85 
VSORT•86 

V12 



N 
N 
rn 

CSORT*2 
CSVRT*3 
CSORT*4 
CSORT*5 
CSORT*6 
CSORT97 
CSORT*8 
CSCRT*9 
CSORT*10 
CSORT*11 
CSORT*12 
CSORT*13 
CSORT*14 
CSORT.15 
CSORTv'16 
CS0RT*17 
CSORT*18 
CSORT*19 
CSORT*20 
CSORTv21 
CSORT*22 
CSORT*23 
CSORT*24 
CSORT*25 
CSORT*26 
CSORT927 
CSORT*28 
CSORT*29 
CSORTr30 
CSORT,31 
CSORT932 
CSORT*33 
CSORT*34 
CSORT*35 
CSORT*36 
CSORT*37 
CSORT*38 
CSORT039 

SUBROUTINE CS0RT(A.NPsKC9JIgd29KIvK2) 
C 
C ***** CAUTION ***** 
C ***** CAUTION ***** THIS ROUTINE WILL NOT WORK PROPERLY AT HIGHEST 
C ***** CAUTION ***** OPTIMIZATION LEVEL OF SOME COMPILERS 
C ***** CAUTION ***** 
C 
C ASCEVDINU,SORT OF AN ARRAY COLUMN ('SECOND SUBSCRIPT) 
C 
C EXTERNALS REFERENCED 
C (NONE) 
C EXTERNALS CONTAINING REFERENCES 
C SLD1 
C 
C A ARRAY TO BE SORTED 
c NR DIMENSIONED NUMBER OF POVS 
C KC SORT KEY COLUMN 
C Jlgd2 SORT IS OF ALL ELEMENTS IN COLUMN KC BETWEEN ROWS 
C JI AND J2 (INCLUSIVE)• 
C K19K2 COLUMNS KI THROUGH K2 ARE MANIPULATED THE SAME AS 
C COLUMN KC* (K1 *LE* KC *LE* K2) 
C 
C MIN14UM DIMENSIONS 
C TTgSS - (K2) 
C IUtIL - (INT(ALCG(J2-J1+1)/AL0G(2))+1) 
C 
C ARRAY A IS CONSIDERED TO BE OF TYPE_INTEGER REGARDLESS OF 
C ITS ACTUAL TYPE* 
C 

INTEGER A(MR91) 
INTEGER TT(1R1)vSS(l0) ♦ IU(3@)9IL(30) 
INTEGER C•T 
M=1 
I=J1 
J=J2 

5 IF ( I *GE* J) 60TO 95 
1'. K=I 

I2=(J+I)/2 
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N 
N 
v 

T=A(I2,KC) 
IF (A(IsKC) *LEs T) GOTO 2C 

DO 15 C=KllK2 
T;:A(I2*C) 
A(12sC)=Ail9C) 

15 AtIiC)=T 
T=A(1!2,KC) 

2+i L=J 
IF 4A(J'KC) 9GE P  T) GOTO 35  

DO 25 C =K19K2 
T=A 1129C) 
A(I29C)=A4J9C) 

25 A(JtCt=T 
I=AtI2fKC) 
IF 4A(19KC) sLEs TI GOT® 

DO 30 C=Kl%K2 
T=A(12*C) 
A(12'C) =At IV C) 

35 , Alt'C)=T 
T=A(I2,KC) 

35 L=L-1 
IF IA(L'KC) rGT• T) GOTO 

GO 4(l C=K1'K2 
41) SS(C)=AtL'C> 
45 K=Ksl 

1F tA(K%KC) sLTs T) GOTO 

IF (K sGTs L) GOTO 55 
60 56 C=Kl9K2 
A 1L' C)=A (K 9C ) 

59 AtK-,CI=SS(C) 
GOTU 35 

55 IF (L—I +LEs J—K) GOTO 60 
IL(M)=l 
IU(M)=L 
I=K 
M=M*I 
t,OTO 65 

6i IL(M)=K 

CSORT•40 
CSORT041 
CSORT•42 
CSORT s4 3 
CSORT•44 
CSORTe45 
CSORT•46 
CSORTe47 
CSORT•46 
CSORT•49 
CSORTs50 
CSARTs5l 
CSORT952 
CSORT 053 
CSORT.54 
CSORT s55 
CSORT*56 
CSORT•57 
CSORT•5& 
CSORT d59 
CSORTv60 
CSORT®61 
CSORT.62 
CSORTs63 
CSORT964 
CSORT*65 
CSORT.66 
CSORTs67 
CSORTs6® 
CSORTe69 
CSORT®70 
CSORTs71 
CSORTs72 
CSORT®73 
CSORT•74 
CSORT s75 
CSORT•76 
CSORT.77 

35 

35 

45 

144 



N 
N 
00 

I Ulm) =J 
J = L 
ri=M+1 

65 IF (J—I .GF. 11) GnTO 10 
IF (I .EO. JI) SOTO 
1=I'1 

7u I=I+1 
IF (I •EGG J) GUTO 95 
T=A(I+11KC) 
IF CA(IoKC) ,LE. T) 6070 70 
K=1 
DO 75 C=K19K2 

75 TT(C)=A(1+19C) 
8 1, 00 85 C=K1+K2 
85 ACK+19C)=A(KsC) 

K=K-1 
IF (T .LT. A(KoKC) ) GOTO 80 

OU 96 C=K1gK2 
9v AIK+19C)=TT(C) 

SOTO 76 
95 M=M-1 

IF IM *ED* Q) RETURN 
I=IL(M) 
J=IUIM) 
GOTO 65 
END  

CSORT.78 
CSORT.79 
CSORT900 
CSURT.81 
CSORT.82 
CSORT.83 
CSORT.84 
CSORT.85 
CSDRT.86 
CSORT987 
CSORT•88 
CSORT•89 
CSORT.90 
CSDRT.91 
CSORT.92 
CSORT.93 
CSORT.94 
CSORT 05 
CSORT.96 
CSORT.97 
CSORT.98 
CSORT.99 
CSORT.100 
CSORT.101 
CSORT•102 
CSORT.103 
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SUHRUUTINE ERH(N11LEV1lvhlEhKMjNpp% ERR®2 
A A11 / A2l'A311A121A221A321A131A231A331A141A241A341A151A251A351 ERR•3 
8 A169A26•A36tA171A271A371A181A284A381A191A29.1A391A101A261A3G) ERR44 

C ERRS 
C PRINT ERROR MESSAGEI TERMINATE PR0GRAM IF JLEV=1 OR —1 ERR®6 
C ERR•7 
C EXTERNALS REFERENCED ERR*B 
C ABORT (CDC LIBRARY) ERR•9 
C [XIERNALS CONTAINING REFERENCES ERR®10 
C UATARnH ERR®11 
C DATAPHT ERRe12 
C INITIAL ERR®13 
C INI]FOR ERR.14 
C INITNAI ERR®15 
C SLD1 ERR•16 
C SLD3 ERR®17 
C ERR s18 

IMPLICIT INTEGER (A—Z) ERR*19 
GIMEVSIDN FMT('2)9IFMT(4) ERR,211 
DIMENSLON I410 )1H(ltl) 1Z(10) ERRd21 
DIFiE +NSION LRRM (1) ERRs22 
DIMENSI0rJ IEtIc11g711IC ( 617I1IN (1017 ) ERR.23 
DIMENSI0N INC( 13) ERF *24 
DIME46IO14 14ERRS(10lr) ERR.25 
DATA INC) 19414131416121315101 ERRa26 
DATA INN/9I ERR•27 
DATA IC/ ERN®2b 

A $XXXXXXXXX $to xxx XX it$ Xxxx $IAXXXXXXXXX *j* $10 $ 1 ERh929 
B fXx i l $XXxx X *11 XX XX $loxx xX*I$ $to 01 ERRs30 
C $XX / 1#Xxxxx XX ll$XX Xx$tixX xxA1 # $j* 01 ER14®31 
D 7XXXXXX $11 xx XXX XX $9$ xx XX **$XXXXXXXXX *q* f1* $ i ERR.32 
E /XX ate / XX XXXXX $ 9 # X X Xx#/oxx XXX *q* $1$ 0 1  ERR03 
F lxx 4 i$xx XXXX $11 XX XX aiq txx XXX Ae*.XXX$j# $ 1 ERK 0 34 
G IXXXXiXXXX all/XX xxk $tat Xxxx a s$WX Xxx a0stxxxsgs 0i ERR•35 
DATA INJ ERR•36 

A 7 XXXXXX Iti XX it$ XXXXXX -XX at1AXXxxxxxxx xxx foERR„37 
A atXXXXXXXXX 191 xxxx a 9lXXXXXXXXXXi1# XXXXXX $it XXXXXXXX 09ERR•38 
8 ~ Xx XX i 1 i XXX * t lXxx XXO*$ XXX $it XXX XX *1ERR*39 
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8 fxx #t# XXX #tl XXX /t# XX XX #t#Xx XX$vFRR.40 
C *XX XX# t # XXXX #t# XX#t# XXX *tt XXA XX #tERR941 
C txxxxXXXX #t$xx #t# XXX t t # XXXXXX #t#XX XXIvURR.42 
D *XX Xx#t# XX #t# XXX #t# XXX #t#XXX XX *tERR.43 
D # XXX #t #Xxxxxxxxx #t# XXX $0 XX XX #t# )OXXXXXXXX/tERR.44 
F *XX XX#t# XX $91 XXX #9# XXX#9#XXXXXXXXXX#tERR•45 
E # XXx?v#xx XX* t# XXX /t#XX XX#ti XXX #tERR.46 
F # XX XX *0 XX #•1 xxx #t #XXX XXX #t# XX # t FRR.47 
F /XXX XXX #t /XX XX# t # XXX #t #xxx XXX#t# XXX #IERR*48 
G # XXXXXX #t# XXXXXX#t/XXYXXXXXXX #t# Xxxxxxx #t# XX /9ERR*49 
G # xxxxxxx #9# XXXXXXXX #t# XXX #t# XXXXXX #t# xxx */ERR.5C 

DATA NERRS/100 *u / ER-R.51 
DATA IFMT/IOHltl=tG16.6)t1QF11H=tI12) 0FH1H= tF12.3)t1H / ERR•52 
DATA FMT/l0i(4XA10t1X 11H ! ERR.53 

ERR.54 
NERRS(1Q0)=NERRS(100)+1 ERR•55 
NFRRS(M)=NFRRS(N)+l ERR+56 
IF (ILFV •E90 C) GOTO 35 ERR957 
DO 10 J=197 ERR958 
DO 11 K=1tINN ERR•59 
IEM`K9J)=IC(1NC(K)tJ) ERR*60 
IERR=N ERR.61 
IP=1f1 ERR.62 
IA=O ERR*63 
K =INN ERR964 
DO 20 II=1t2 ERR*65 
IA=IERR/IP ERR.66 
I ERK =I ERti—IP*I A ERR.67 
IP=IP/10 ERR•68 
K=K+I ERR*69 
00 24 J=197 ERR•70 
IEM(KtJ)=IN1IA+19J) ERR•71 
CONTINUE ERRo72 
IF (N •GT. 9) GOTO 30 ERR.73 
DO 25 J=197 ERR•74 
IE14(INN+19J)=1H ERR•75 
CONTINUE ERR.76 
INN2=INN +2 ERR.77 

j 

2n 

25 
3 ►  



n: 
w 
FA 

ro 

PRINT 11.1I s (11EM(K1J)1K=11IN1t2 ) 0=1171 ERR *713 
GUIU 4l►  ERR*79 

35 PRINT 11► 2 9 N ERR.HII 
4A CONTINUF ERR 681 

IF (NM .EU* 9) bUTO 50 ERRe82 
PRINT 144 ERRe83 
PRINT 1631 (ERRM ( K) 1K=1sNM) ERReB4 

5 ►  CONTIhUE ERRe85 
NP=41N fit Id%MAXk1(0*NPP)) ERRel16 
IF (VP eFC a (l) GO TO 7G ERRe87 
1(1)=A11 S MI)=A21 S Z/1)=A31 $ IF /NP *EQ* 11 GOTO 1 ERRoBS 
l(2)=Al2 $ 1442)=A22 S Zt2)=A32 S IF (NP eEQe 21 GOTO 1 ERRs89 
1(3)=A13 S 11(3)=A23 S 2(3)=A33 S IF (NP *EQ* 3) GOTO 1 ERRe90 
I(4)=A14 S 11(4)=A24 S Z(4)=A34 $ IF (NP eEQ* 4) GOTO 1 ERRe91 
145)=A15 S 11(5)=A25 S Z45)=A35 S IF (NP *Ego 5) GOTO 1 ERRe92 
I(6)=A16 4 HM.'~A26 S Zt6)=A3b S IF (NP .EQ* 6) GOTO I M16913 
I47)=A17 $ 14(7)=A27 S 7(7)=A37 S IF tNP eEQe 7) GOTO 1 ERRe94 
I(E)=Alb S M(8)=A2Fi $ Z(8)=A36 $ IF (NP eEUe a) GOTO 1 ERRe95 
1(9)=A19 $ N19)=A29 S Z(9)=A39 S IF (NP eEQe 9) GOTO 1 ERR096 
I(l fl) =A1il $ Iltifl)=A20 S 2(10)=A30 ERRe97 

1 CONTINUF_ ERRe9b 
PRINT 164 ERRe99 
GU 611 K=111► P ERRe16G 
FM1(2)=IFMT/I (K)) ERRe101 
PRINT FMT 11-44K) 1Z ( K) ERR.102 

b ,J CONTINUF ERR*103 
71 CUNTINUE ERRe1114 

IF (ILEV) 15980985 ERRe1G5 
75 CALL ABORT ERRe106 
84 RETUiN ERR0107 
85 SjUP ERRelOH 

ERRe109 
list FURM AT 11141,2(/1X13,1(114/))lii7(/1XI (1(A1012X )$ A10)®// ERRe110 

A 2(/1x131(ltil))///) ERRe111 
1 ,52 FOfiMAT / lFl d1231i ********** ERROR NO* *1211311 ERRe112 
10S FUhMAT tUtbAl`;) ERRe113 
104 F01 MAT (1H ) ERRe114 

END ERRe115 
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B9.0 SAMPLE INPUT AND OUTPUT 

B9.1 Listing of Sample Input Data 
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n 

n 

0 
0 
0 
a 

0 
0 
a 

0 

0 
0 
0 
a 

0 
0 
0 
v 

v 



N 
LA.) 
U) 

INPUT DECKS SLA91 

CARD 1 2 3 4 5 6 7 8 CARD 
NUMBER 123456749112345E 789-) 12345F7A901234567L2901234567890123456789012345678901234567890 

-------- ------------------------------------------------------------------------ 
NUP. P.ER 

/ 1/ SLA91 / 1/ 
/ 2/ 14 64 0 1 D 1 1 1 / 2/ 
/ 3/ 0* 300. 0.687795 250. 250• 1. 7163. / 3/ 
/ 4/ 0.025 0.7 4.0 32.17 / 4/ 
/ °/ 13 3 1 2 1 0 0 1 1 2 1 1 1 1 / 5/ 
/ 6/ 100.6 0• / 6/ 
/ 7/ / 7/ 
/ 8/ / 8/ 
/ 9/ / 9/ 
/ 10/ / 10/ 

/ 12/ / 12/ 
/ 13/ / 13/ 
/ 14/ 1130 7060 6980 6930 7)90 7120 / 14/ 
/ 15/ 7140 7160 7160 7160 7160 7160 / 15/ 
/ 16/ 7150 / 16/ 
/ 17/ 7090 7050 7V80 7120 7150 7160 / 17/ 
/ 16/ 6990 6900 6900 6900 6930 7140 / Is/ 
/ 19/ 6990 6940 7600 6940 6960 6900 6960 7026 7626 7626 7026 7026 7080 7120 7100 / 19/ 
/ 20/ 7070 7140 / 2^1 

/ 21/ 7150 1160 7160 7090 6990 6980 6930 6929 6930 (.960 7060 / 21/ 
/ 22/ 1095 7129 7156 1147 7160 6950 6090 6910 7020 7130 7040 6960 6910 6920 / 22/ 
/ 23/ 6780 6190 6770 6780 0797 6780 6790 6888 6088 6688 6088 6888 6920 7000 698D / 23/ 
/ 24/ 7080 1026 7.100 7010 7013 7060 7080 7060 7C66 / 24/ 
/ 25/ 7110 7940 7n70 7050 7(40 6960 6920 6910 6880 6870 6E60 0880 6922 / 25/ 
/ 26/ 6953 6984 7017 V-20 1000 6900 6890 6960 7110 71n0 (960 / 26/ 
/ 27/ (MO 69PO 6910 6920 6990 6990 704Q 7000 6960 6960 6870 6850 6610 6P10 6830 / 27/ 
/ 28/ 6960 6980 7010 7140 1020 6961 6940 6890 6880 6900 6930 703C 7160 / 28/ 
/ 29/ 7030 7010 7050 9760 7120 6900 6880 6P.60 6860 E876 6880 6960 7000 7000 69ED 6940 / 29/ 
/ 30/ 6920 6890 681+2 6890 6890 6914 7000 1140 / 3C/ 

/ 31/ 1130 7120 7060 6968 6910 6040 / 31/ 
/ 32/ 6840 6080 6950 7130 1060 7040 6960 6860 6850 6830 6833 6840 6640 6860 6870 / 32/ 
/ 33/ 6910 696n 6870 6880 68hO 6P60 L899 6940 6976 7013 7080 / 33/ 
/ 34/ 1080 9050 6910 6960 6970 7090 7130 / 34/ 
/ 35/ 7120 7010 / 35/ 
/ 36/ 0850 6A20 68b0 7080 7070 6910 6870 6840 6040 6960 9n6U 7040 6970 6680 6b90 6900 / 36/ 
/ 37/ 6900 6910 686) 6P80 6900 6950 7033 7C70 7196 7141 / 37/ 
/ 3A/ 7149 / 3E/ 
/ 39/ 7070 / 39/ 
/ 40/ 6940 6A40 6840 6940 6910 6860 6834 6910 7080 7680 7046 7030 7030 / 40/ 

• --• --------------------------------------------------------------- 
1234557e901234567b9!12345678901234567690123456789012345678901234567P901234567890 

------------- 

1 2 3 4 5 6 7 8 



INPUT DECK: CLA91 

CARD 1 2 3 4 5 6 7 8 CARD 

NUHEER 123456789,1123456189 ,'i123456799ll23456789ti1234567A9012345678901234 561890123456 7890 
-►►►►►►•►-►►►--►►►r►►-►r►►►►►►►►► a►►►►►►►►-►►►►►►►►►►►-►►s►►-►►►►►►►►►►►►►►►►►►►  

NUMEER 

/ 41/ 7040 71140 7000 7n70 7162 / 41/ 
/ 42/ / 42/ 
1 43/ 7160 / 4 3/ 

J 44/ 7020 6960 6840 6640 6840 6936 6910 7000 / 44/ 

/ 451 7160 / 45/ 

J 461 / 46/ 

/ 47/ / 47/ 
/ 48/ 7150 703b 6990 6870 6870 6960 7080 / 481 

/ 49/ 1 49/ 
/ 50/ ® `-C/ 

/ 51/ / 5l/ 
/ 52/ 7100 7000 7040 716.0 ® 52/ 
/ 53/ / 531 

A 54/ / '_4/ 
/ 55/ ® 551 

/ 561 7100 ® '61 
/ 570 / 57/ 
/ Sbl / 58/ 
0 59/ 1 =9/ 
B 640  

/ 611 / 61/ 
162/ / 62/ 
/ 63/ 63 4 5 ® 63/ 
/ 64/ 2 4 6 5.75 / 649 
0 651 4 2 5 2 6 2 5 8 6 12 7 17 9 20 11 20 0 650 
0 66l 28 1 36 5 44 5 52 3 60 / 661 
/ 67/ 116 406 / 671 
/ 661 2 SLA91 / Eel 
/ 69/ 1 2 11 / 69/ 
/ 7C/ 06 12566 Son R65 / 701 

/ 711 15.81139 1302P.95 1 71I 
0 72/ 0. 722. 1 721 
/ 73/ 400. 0. 1 731 
1 74/ 0. 0016 0103 .190 6277 6364 0451 .538 / 741 
1 751 6625 6712 .799 / 751 
/ 76/ 06 624 1.54 2649 3.31 309 3®95 3.66 1 761 
/ 77/ 3.34 2672 06 1 771 
/ 78/ END OF DATA ► SL491 1 78/ 

►►►r►►•►►►--►-►►►►►►►►►►►►►►► -►►►►►►► --------►►►•►►►►--►►►-►►►►--►►►►-►►►►►►►►-- 
12345678901234567890123456789C123456789bl2345676901234567e9012345678901234567890 

1 2 3 4 5 6 7 8 



B9.2 Description of Input Data 

The input data for a sample run "SLA91" as listed in Section 

B9.1, are explained in this section according to the input 

sequence. Refer to Section B6.0 for data group number, input 

format, variable names, and the description of the variable. 

Refer to Section A3.1 in Part A for the description of com-

puter run for "SLA91". Some self-explanatory variables are 

not discussed. 

For Group 1 of the input cards, 1 card is used to input the 

title for this sample run. The title will be centered when 

printed. For Group 2, M and N are 14 and 64, respectively, 

according to Figure A7 in Part A. There is only one dam seg-

ment and one open-boundary segment normal to the y-axis 

(Figure A7). Therefore, MOB, NOB, MWEIR, and NWEIR are 0, 1, 

0, 1, respectively. Variables IC and ICC are both 1 to use 

the full nonlinear model. In case of the occurrence of 

nonlinear instability, one or both of these two flags may be 

set to zero in order to improve the numerical stability. 

For Group 3, TZERO and TMAX are self-explanatory. DT is 

0.687795 sec which is half of the time step used in the 

laboratory to measure the slide motion and wave heights. DT 

was originally 0.087 x 15.81 where 0.087 is the model time 

and 15.81 is the conversion factor to obtain the proto time. 

This original time step was halved to check the sensitivity 

of the results with respect to the computational time step. 

The new DT of 0.687795 was not changed back even though -the 

results are essentially the same between two preliminary 

runs. DX and DY are both 250 ft (see Figure B1). When they 

were set to 125 ft instead, the results are not too much 

different. When the grid spacings are 250 ft and the maximum 

water depth is 393 ft, the basic Courant criterion requires 

that DT be smaller than or equal to DX*DY/S4RT((DX*DX+DY*DY) 

*G*Dmax)=1.57 sec. If the wave length is considered, the 
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factor (1+Emax/Hmax), where  Emax  and Hmax  are the maximum 

wave amplitude and the maximum total water depth, respec-

tively, should be considered. Note that Hmax = Dmax+Emax are 

the values at the same grid point. These two values are not 

available until the computation is completed. Before the 

computation, some guess must be made. After computation, the 

guess can be checked. At point. (5,4), where D = 393 ft is 

the maximum depth in the basin, Emax  is 53 ft as can be seen 

from the table of maximum surface elevation in the computer 

output. The factor is (1+53/(393+53)) = 1.12. Therefore, at 

this grid point, DT should not exceed 1.57/1.12 = 1.40 sec. 

At (7,11), where Emax  = 260 ft is the highest maximum in 

that table, the depth is 33, and the factor is therefore 

(1+260/(33+260)) = 1.89. Therefore, at this point, DT 

should not exceed 250x250/SQRT((250x250+250x250)x32.17x33)/ 

1.89 = 2.87 sec. Theoretically, the checking procedure 

should be applied to every grid point. Practically, depend-

ing on experience, only a couple of points with deep water 
need checking. A safety factor of 1.1 to 2.0 may be given to 

insure stability. The computational cost is approximately 

proportional to the inverse of DT. Note that an extremely 

small DT usually does not improve the nonlinear instability 

which is still a topic for research. 

The variable DCONV in Group 3 is set to one. This variable 

is useful when water depth is measured in fathoms or some 

other units different from the adopted system. Initial sur-

face elevation is 7163 ft for the run "SLA91." 

In Group 4, the Manning coefficient is 0.025 which probably 

should be about 0.040 to 0.060 if the ratio of the coef-

ficients, between the model value and the prototype value, 

of 1:2.51, as mentioned in Section A3.1.1 of Part A, 

applies. However, the propagation of a wave in relatively 

deep water is insensitive to the bottom friction. The re-

sults- should be very close when the high bound and the low 

bound of the coefficient values are used. 
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The energy dissipation coefficient, CED, is discussed in 

Section A2.1.1 (Figure A2) of Part A and Section B2.4.3 

(Figures B6 and B7) of Part B. This variable has a constant 

value applied to the whole partial reflective boundary. This 

coefficient can be calibrated against some particular 

results of interest. The discharge coefficient, CD, is set 

to 4.0 here (see Section B2.5). Figure B16 shows that the 

wave height at Morrow Point Dam is not sensitive to the 

discharge coefficient. Four series of computer runs, A, B, C 

and D, in Figure B16 are all for "SLA91." They are different 

by slight changes of landslide velocity and energy dissipa-

tion coefficient. 

Groups 5 and 6 contain flags and parameters for the control 

of computer output. Group 7 has an array for either water 

depth or surface elevation, depending on whether ZO in Group 

3 is zero or not. There are M sets of cards. Each set has N 

values. 

Groups 8 to 11 specify the location of the open boundaries 

and dams, if any. Refer to Sections B2.4.1 and B2.4.2 if 

necessary. Groups 12 to 14 are self-explanatory. the 

"forced" landslide submodel is used for this sample run. The 

sub-title in Group 14 is not centered in the output. 

Groups 15 to 23 define the wave-generating parameters. In 

Group 15, NSL is 1 and NXH'is 2 for the landslides in Morrow 

Point Reservoir because the landslide in the laboratory is 

modeled by a simple reversed wedge. NTV is obtained from the 

laboratory data. The default of 50 is used for both MSUB and 

NSUB (see Figure Bll for sensitivity test). 

In Group 16, the forward direction of the landslide, THETA, 

is 0, because the landslide moves along the direction of the 

x-axis. The initial position of the landslide is defined by 

XO. and YO which specify the location of the right corner of 

the leading edge of the landslide. The value of XO is 
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FIGURE B16: Sensitivity test of the discharge coef-
ficient in the weir formula. 
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adjusted to 3.9 such that the initial submerged volume of 

- - the landslide is the same as the laboratory data of 1.16x 

2503 cubic feet. The volume per unit width is 1.16x2503/1250 

=14500 ft2. Therefore, the horizontal distance of the sub-

merged landslide is obtained from solving for S from 

1/2  S ( S tan29 ° ) = 14500 (B10) 

where 29° is the inclination of the sliding slope. The cal-

culated S is 228.7 ft which is equivalent to 228.7/250 = 

0.91 coordinate units. Since the land-water boundary in the 

numerical model is located at i = 2.0, the x-coordinate of 

the leading edge of the initial landslide position is XO = 

2.0+0.91 = 3.9. 

In Group 17, conversion factors are used to convert the 

model values to prototype values. Original landslide vel-

ocity was measured along the slope. The conversion factor to 

convert this velocity to the horizontal velocity is included 

in VSLCNV. Groups 18 and 19 are skipped because LSKEY is 2. 

Groups 20 to 23 describe the spatial distribution and the 

velocity of the landslide. These data are obtained from the 

laboratory data. 

B9.3 Listing of Sample Output 

Part of the printed output is listed in the following pages. 

This set of output was obtained by running LSWAVE as listed 

in Section B8.0 -with input data as listed in Section B9.1. 

This is a partial listing. The page numbers based on the 

full listing are typed on the right upper corner of each 

page. 
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Page 1 

L SSS W k A V V EEEEE -- EEVELOPEO EY -- 
L S W W A A V V E TETRA TECH* INC. 

---------------------- ( SSS W W W A A V V EEE --------------------- 630 N. ROSEMEAD BLVC. 
L S W W W AAAAA V V E PASADENA l CALIF. 91117, 
LLLLL SEES W k A A V EEEEE 12131 449-6400 

-- LSWAVE -- 
VERSION A.3 

11.43.28 01 DEC 81 

----------------- 
--- SLA91 ------------------- - 

VALUE 
-------- 

DESCRIPTION OR => RESULT 
-------------------------------------------------- ------------------------------ 

14 TOTAL NUMBER OF GRID POINTS IN X-01RCCIlON 
64 tOIAL NUMBER OF GRID POINTS 1N Y-DIRECTION 
0 NUMBER OF OPEN BOUNDARY SEGMENTS NORMAL i0 X-AX13 
I NUMBER OF OPEN BOUNDARY SEGMENTS NORMAL 10 V-AXIS 
0 NUMBER CF CAM SEGMENTS WORMAL tO X-AXIS 
I NUMBER OF DAM SEGMENTS NORMAL TO Y-AXIS 
1 => CONVECTIVE TERM INCLUDED 
1 => CONTINUITY EOUQQTION NON-LINEAR 

U• BEGINNING TIME (SECONDS) 
300.000 ENDING TIME ISECONDSI 
•681795 TIME STEP !SECONDS) 
250.000 GRID SPACING IN X-DIRECTION 
250.000 GRID SPACING IN Y-DIRECTION 
1.90009 CONVERSION FACTOR FOR DEPTHS 
7163.00 INITIAL SURFACE ELEVATION 
4,25000IE-01 MANNING ROUGHNESS COEFFICIENT 
.7c,000p COEFFICIENT OF ENERGY OISSIPAITON AT PARTIALLY REFLECTIVE BOUNDARY 
4.00009 DISCHARGE COEFFICIENT FCR WEIR FORMLLA 
32.1709 GRAVITATIONAL ACCELERATION 

13 NUMBER OF POINTS FOR WHICH HISTORIES ARE STORED 
3 NUMBER CF TIME ETEPS BETWEEN STORED HISTORY VALUES 
I ISPiIS = NUMBER OF TIME STEPS BEIWEEN PRINTED tISTORY VALUES 
2 => FULL PAGE PLOTS OF SLPFACE ELEVATIOk HISTORIES 
1 => SURFACE ELEVATION HISTORIES PRINIED 
0 => NO PLOTS OF VELOCITY HISTORIES 
d => VELOCITY HISTORIES NCI PRINTED 
I => HALF PAGE PLOT OF OVEF-TOPPING RATE HISTORY 
1 => OVER-TOPPING HISTORY PRINTED 
2 NUMBER OF SNAPSHOTS SPECIFIED IN IS(*) 
I => SNAPSHOTS OF SURFACE ELEVATION PRINTED FOR SPECIFIED TIMES #IS(•)) 
I => SNAPS110TS OF VELCCITY PRINTED FOR SPECIFIED TIMES (TS(•)) 
I => MAXIMUM SURFACE ELEVATION PRINTED 
I => FILE WRITTEN FOR EXTERNAL PLOTS 

MAXIMUM RANGE FOP ELEVATION PLOTS 
~• (UNUSED - NO VELOCITY FLC75) 

VARIABLE 

N 
N 
MOB 
NOD 
NWEIR 
NWE IR 
IC 
ICE 
TZERO 

N TMAX 
UT 

CD DX 
0Y 
OCONV 
Z,  
ChANN 
CEO 
Co 
6 

HES 
IS 
ISP 
ILR(loll 
ILRl2.1) 
ILR1192) 
ILR(292) 
ILR(193) 
I L R (2931 
KS 
LSE 
LSU 
IENV 
IPLIF 
LMAX 
U11AX 
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FORCEDLANDSLIDE ------------------------------------------------------ ------------------------------------------------------ 

SLA91 

VARIA14LE 
-------- 

VALUE 
-------- 

DESCRIPTION 
-------------------------------------------------^------------------------------ 

N sl- I NUMBER OF SLICE,4 1 1N LANDSLIDE 
Nxh 2 NUMPER CF HEIGHTS SPECIFIED FOR EACH SLICE 
NTV it NUMBER OF VELOCITIES SPECIFIED FOP EACH SLICE 
MSUR -0 NUMBER OF SUBDIVISIONS PER GRID IN THE X—DIRECTION FOR LANDSLIDE CALCULATIONS 
NSUB —n NUMPER OF SUBDIVISIONS PER GRID IN THE Y-DIRECTION FOR LANDSLIDE CALCULATIONS 
111ETA 0. ANGLE FROM X -AXIS 10 fOP1APO DIRECTION OF SLIDE /DEGREES COUNTERCLOCKWISES 
wSL 1250.00 WIDTH OF SLIDE /01SIANCE UNITS/ 
XO 3.90000 X-COOKOINAIE OF RIGHT LEADING CORNER !1F SLIOE IGNID UN175o NOT DISTANCES 
YO 8.50eoo T-000RDINA E OF RIGHT LEADING CORNER OF SLIDE /GRID UNITS) 
CUP -00 PRESSURE DRAG COEFFICIENT 
COY -0. VISCOUS DRAG COEFFICIENT 
TSLCNV 15.8114 ACTOR 10 CONVERT TSL/AS TO SECONDS 
VSLCNV 13.8290 tACIOR ID CONVERT VSL16) 10 APPAOPRIATE UNITS 

DEFAULT VALUES SET FOR I)IE FOLLOWING INPUT VARIABLES 

VAR IADLE VALUE 
-------- -------- 

"SUB 5P 
NSUB 50 

llLIG1iT PROFILE (FUNCTION OF DISTANCL FROM LEADING EOGEI 

I DISTANCE IIEIGHT 1"SLII*J)tJ=I#NSL1 -- 
1=1,NXH XSL11) 1 

I 0• A00e000 
2 722.000 0. 

VELOCITY PROFILE 4FUNCIION OF TIME) 

I TIME VELOCITY IVSLIIeJ)®J=IeMSL) -- 
I=I,NTV ISL(II I 

1 0. 0. 
2 .016 .240 
3 .l n3 11510 
® .190 2.480 
5 .277 3.371,  
6 .364 3.79P 
7 .451 3.9x0 
B .57R ;.E6( 
9 .625 3.340 

11 .712 2.7.P 
)l .799 P. 
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VELOCITY PROFILE AFTER APPLYING CONVERSION FACICRS 

I TIME VELOCITY (VSL(IvJ)jJ=IaNSLI -- 
1=1•NTV TSLIT) I 

I a. 0. 
2 .253 3.319 
3 1.629 21.297 
4 3.0114 34.296 
5 4.380 46.6^4 
6 5.755 52412 
7 7.131 54.624 
8 8.507 56.614 
9 9.8H2 46.189 
10 11.258 37.615 
11 12.633 G. 

PLOT uF SLIDE PATH ON COMPUTATIONAL GRID 

1. 29 ... - GRID ELEMENT CROSSED BY A SINGLE SLICE 401411 IS SLICE NUMBER) 
At 89 ... - GRID ELEMENT INITIALLY UNDER A SINGLE SLICE (LEIIERS CORRESPOND TO SLICE NUMBER* A=1♦ ETC.1 

- GRID ELEMENT CROSSED BY♦ OR INITIALLY UHOER9 TWO OR MORE SLICES 
* - COMPUTATIONAL ELEMENT NOT IN ELIDE PATH 

(BLANK) - DRY ELEMENT 

N 
p J 1 2 3 4 5 6 
00 123456789012345678901234567890123456789012345E789012345618901234 

i ---------------------------------------------------------------- 
1- -1 
2- ++++++ -2 
3- + AAAAA • aar++ a ♦a♦+a+ -3 
q- a++++♦• AAAAA++♦ • ♦ ♦•r ++♦rsara++a+r •rr+a♦oaa -4 
5- •+a♦a♦+11113a+ta++ + ++++a ♦rra+ar♦r+a••aa+♦t++aa +♦ -5 
6- ++++•+•111llt•aa+r r a♦+ a+♦ar♦+ aa+a•♦♦r++aarsa++a+a♦ a+ -E 
7- ♦++rs•a•rr rraaaaa+++•+aarrara+rr s+raaa• -} 
8- ♦•a++.saa+s♦aa♦♦+• a+sr+aaaa+ ♦ -8 
y- •rar•ar++a a•+r•♦♦ + ♦ -g 
lf- +asrra♦a+ ♦ -10 
I1- s•aa•sr -#1 
12- sa.♦ -12 
13- + -1s 
14- -14 

---------------------------------------------------------------- 
12345678901234567N90123456789a123456789gl2345E78901234!E789n12!4 

1 2 3 1 5 6 
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IOTAL VOLUME OVER-IOPPINf, = 2.291133U93E+01 
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APPENDIX B1. SUMMARY OF MODIFICATIONS TO DAMBRK 

The time history of the discharge over a dam,"as computed in 

the numerical model LSWAVE, is stored on a disk or magnetic 

tape file. This data file can be fed into a downstream flood 

routing model to simulate the propagation of the flood due 

to the landslide-induced overtopping. 

A flood routing model developed in the National Weather 

-Service, called DAMBRK, was adopted in this study to 

illustrate the procedure of transferring the discharge 

hydrograph from LSWAVE to a downstream model. The version B 

of DAMBRK, which is a short version of version A, dated 

September 10, 1980, was used. Before the original program 

was stored into the program library, a program statement was 

added to the beginning of the main program, and a "*DECK" 

card was added to the beginning of the main program and 

every subroutine. 

After the whole program was stored in the program library, 

it was modified through the UPDATE command available in the 

CDC 6600/7600 system, such that the modified program could 

be used to read the file generated from LSWAVE and simulate 

the propagation of short-period huge waves as happened in 

this study. A listing of the control cards for "UPDATE" to 

modify the original program is provided in the following two 

pages. In this list, the number used in the INSERT and 

DELETE commands are the sequential number of the program 

statements in the associated subprogram. The sequential num-

bers start with 2 for the first statement of each sub-

routine. In the main program, the sequential numbers start 

with 2 for the program statement added in this study and so 

the original first statement has a sequential number of 3. 
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*IDENT SUPMOD 
*DELETE DAMBRK*2 

PROGRAM DMBRKB(INPUT *OUTPUT 9TAPE`= INPUT 9  TAPE 6=OUTPUT9TAPE1) 
*INSERT DAMBRK*6 
C MODIFIED BY TETRA TECH• INC.• NCV* 15. 1981 
*DELETE DAMBRK*11 

COMMON /SIM/ Q(7n0)9 TI(503)•GI(5C3)9Y09RLM9SCM9CPN9YEMIN98B9Z9TFH9 
*DELETE DAM8RK*309DAMBRK*4G 

COMMON XS(90)9X(2^l)9NT(6)9NN(90)98ST(899^)♦ESST(F99~)9 
A HST(899")9FS(7t''-)•YI(2fC)90XM(9'i)9CYT(b92.C)9FFKC(90)9 
B OSA(892)9SSA(892)9YN(21C)vGVX(2C0)91M(2CC)i1PG(2GJ)9GS(70G)9 
C MESAGE(2C)9FSTU(9u)9NTFS(6)9YDT(9n)9TTPT(7GC)9VERC(2CO)9 
D GCM(7:1096)9YUU(200)90UU(2C3)9TFLOD(200)9FLCCH(2^0)9 
E FLOUHT(9L)9t.PT(30)9ICT(13)9GUT(1:)9MS(6) 

*DELETE DAMBRK.192 
READ CLU591n)MDAM9MRVR9MNAME 
IF (EOF(LU5)) 13539691350 

6 CONTINUE 
*DELETE DAMBRK*202 

REAO(LU591D) MDAM9MRVRiMNAME 
IF (EOF(LU5)) 135.91191350 

*INSERT DAMBRK*214 
KKN S=KK N 
KKN=IABS(KKN) 

*DELETE DAMBRK.475 
1FB*592X94HMRS*//9X944HTEH(TI-ME Al WHICH COMPUTATICNS TERMINATE) _ 

*DELETE DAMBR.K.4849CAMERK*485 
IF (KKNS *GT. 0) GOTO 165 
READ (591300) QIMIN 
READ (1) TZER09DTIS9ITEH9(QI(I)9I=19ITEH) 
IF(ITEH*LE*5'0) GO TO 138 
6RITE(69139) 

139 FORMAT(///$ ITEH*GT*500..* CHANGE DIMENSIONS OF Cl AND TI IN CCMMO 
IN/SIM/9*/* ALSO CHANGE THE NUMBER 5P0 IN THE STATEMENT BEFORE STAT 
2EME-NT NUMBER 139.#) 
STOP 

138 DTIS=DTIS/36009 
IF (TZERO *EG* 00 GOTQ 150 
K9=ITEH 
ITEH=ITEH+l 
JACK=ITEM 
DO 140 K=19K9 
GI(JACK)=AMAX1(GI(JACK-1),PQIMIN) 

140 JACK=JACK-1 
GI(1)=GIMIN 
TI(1)=Go 
TIt2)=TZERO/3600* 
DO 145 K=39ITEH 

145 TI(K)=TI(K-1)+DTIS 
GOTO 160 

150 TI(1)=0* 
QI(1)=AMAX1(GI(1)9QIMIN) 
00 155 K=2,ITEH 
QI(K)=AlMAX1(QI(K)*Dll&IH3 

155 TI(K)=TI(K-1)*DTIS 
160 IF (DTIS* ITEH *GE* T£H3 GOTO 170------ 

 

ITEH=ITEM+l 
GI(ITEH)=GIMIN 
TI(ITEH)=TI(ITEH)+DTIS 
IF (DTIS*ITEH *GE* TEH) GOTO 170 
ITEH=ITEH+1 
GI(ITEH)=GIMIN 
TI(ITEH)=TEH 
GOTO 170 

165 READ (59130J) (QI(K)9K-19ITEH) 
IF(3HF*LT*0*w'001) READ(5913C0) (TI(K)9K=19ITEH) 

170 NU=ITEH 
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*DELETE DAP.BRK,496 
IF(DHF*G7*b*7001) GO TO 183 

*DELETE DAMBRK*5^O 
182 FORMAT(12X98FS*5) 
*DELETE DAMBRK9521 

I90 READ(LU59129t) NS,NCS•NTT9JNK,KSA,KSUPC9LQ 
*DELETE DAMBRK.781 

IF(DTHM•GT*0 .000, 1) JDTH=1 
*DELETE DAMBRK*1497 

ITMAX=20 
*INSERT DAMBRK•1524 

TFH=O* 
HD=O• 

*DELETE DAMBRK.1536 
IF(7FH*LT9':."001) TFH=1C, 

*DELETE DAYBRKr1587 
4 l^XplEHTIPE TO FAILURE93l)v2HHR96Y43HTFH94X9F2C96// 

*DELETE DAMBF.K.159^ 
7 1GX912HTIME TO PEAK,34X92HHR,EX92HTPe5X9FIO*6// 

*DELETE DAF BRK,1591 
8 lCX•14HTIwE STEP SIZE932X,2HHR96X,4HDTHI9!X*FlEA6////) 

*DELETE DAMBRK•1756 
CALL INTER(J,FI,IDAM) 

*DELETE DAMBRK.I847 
1:73 FORMAT(1 X,5HTT= •F8,6,llX,6HDTH = 9F9*6.11X98HI77ER = 913/ 
*DELETE DAMBRK,1997 
1165 FORMAT(//I!X,61+KTIME=9I395X916HALLOIWABLE KTIPE=*I4,1:X,3H7T=iF84E) 
*DELETE DAMBRKe2115 
1265 FORMAT(/////!X,5HTP = 9F1Q98,InX•7HTFO0 ,FIG,8,lQX,7HQMAX = 9 
*DELETE DAMBRK*21ls 

IF12,29lCX,6HTFH = 9F10*8/////) 
*I LSEkT DAMBRK.*2119 

IF(KKh.EG.9) GO TO 1350 
*DELETE DAMBRK*212= 
1281 IF(KKN*EG*9) GO TO 1350 
*DELETE DAMBRKC*4 

COMMON /SIM/ ®(790)• TIC 503)9GI(°_3)*YO,RLM,SCM,CPh,YEMIN98B,Z,TFH, 
*DELETE BDARY*4 

COMMON /SIM/ 0(700),TI(5re)9GI(!E3)4Y09RL149SOM9CPhilEMIN,EB9297FH9  
*DELETE INTER44 

COMMON /SIM/ Q(7'~0),TI(563)'GI(5C3)yYO,RLMISOM9CMh9YPMIN,BB9Z9TFH9 
*DELETE INTERP*3 

COMMON /SIM! 0(7C0)9TI(503)+CI( {3)+xfl•itLf(+ SOM:1eMl►.Y!'f"IiV+~E~Z,TFH+ 
*INSERT PLOT *82  

IF (HDIF*LT.*I) HTWClt=.805 
IF(HDIF .LT.-.L5) HIIVCR=*601 
IF(HDIF.LT.*v25) HINCRZ*4003 

*INSERT PLOT9192 
IF(HIf*CR.EQ*.8J05) YRITE(69118 ) PgSgIGvMPLOT 
IF(HINCR,EQs **01) WRITE(6,117) 1^,S9I9914FLOT 
IF(FINCR*EG. *CC!) LRITE(6,117) *9S+Ifl9MFLOT 

117 FORMAT(2X,F7t3,F7*1•I992Xv51A1) 
118 FORMAT(IX,F8.4•F7.19I992X951A1) 

*INSERT PRFLOT*13 
DATA PK/C*/ 

I 

I 
n 
I 
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