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ABSTRACT 

SERATRA, a transient, two-dimensional (laterally-averaged) computer model 
of sediment-contaminant transport in rivers, satisfactorily resolved the dis
tribution of sediment and radionuclide concentrations in the Cattaraugus Creek 
stream system in New York. By modeling the physical processes of advection, 
diffusion, erosion, deposition, and bed armoring, SERATRA routed three sediment 
size fractions, including cohesive soils, to simulate three dynamic flow 
events. In conjunction with the sediment transport, SERATRA computed radionu
clide levels in dissolved, suspended sediment, and bed sediment forms for four 
radionuclides (137cs, 90sr, 239,240pu, and 3H). By accounting for time
dependent sediment-radionuclide interaction in the water column and bed, 
SERATRA is a physically explicit model of radionuclide fate and migration. 
Sediment and radionuclide concentrations calculated by SERATRA in the 
Cattaraugus Creek stream system are in reasonable agreement with measured 
values. 

SERATRA is in the field performance phase of an extensive testing program 
designed to establish the utility of the model as a site assessment tool. The 
model handles not only radionuclides but other contaminants such as pesticides, 
heavy metals and other toxic chemicals. Now that the model has been applied 
to four field sites, including the latest study of the Cattaraugus Creek stream 
system, we recommend a final model validation through comparison of predicted 
results with field data from a carefully controlled tracer test at a field 
site. We also recommend a detailed laboratory flume testing to study cohesive 
sediment transport, deposition and erosion characteristics. The lack of 
current understanding of these characteristics is one of the weakest areas 
hindering the accurate assessment of the migration of radionuclides sorbed by 
fine sediments of silt and clay. 
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SUr.t1ARY 

The migration and fate of radionuclides in surface waters are controlled 
by four complex mechanisms. These mechanisms are radionuclide transport due to 
water and sediment movements; intermedia transfer due to adsorption/desorption, 
precipitation/dissolution, and volatilization; decay and degradation due to 
radionuclide decay or chemical and biological degradation (where applicable); 
and transformation due to the yield of daughter, degradation, or chemical
reaction products (where applicable). SERATRA, a two-dimensional (laterally
averaged) finite element model of sediment-radionuclide transport, was formu
lated to account for these mechanisms in a physically explicit manner. 

SERATRA predicts time-varying longitudinal and vertical distributions of 
sediments and radionuclides in nontidal rivers and some impoundments. The 
model consists of three coupled transport submodels, sediment transport, 
dissolved radionuclide transport, and particulate radionuclide transport, 
which are capable of time-dependent sediment-radionuclide interaction in the 
riverbed and water column. 

The potential of SERATRA as a site assessment tool has led to a lengthy 
testing program designed to validate the model over a variety of field condi
tions. Initially, numerical experiments, i.e., mass balance checks and com
parisons with analytical solutions, were performed to confirm the accuracy of 
the model. Next, SERATRA was taken to the field where it was applied to large 
rivers with steady flow conditions under several previous projects. SERATRA 
is currently in the final stage of the testing program where smaller rivers 
with dynamic flow events are being modeled. 

Hence under this study, SERATRA was applied to a system of two small, 
highly dynamic streams in New York: Cattaraugus and Buttermilk Creeks. 
Radionuclides found in this system are due in part to a radioactive waste 
burial site near Franks Creek, a tributary of Buttermilk Creek. An extensive 
field data collection program provided time- and space-dependent measurements 
of discharges, sediments, and radionuclides for the modeling of three flow 
events. Particular attention in the field sampling program was given to the 
behavior of radionuclides associated with the various size fractions of bed 
and suspended sediment. Laboratory analyses of collected samples under 
separate project~ yielded data on 30 radionuclides including equilibrium 
distributions of dissolved and sorbed radionuclide forms. The depths and 
discharges required as input to SERATRA were obtained by hydrodynamic models 
with measured and synthesized flow data. Radionuclide information for an 
application of SERATRA was sufficient in four cases: 137cs, 90sr, 239,240Pu, 
and 3H. 

Sediment and radionuclide concentrations predicted by SERATRA on the three 
flow events were in reasonable agreement with values measured in the field. 
SERATRA performed best where the most field data were available, underscoring 
the importance of complete and accurate input data when describing a complex 
modeling system. 
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SERATRA has now been tested on four field sites of widely varying flow and 
topographic characteristics. We recommend a comparison of predicted results 
with field data from a carefully controlled tracer test as the final validation 
of SERATRA. Since the confidence of radionuclide transport modeling is 
severely impaired by the general lack of the understanding of cohesive sediment 
transport characteristics, we strongly recommend that detailed laboratory flume 
testing be performed to increase the understanding of the basic mechanisms of 
transport, deposition and erosion of cohesive sediment in fresh and saline 
waters. 
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1.0 INTRODUCTION 

Four complex mechanisms govern the migration and fate of contaminants in 
surface waters: 1) transport, 2) intermedia transfer, 3) decay and degrada
tion, and 4) transformation. 

Transport refers to the mixing and advection of contaminants by the water 
flow. This includes the transport of sorbed and precipitated contaminants by 
the movement of solids entrained in the flow. Intermedia transfer involves the 
exchange of contaminant across the solid-liquid and liquid-gas interfaces. In 
the bed and water column, particulate-contaminant interaction occurs through 
precipitation/dissolution and adsorption/desorption. At the water surface, 
contaminants are volatilized to the atmosphere. Decay and degradation 
mechanisms attenuate the contaminant severity. Processes included in this 
category are radionuclide decay, and degradation due to hydrolysis, oxidation, 
photolysis, and biological activities. Transformation, on the other hand, 
creates new forms of potentially hazardous substances through the yield of 
daughter, degradation, or chemical-reaction products. 

Historically, contaminant modeling in surface waters has been performed 
without considering the nonaqueous forms a contaminant may exist in or evolve 
to. Although a contaminant may be substantially precipitated, volatilized, or 
sorbed to a solid matrix, the aqueous-only modeling approach remains popular 
because of the conservative concentrations predicted for dissolved contami
nants in most cases. Recent concern for the accumulation of contaminants in 
the environment in addition to the dissolved contaminant levels has prompted 
the development of more sophisticated surface water models. 

SERATRA, a computer model of sediment-contaminant (e.g., radionuclides, 
pesticides, heavy metals) transport was developed in response to the need for 
a site assessment methodology which realistically addresses the governing 
mechanisms of contaminant migration and fate in surface waters. SERATRA uses 
the finite element computational approach to predict time-varying longitudinal 
and vertical distributions of sediments and contaminants in rivers and some 
impoundments. 

The model consists of the following three coupled submodels, which 
describe sediment-contaminant interactions and migration: 

- a sediment transport submodel 
- a dissolved contaminant transport submodel 
- a particulate contaminant transport submodel. 

The sediment transport submodel simulates transport, deposition, scouring 
and armoring for three size fractions of cohesive and noncohesive sediments. 
The transport of particulate contaminant (i.e., contaminants adsorbed by 
sediment) is also simulated for each sediment size. Dissolved contaminants 
are linked by the adsorption/desorption process to the particulate contami
nants. The contaminant submodels account for 1) advection and dispersion of 
dissolved and particulate contaminants; 2) radionuclide decay and chemical and 
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biological degradation resulting from hydrolysis, oxidation, photolysis, 
biological activities where applicable; 3) volatilization; 4) adsorption/ 
desorption; and 5) deposition and scouring of particulate contaminants. 
SERATRA also computes changes in riverbed condit ions for sediment and 
contaminant distributions. 

In an effort to prepare SERATRA for dissemination, a lengthy program of 
testing has been followed. Initially, numerical experiments were performed to 
confirm the accuracy of the model. These experiments consisted of simulating 
problems which have analytical solutions to compare against, and checking the 
mass balance by isolating the various mechanisms in the model formulation. 
Upon the successful completion of these experiments, SERATRA was then applied 
to actual field sites. 

Prior to this study, sediment and radionucl ide transport in the Columbia 
River in Washington and the Clinch River in Tennessee, were simulated by 
SERATRA under steady flow conditions (Onishi and Wise 1979, Onishi et al. 
1980}. The reasonably good results produced by SERATRA in these two applica
tions paved the way for the final phase of model testing: unsteady flow 
conditions. 

In an ensuing study, contamination in Four Mile and Wolf Creeks in Iowa 
was simulated .over a three year period during which highly dynamic runoff 
events occurred (Onishi et al. 1979). Although the concentrations of alachlor 
(a pesticide) predicted by SERATRA were reasonable, no measured data were 
available for comparison. 

SERATRA had now been successfully applied to three diverse stream systems, 
modeling both radionuclides and pesticides. Despite the satisfactory perfor
mance of SERATRA in the field, the time-dependent computation of particulate 
radionuclide transport remained unverified because of data limitations in 
these earlier studies. 

In an effort to investigate the importance of fluvial sediment in the 
transport of radionuclides, the U.S. NRC requested PNL to conduct a comprehen
sive data collection program to provide SERATRA with suitable information for 
the verification study. The field site selected by the U.S. NRC is located 
within the watershed of Cattaraugus Creek in rural western New York. Radio
nuclides found in Cattaraugus Creek and its tributary, Buttermilk Creek, have 
originated in part from the past operation of a low-level radioactive waste 
disposal facility at West Valley, New York (Ecker and Onishi 1978, Walters 
et al. 1982, Ecker et al. 1982}. 

During each of the years 1977 to 1979, Pacific Northwest Laboratory (PNL) 
monitored one, week-long flow event on Cattaraugus and Buttermilk Creeks for 
discharges, sediments, and radionuclides. Hydrodynamics on these three phases 
of data collection were extremely varied, from a high, unsteady flow in Phase 1 
to a low, steady flow in Phase 2 with an intermediate flow in Phase 3. PNL 
determined the physical characteristics of the water and sediment samples , 
e.g., temperature, concentrations, sediment size fractions, densities, etc., 
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before sending the samples mostly to the University of Washington where the 
radiochemical analyses were performed. A total of 30 radionuclides were 
analyzed, of which l37cs, 90sr, 239,240pu, and 3H had adequate data bases for 
a reasonable modeling effort. Fortunately, these four radionuclides have 
distinctly different geochemical attributes allowing the full breadth of model 
capability to be tested. 

Complex models such as SERATRA have extensive data requirements to be 
properly applied in a predictive mode. Inadequate data sets have the effect 
of reducing the analysis to an exercise in curve fitting due to the number of 
model parameters which can be adjusted. In this study of the Cattaraugus 
Creek watershed, all parameters were predetermined prior to the model applica
tion except for the cohesive sediment transport parameters and vertical dis
persion coefficient. To avoid the danger of curve fitting, these latter 
parameters were calibrated on one flow event and applied unchanged to the 
other two flow events. 

This report discusses the performance testing of SERATRA on three flow 
events in Cattaraugus and Buttermilk Creeks where four radionuclides are simu
lated. Included in the report is a model description, summary of previous 
SERATRA applications, results from the application to Cattaraugus and 
Buttermilk Creeks, hypothetical case studies and the computer print out of 
SERATRA code. 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

The sediment-radionuclide transport model SERATRA is undergoing a testing 
program which will lead to its distribution as a site assessment tool. The 
final phase of this testing program is the field verification of the model. 
In the latest of a series of field applications, the Cattaraugus Creek stream 
system in New York was modeled to simulate the transport, deposition and resus
pension of sediment and particulate radionuclides; the transport of dissolved 
radionuclides; and sedi~nt-radionuclide int~ractions. Radionuclides simulated 
by SERATRA were 137cs, 9 Sr, 239,240pu, and H. Results from this modeling 
study indicate that SERATRA can reproduce with reasonable accuracy the mecha
nisms which affect the migration and fate of radionuclides in rivers. 

SERATRA generated the best results where known boundary conditions and 
verification values were both time- and space-dependent. This study emphasizes 
the importance of providing an adequate data set to model a complex phenomenon. 

RECOMMENDATIONS 

1. SERATRA has ~ow been tested at four sites (Columbia River; Clinch 
River; Four Mile and Wolf Creeks; and Buttermilk and Cattaraugus 
Creeks) where its ability to handle a wide range of flow, sediment, 
and contaminant behavior has been demonstrated under current and 
previous studies. As a final step in the validation of SERATRA, we 
recommend that SERATRA be applied to a field site where a carefully 
controlled tracer test (e.g., a neutron activation test) can be 
performed. 

2. Due to the radiochemical nature of the radionuclide transport 
problem, a critical dependence on laboratory analyses is unavoid
able. Radionuclide distribution coefficients are, to a certain 
extent, affected by factors which cannot always be accounted for in 
the laboratory. In particular, the dynamics of field phenomena are 
impossible to duplicate. We recommend additional research into the 
present method of modeling a dynamic adsorption phenomenon. 

3. We also recommend coupling a geochemical model with the transport 
model, SERATRA, so that adsorption mechanisms and precipitation are 
more accurately estimated by a geochemical model to obtain more 
accurate concentrations and forms of radionuclides in surface 
waters. 

4. Basic characteristics of transport, deposition and erosion of 
cohesive sediment (e.g., silt and clay) should be investigated in a 
carefully controlled laboratory flume. The current lack of under
standing of these characteristics inhibits a reliable prediction of 
particulate and dissolved radionuclides in surface waters. 
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3.0 HRMULATION OF MODEL, SERATRA 

The SERATRA code uses the finite element computation method with the 
Galerkin weighted residual technique. It consists of three submodels coupled 
to include the effects of sediment-contaminant interaction. The submodels 
are: 1) a sediment transport submodel, 2) a dissolved contaminant transport 
submodel, and 3) a particulate contaminant (contaminants adsorbed by sediment) 
transport submodel. SERATRA not only calculates distributions of sediment and 
contaminant concentrations in water, but also predicts river bed conditions, 
including bed elevation change, sediment size distribution within the bed, and 
distribution of particulate contaminant concentration in the river bed. The 
detailed model formulation is discussed below: 

3.1 SEDIMENT TRANSPORT SUBMODEL 

Since the movements and adsorption capacities of sediments vary signifi
cantly with sediment sizes, the sediment transport submodel solves the migra
tion of sediment (transport, deposition and scouring) for three size fractions 
of cohesive and non-cohesive sediments. 

The model includes the mechanisms of: 

1. Advection and dispersion of sediments 

2. Fall velocity and cohesiveness 

3. Deposition on the river bed 

4. Resuspension from the river bed (bed erosion and armoring) 

5. Sediment contributions from tributaries and point/nonpoint sources into 
the system and subsequent mixing. 

Sediment mineralogy and water quality effects are implicitly included through 
the above mentioned mechanisms 2, 3, and 4. 

Mass conservation of sediment passing through the control volume leads to 
the following expression for the transport of sediments: 

l_t (C.Bi ) + (U C.B- U.C .. B)+ l_ {c.(W- W .)Bt } a J o J 1 lJ az J SJ 

rate of 
accumulation 

ac. 
= !__ ( £ __let) 

az z az 

vertical 
diffusion 

horizontal 
advection 

+ * (SRj - SDj) 
sediment erosion 
or deposition 
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where(a) 

B = river width 

Cj = concentration of sediment of jth size fraction 

Cij = sediment concentration of horizontal inflow for jth size fraction 

h = water depth 

~ = longitudinal distance 

N = number of sediment size fractions considered. Currently, 
N = 3 (i.e., sand, silt and clay) 

Soj = sediment deposition rate per unit area for jth sediment size fraction 

SRj = sediment erosion rate per unit area for jth sediment size fraction 

t = time 

Ui = horizontal inflow velocity 

U0 = horizontal outflow velocity 

W = vertical flow velocity 

Wsj =fall velocity of sediment particle of jth size fraction 

z = vertical direction 

Ez = vertical diffusion coefficient 

The model neglects longitudinal diffusion and assumes lateral sediment concen
trations to be uniform. However, the model does handle vertical variations of 
longitudinal velocity to cause some longitudinal spread of sediment. 

are: 
Boundary conditions at the water surface (z = h) and river bed (z = 0) 

( w - w ·) c. 
\ SJ J 

ac. 
£ _J_- 0 z az -

ac. 
-(1-y)W .C.-£ --..1.=0 

SJ J z az 

at z = h 

at z = 0 

(a) The symbols defined above remain the same throughout the report. 
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where 

y =coefficient, i.e., probability that particle settling to the bed is 
deposited. 

Sediment erosion and deposition rates, SRj and Soj, are also evaluated 
separately for each sediment size fraction because erosion and deposition 
characteristics are significantly different for cohesive and noncohesive 
sediments. 

Erosion and deposition of noncohesive sediments are affected by the amount 
of sediment the flow is capable of carrying. For example, if the amount of 
sand being transported is less than the flow can carry for given hydrodynamic 
conditions, the river will scour sediment from the stream bed to increase the 
sediment transport rate. This occurs until the actual sediment transport rate 
becomes equal to the carrying capacity of the flow or until the available bed 
sediments are all scoured, whichever occurs first. Conversely, the river 
deposits sand if its actual sediment transport rate is above the flow's capac
ity to carry sediment . . Sediment transport capacity of flow, QT in this model, 
was calculated by either the Toffaleti or the Colby formulas (Vanoni 1975), 
whichever a user assigns. The computer program of the Colby method used in 
SERATRA was that developed by Mahmood and Ponce (Mahmood and Ponce 1975}. The 
sediment transport capacity of flow, QT, was then compared with the actual 
amount of sand, QTa' being transported in a river water. Hence: 

where 

A= the river bed surface area. 

The availability of bed sediments to be resuspended was also examined to 
determine the actual amount of sediment erosion. 

(4) 

(5) 

For sediment erosion and deposition rates of cohesive sediments (silt and 
clay), the following Partheniades (1962) and Krone (1962} formulas, respec
tively, were adoped in this study: 

=M·(~-~ J T R. c J 
(6) 

(7) 
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where 

Mj =erodibility coefficient for sediment of jth size fraction 

Tb = bed shear stress 

= critical shear stress for sediment deposition for jth sediment 
size fraction 

TcRj = critical shear stress for sediment erosion for jth sediment 
size fraction. 

Values of Mj, TcDj and TcRj must be determined by field and/or 
laboratory tests for a particular river regime. The model examines the 
availability of cohesive sediments in the river bed to determine the actual 
amount of sediment erosion. 

When the fall velocity, Ws·, depends on sediment concentration and no 
aggregation occurs, Krone (1962j recommends: 

where 

w . SJ 
" 4/3 = K.C. 
J J 

Kj= an empirical constant depending on the sediment type. 

3.2 DISSOLVED CONTAMINANT TRANSPORT SUBMODEL 

(8) 

The dissolved contaminant transport submodel includes the mechanisms of: 

1. Advection and dispersion of dissolved contaminants (pesticides, 
radionuclides, and other toxic substances) within the river 

2. Adsorption (uptake) of dissolved contaminants by sediments 
(suspended and bed sediments) or desorption from sediments into water 

3. Radionuclide decay 

4. Degradation of dissolved contaminants due to hydrolysis, oxidation, 
photolysis and biological activities 

5. Volatilization 

6. Contributions of dissolved contaminants from tributaries and 
point/nonpoint sources into the system, and subsequent mixing. 

Effects of water quality (e.g., pH, water temperature, salinity, etc.) and clay 
minerals are indirectly taken into account through,changes in the distribut ion 
coefficients for adsorption and desorption, Kdj' Kdj' respectively. In this 
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model, distribution coefficients for adsorption can be assigned to a value dif
ferent from that of desorption to be able to handle not-completely-reversible 
adsorption/desorption processes. Mass conservation of dissolved contaminants 
may be expressed as: 

!_ (G Bi) + (U G B- U.G .B) + !_ (WG Bi) at w o w 1 w1 az w 

rate of 
accumulation 

horizontal 
advection 

vertical 
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= :z (•z ::w B!) 
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- >.G Bt - 1: Kc .G Bt w . 1 1 w 
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chemica 1 
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I I 

-EK. (Kd.C.G -G.) Bt -EK.(Kd.C.G -G.) Bt 
j J J J w J j J J J w J 

adsorption to moving 
sediment 

desorption from moving 
sediment 

I I 

-LY· {1-POR)O.Kb. (Kd.G - G8 .) -Er-(1-POR)O.Kb. (KdjG - G8 .) 
jJ JJ JW J jJ JJ W J 

adsorption to sediment in bed desorption from sediment in bed 
j = 1, 2, 3 (9) 

It was assumed that a contaminant has the same distribution coefficient values 
Kdj or K~, for the moving (suspended and bed load sediments) and non-moving 
(bed sediment without any motion) jth sediment. How~ver, these tw9 types of 
sediments have two different transfer rates, Kj or Kj and Kbj or Kbj, as 
expressed in Equation 9. 

In addition to the previously defined symbols: 

Dj = diameter of jth sediment 

Gsj = particulate contaminant concentration per unit weight of 
sediment in jth sediment size fraction in river bed 

Yj = specific weight of jth sediment 

Gw = dissolved contaminant concentration per unit volume of water 
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where 

Gwi = 

G· = J 

Kci = 

dissolved contaminant concentration in horizontal inflow 

particulate contaminant concentration per unit volume of water 

the first order reaction rate of contaminant degradation due 
to hydrolysis, oxidation, photolysis, biological activities, 
and volatilization 

transfer rates of contaminants for adsorption and 
desorption, respectively, with jth non-moving sediment in bed 

distribution coefficients rate of adsorption and desorption, 
respectively, between dissolved contaminant and moving sediment 
(suspended and bed load sediments) of jth size fraction, 
respectively 

transfer rates of contaminants for adosprtion and 
desorption, respectively, with jth sediment in motion 

A = decay rate of radioactive material. 

POR = porosity of bed sediment 

The distribution coefficients, Kdj and Kdj' are defined by: 

I 

I f . M. f . 
K d K - SJ J - ~ dj an dj - f /V - f C. 

w w w J 

fsj = fraction of contami nant sorbed by jth sediment 
f~ = fraction of contami nant left in solution 
MJ = weight of jth sediment 
Vw = volume of water 

f . G. 

~=t w w 

Hence Equation 1d may be rewritten as: 

I 

G.= Kd. C. G 
J J J w 

or G.= Kd. C. G 
J J J w 

(10) 

( 11) 

The adsorption of contaminant by sediments or desorption from the sediments is 
assumed to occur toward an equilibrium condition with the transfer rate, Kj 
or Kj (with the unit of the reciprocal of time), if the particulate con
taminant concentration differs from its equilibrium values as expressed in 
Equation 11. Longitudinal dispersion of dissolved contaminant is considered 
to be negligible when compared to convection. Longitudinal spread of con
taminants due to vertical variation of longitudinal velocity is, however, 
simulated in this study. 
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Boundary conditions at the water surface and river bed are : 

at z = h (12) 

at z = 0 (13) 

One of the important mechanisms of transport and fate of contaminants is 
the degradation and volatilization of contaminants in an aquatic environment. 
The contaminant degradation includes both chemical and biological reactions. 
Major mechanisms of chemical degradation are due to reactions of: 1) hydroly
sis, 2) oxidation, and 3) photolysis (Smith et al. 1977). Due to the present 
lack of knowledge on degradation and volatilization of particulate contaminants 
(Smith et al. 1977), these degradation mechanisms were considered only for the 
dissolved contaminants. These degradation and volatilization rates are 
included in Equation 9 ·as the first order kinetic reaction rates, Kci; i=1, 
2, 3, 4 and 5. Actual formulations of chemical and biological degradation, 
and volatilization were obtained from pesticide studies conducted by Smith 
et al. 1977, Zepp and Cline 1977 and Falco et al. 1976. These formulations 
will be discussed below: 

Chemical Degradation Due to Hydrolysis: 

The fundamental concept of chemical reactivity is based on the quest to 
improve stability in the configuration of the outer shells. A contaminant in 
solution will react with other species in solution and form a complex if there 
is a large increase in stability. Hydrolysis reactions are a specialized type 
of complex formation in which the [OH-] anion acts as the ligand. They are 
quite sensitive to pH changes. The rate of change of dissolved contaminant 
concentration due to hydrolysis is expressed by the following equation (Smith 
et al. 1977): 

Hydrolys i ~ 

dGw + + 
- ~ = KA[H ]Gw + K6[0H ] GW + KNGw 

(14) 
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where 

+ 
pH = - log [H ] 

KA, Ks, KN =acid, base and neutral hydrolysis rates; respectively. 

Rate coefficients, KA, Ks and KN can be determined from laboratory tests 
(Smith et al. 1977). 

Chemical Degradation Due to Oxidation 

Oxidation of contaminants by free radical processes may become important 
under some environmental conditions. The rate of oxidation of contaminant may 
be expressed by the second order reactions depending on the concentration, of 
free and radical oxygen, and dissolved contaminant as shown below (Smith et al. 
1977): 

(15) 

It is assumed that only a small concentration of dissolved contaminants 
is oxidized, and that the second term in the right hand side may be deleted 
(Smith et al. 1977). Hence : 

dG 
- dtw = Kox[R02•]Gw = Kc26w 

where 

K0x, KAB = oxidation rates of free radical oxygen of [R02·J and [RO·], 
respectively 

R02· = free radical oxygen 

RO• = free radical oxygen 

The rate constant, K0x can be obtained from laboratory tests outlined by 
Smith et al. (1977). 

Chemical Degradation Due to Photollsi~ 

(16) 

Some contaminants can be photochemically transformed by absorbing light, 
especially ultraviolet light. The rate of contaminant concentration change 
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due to photolysis reactions may be expressed by (Zepp and Cline 1977, Smith 
et al. 1977, and Stanford Research Institute 1979): 

where 

C = average sediment concentration above water depth Z 

I0 A = incident light intensity of wave length A 

IA = light intensity of wave length A at water depth Z 

J = conversion constant 

Ki = light attenuation coefficient for water 

Kz = light attenuation coefficient due to suspended sediment in water 

£A = molar extinction coefficient of light with the wave length A 

~ = quantum yield. 

( 17) 

Since each computational cell has a vertical finite element thickness, 
the above equation was averaged over the element thickness for each element in 
this study. Hence: 

(18) 

where 

i = element's number counted from the river bottom 

n = total number of elements 

6Z = element thickness. 
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Various parameters and coefficients can be measured by conducting laboratory 
tests and/or field measurements (Zepp and Cline 1977, Smith et al. 1977, and 
Stanford Research Institute 1979). 

Biodegradation 

A contaminant compound may be degraded by microbial activities in an 
aquatic environment. In this study it is assumed that microbial degradation 
can be expressed by the second order reaction (Falco et al. 1976, Smith et al. 
1977) depending on concentrations of biomass and contaminant in water, as 
shown below: 

dG 
- dtw = KB1[B]Gw = KC5Gw (19) 

where 

[B] = biomass per unit volume 

Ks1 = the second order rate constant for biodegradation. 

V o 1 at il i z at i on -------
The volatilization of a contaminant occurs at the air-water interface. 

The change of contaminant concentration due to volatilization may be expressed 
by the following first order reaction (Smith et al. 1977): 

where 

Kc3 = volatilization rate of the contaminant 

Kc3 can be estimated by the following relationship: 

(KC3) water body = (Ko) water body ( ~~3 ) laboratory test condition 

= (Ko) water body ( ::) 

where 

d0 , ds =molecular diameters of oxygen and contaminant, respectively 
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(Kc3) laboratory test conditions = volatilization rate through any 
substances measure at a laboratory 

(K 0 ) water= oxygen reaeration rate through water-air interface 

3.3 PARTICULATE CONTAMINANT TRANSPORT SUBMOOEL 

The transport model of contaminants attached to sediment includes the 
mechanisms of: 

1. Advection and dispersion of particulate contaminants 

2. Adsorption of dissolved contaminants by sediments or desorption from 
sediments into water 

3. Radionuclide decay 

4. Deposition of particulate contaminants to the river bed or 
resuspension from the river bed 

5. Contributions of particulate contaminants from tributaries and 
point/nonpoint sources into the system, and subsequent mixing. 

As in the transport of sediments and dissolved contaminants, the conserva
tion of contaminants adsorbed by each sand, silt and clay sediment may be 
expressed as: 

vertical 
diffusion 

where 

rate of 
accumulation 

horizontal 
advection 

radionuclide adsorption 
decay 

vertical 
advection 

desorption contaminated sediment 
erosion and deposition 

Gij = particulate concentration per unit volume of water associated 
with the jth sediment size fraction in horizontal inflow. 

( 21) 

Longitudinal dispersion of particulate contaminant was assumed to be 
negligible, as compared to longitudinal advection. However, as noted before, 
the longitudinal spread of particulate contaminant due to nonuniform vertical 
distribution of longitudinal velocity is simulated in the model. It is also 
assumed that chemical and biological degradation of particulate contaminants, 
except radionuclide decay, is not significant. However, if it is necessary to 
include these mechanisms, the radionuclide decay term may include them. 
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The boundary conditions at the water surface and bed are: 

aG. 
G. (W - W . ) - £ ___J_ = 0 

J SJ z az at z = h and 0 (22) 

The finite element technique with the Galerkin weighted residual method 
was used to solve the transport equations of sediments, dissolved contaminants 
and particulate contaminants. 

3.4 FINITE ELEMENT TECHNIQUE 

Because of its increased solution accuracy and ready accommodation to 
various boundary geometries (Desai and Abel 1972, Norton et al 1973, Onishi 
and Wise 1978) this method was used for this study. To apply the finite 
element method to a partial differential equation, an alternate integral 
equation is developed. The finite element method employing a Galerkin 
weighted residual was used to solve Equations 1, 9, and 21 with the associated 
boundary conditions of Equations 2, 3, 12, 13, and 22. Since the governing 
equations of sediment and contaminant transport have similar forms, the finite 
element technique· is described here for the following advection-diffusion 
equation of the general form: 

a0 a a ( a0) L [0] =-- +-- (v0) --- £ -- + a0 - e at az az z az 

The coefficients v, Ez, a, e are defined to accommodate the specific forms 
of the sediment and contaminant transport equations. 

Gal~rkin Weighted Residual Method 

( 23) 

The governing partial differential equation can be recast in an integral 
form employing the weighted residual method. This integral is formed by taking 
the product of L[0] with some arbitrary set of weighting functions, Wj, which 
yields: 

X = J L[0]W .dz (24) 
R J 

where 

R = a domain of interest. 

If 0 is approximated by some polynomial: 

n 
0 = E 0.W. 

i=1 1 1 
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where 

Wi = approximating functions then the quantity L[iJ represents the 
residual error. 

For the Galerkin weighted residual method, the approximating function Wi is 
chosen to be the same as the weighting function Wj. The integral term 
becomes an error distribution principle by which the nodal values ~i can be 
determined so that the residual error over the domain R is orthogonal to the 
polynomial selected for weight and interpolation functions. 

By expanding the equation and integrating by parts, the reduced functional 
results: 

j = 1, 2 ... n + 1 

Note that Equation 26 was derived by assuming no net flux across the boundary. 
In cases where the boundary has positive or negative net flux across it, this 
flux was incorporated as a source or sink term in the governing equation. 

The above integral can be partitioned so that: 

(27} 

where 

n = the number of subdomains. 

This may be expanded to give: 

dz + Lzn+l 
• • • + z [ ] dz 

n 

(28) 

The contents in brackets in Equation 28 are the same as those in Equation 26. 
Equation 28 will yield a set of n+1 ordinary differential equations in terms 
of the 0n+l· 

Fin it.~:.E_L~f!!en!__~q~ t i O'J2_ 

The contributions from any typical subregion or finite element can be 
developed by substituting a particular polynomial approximation for 0 into 
Equation 26. For simplicity, a linear approximation was chosen: i.e., 

3.13 



z.+1 - z z - z. 
IS = ~ = -l i. + 1 ~ 6Z 1 6Z ~i+1 

where 

llZ = Zi+1 - Zi. 

In vector notation, one has: 

- I ~i I ~(z,t) = w.,w.+1 ~ 
1 1 "'i+1 

where weighting functions are given by: 

1 w. =-- (z.+l - z) 1 6Z 1 

1 w.+1 =-- (z- z.) 
1 6Z 1 

The individual terms in the functional are approximated by: 

az 

az :~i' •:! ~! { :: +1}· - [- !z: !z ]{::+1} 

(29) 

( 30) 

( 31) 

( 32) 

{33) 

(34) 

Substituting these quantities into Equation 26 for a typical subdomain, a set 
of algebraic equations is obtained. 

The results for individual terms are given below. 

1. Time Dependent Term: 

1 z.+1 
R. w. at~ dz = (

1 

w.w.dz {a~} 
e1 J a Jz. 1 J 

1 

6Z [2 1] dz = b' 1 2 
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diS. , 
dt 
diS;+} 

dt 
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2. Advective Term: 

J W. avrS dz = J W. ~ d + J W. v3rS d = 
R . J az 

Rei 
J az z R . J az z 

e1 e1 

- ~i +iv i+1 1 v + ¥ b i i+1 •• 1 

= ( 36) 
1 1 1 +~ -i+1 -f'i -%"i+1 - b'vi i+1 

3. Diffusion Term: 

[
1 -11{-i } £ [1 -1] {~i } 
1 -1 -1+1 dz = '~ 1 -1 -i+l 

(37) 

4. Decay Term: 

J
zi+1 

J W .arS.dz = a W .W .dz0. 
R J 1 J 1 1 
ei zi 

a6Z [
2 

=-r 
1 

(38) 

5. Sink/source Term: 

zi+1 

J W .sdz = B f W .dz = 
R . J z. J 

e1 1 1
1/2) 

86Z 
1/2 

(39) 

Where e is assumed independent of z. However, many sink/source terms in Equa
tions 1, 9, and 21 are not independent of z and these terms are integrated 
according to their dependency of z. Summing up and gathering terms, one can 
write the element contributions to the matrix equation as finite element: 

where 

E [ P] . "1 + [S] . "1 = E R . n 1 r/J . I lr/J . I n { } 
j=1 eJ ~i+1 eJ ~i+1 j=1 eJ 

[

1/3 
(P] . = 6Z 

eJ 1/6 
1/6] 
1/3 
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£z 
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- t.Z ' 

(if s is independent of z) ( 42) 

+lv + at.z) 
6 i+1 3 

+ 1v + at.z) 
'b i+l T D - ~v,. + 2v + at.z) 

o j i+1 T 

( 43} 

(44) 

The summation given in Equation 27 gives the rules for construction the 
matrices for all finite elements; the matrices [P] and [S] become tridiagonal 
matrices. The final set of equations is a generalization of Equation 40. 

Time-Dependent Solution 

where 

The final set of equations derived above can be expressed by: 

[P] matrix = a symmetric tridiagonal 

[S] matrix = an unsymmetric tridiagonal 

{R} = a load vector. 

This final system of equations is approximated by a Crank-Nicholson scheme 
( V a rg a 19 65 ) : 

n+1 n ( n+1 n) ( n+l n) [P] {~} t.t - {~} = - t [S] {~} + {~} + t {R} + {R} 

(45) 

( 46) 

Solving the for n+1 value of , this expression can be rearranged to obtain: 

n+1 n 
[P] {~} = [S] {~} + {R} ( 47) 

where the new coefficient matrices are: 

( 48) 

- (t.t) -[5] = [P] - ~ [S] ( 49) 
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(50) 

This type of approximation is second order correct, unconditionally stable and 
easily solved by most available tridiagonal solution schemes. 

A computer program has been written in the FORTRAN preprocessor language 
FLECS to implement the model (Onishi and Wise 1979). However, a standard 
FORTRAN IV version of SERATRA is also available. 

3.5 LISTS OF INPUT DATA AND SIMULATION OUTPUT 

SERATRA, consisting of the three submodels, is applicable to nontidal 
rivers and impoundments. One of the advantages of SERATRA is that it can be 
applied to water bodies over large longitudinal distances and shallow depths 
by using a large aspect ratio of a computational cell. Input data require
ments for SERATRA are: 

• Common Data Requirements for all the Submodels: 

- Channel geometry 

Discharges and flow depths of the rivers during the simulation period 

- Discharges of tributaries, overland runoff and other point/nonpoint 
sources 

- Vertical dispersion coefficient 

• Additional Requirements for Sediment Transport Submodel 

- Sediment size fractions 

- Sediment density and fall velocities of sediments (sand, silt, and 
clay) 

- Critical shear stresses for erosion and deposition of cohesive 
sediment (silt and clay) 

- Erodibility coefficient of cohesive sediment 

Initial Conditions 

- Sediment concentration for each sediment size fraction 

- Bottom sediment size fraction 

Boundary Conditions 

- Sediment concentration at the upstream end of the study reach 
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- Contributions of sediments from overland, tributaries and ot her 
point and nonpoint sources. 

• Additional Requirements for Dissolved and Particulate Contaminant 
Transport Submodels: 

- Distribution coefficients and transfer rates of contaminant with 
sediment in each sediment size fraction (i.e . , sand, silt, and 
clay}. If values of distribution coefficients are not available, it 
is necessary to know clay mineral and organic sediment content to 
estimate these values. 

- Degradation, volat i lization and decay rates of contaminants 

Initial Conditions 

- Dissolved contaminant concentration 

Particulate contaminant concentration for each sediment size 
fraction (i.e . , those attached to sand, silt, and clay} 

Boundary Conditions 

- Dissolved and particulate contaminant concentrations for each 
sediment size fraction at the upstream end of the study reach 

- Contributions of dissolved and particulate contaminant 
concentrations from tributaries, overland, and other 
point/nonpoint sources. 

With the input data described above, SERATRA simulates the following: 

1. Sediment simulation for any given time 

longitudinal and vertical distributions of total sediment (sum of 
suspended and bed l oad} concentration for each sediment size fraction 

- longitudinal and vertical distributions of sediment size fractions 
in the river bed 

- change in bed elevation (elevation changes due to sediment 
deposition and/or scour} 

2. Contaminant simulation for any given time 

- longitudinal and vertical distributions of dissolved contaminant 
concentration 

- longitudinal and vertical distributions of contaminant concentration 
adsorbed by sediment for each sediment size fraction 
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- longitudinal and vertical distributions of contaminant 
concentrations in the bottom sediment within the bed for each 
sediment size fraction. 
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4.0 MODEL TESTING 

This chapter describes the testing program which has led to this applica
tion of SERATRA to the Cattaraugus and Buttermilk Creeks in New York. Sen
sitivity analysis results are also discussed here. SERATRA was developed as a 
site assessment tool for contaminants in surface waters. To build its credi
bility as a reliable transport model, a rigorous four point testing program 
was established: 

1. analytical solution confirmation 
2. mass balance check 
3. steady flow field verification 
4. unsteady flow field verification. 

SERATRA is now in the final phase of model verification. 

4.1 ANALYTICAL SOLUTION 

First, the mpdel was tested under conditions where analytical solutions 
were known. These tests examined how accurately the code algorithm portrays 
the vertical sediment and contaminant distributions. This was accomplished by 
applying the code to well-posed convection-diffusion boundary value problems 
having analytical solutions. One of the cases dealt with the following 
unsteady one-dimensional convection-diffusion equation: 

with an initial condition of 

and boundary conditions of 

C(o,t) = 0 and C(t,t) = 0. 

Parameter values employed in the test cases were length (t) = 1, velocity 
(U) = -2, and vertical dispersivity (Ey) = 1. The computed results and the 
analytical solution compared favorably (Figure 4.1). Such agreement verified 
that the finite-element computational scheme of the SERATRA code accurately 
solves the convection-diffusion equation. 

4.2 MASS BALANCE 

Fundamental to any successful application model is the ability to con
serve mass. Errors in mass balance can be due to the model formulation or the 
truncation error of the computer. Hence, after examining the model against 
analytical solutions as discussed in Section 4.1, the mass balance of SERATRA 
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to the Unsteady Convection-Diffusion Equation 

was tested for 18 runs. These numerical experiments were designed to isolate 
the various physical and chemical processes in SERATRA for mass balance 
behavior. Table 4.1 summarizes the processes evaluated in this part of the 
testing program. 

The machine accuracy of the computer used to apply SERATRA is seven 
significant figures. Each segment in this simulation displays mass conserva
tion with an accuracy of at least five significant figures for each of the 
tested processes. 

4.3 SENSITIVITY ANALYSES 

As indicated in Chapter 3, only model parameters and coefficients which 
can be adjusted to fit to measured sediment and radionuclide data are vert ical 
dispersion coefficient, and three parameters for cohesive sediment erosion and 
deposition (critical shear stresses for erosion and deposition and erodibi l ity 
coefficient). Sensitivity analyses revealed that disp~rsion coefficient was 
rather important not only to the vertical sediment and contaminant distribu
tions but also to the overall stability of the modeling. Three parameters for 
cohesive sediment erosion and deposition strongly affect the fine sediment 
distributions in water column and river bed, thus radionuclide transport, 
deposition and erosion. For example, sediment concentrations almost linearly 
increase with the erodibility coefficient once the bed shear stress is above 
the critical shear stress of eros ion. Unfortunately, these parameters are 
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some of the least known parameters due to the lack of general understanding of 
cohesive sediment erosion and deposition. Further field and laboratory studies 
on the mechanisms of fine sediment transport, deposition and erosion should be 
conducted to improve the current understanding of the fine sediment transport 
characteristics to reduce the uncertainty on the fine sediment, thus also 
radionuclide transport modeling. 

Other model parameters and coefficients shoul d be determined by theoreti
cal, experimental and field studies prior to model calibration rather than to 
adjust these values as a part of the model calibration to fit predicted distri
butions to measured data. 

The study also reveals that the distribution coefficient is a very 
important parameter and almost linearly affects the particulate radionuclide 
concentrations, as shown in a series of cases discussed in the next chapter. 
Profound effects of flow and sediment diameters on the migration of radio
nuclides are also revealed as indicated in Chapter 5. 

4.4 PREVIOUS FIELD TESTING UNDER STEADY FLOW CONDITIONS 

The goal of the field testing program was to demonstrate the effectiveness 
of the model under a wide range of field conditions. 

The Columbia River in Washington between Priest Rapids (River Kilo
meter 640) and McNary Dams (River Kilometer 470) was modeled under previous 
studies for the transport of sediments, radioactive 65zn (Onishi and Wise 
1979), and a heavy metal (Onishi et al. 1982). The Columbia is a large river 
(-1700 m3/s) which contains both free flowing and backwater regions. Flow 
conditons were assumed to be steady. A comparison of the SERATRA predicted 
results with measured 65zn concentrations appears in Figure 4.2. Correla
tion is excellent. 

The next site chosen for another previous study was the Clinch River in 
Tennessee (Onishi et al. 1980). The Clinch is of intermediate proportions 
(-120 m3/s) also exhibiting steady flow conditions. In this case, the 
modeled reach was 37.2 km of backwater from the river mouth to Melton Hill Dam 
(river kilometer 37.2). Results from this model i ng of 90sr are in excellent 
agreement with measured concentrations (Figure 4.3 ). 

4.5 PREVIOUS FIELD TESTING UNDER UNSTEADY FLOW CONDITIONS 

The success of SERATRA in larger rivers under steady flow condiions paved 
the way for the first field application with unsteady boundary condit ions. 
Generally, the time scale for events on a large st ream are much longer than 
those on a small stream. Thus, without going to longer simulations, the best 
way to test the dynamics of the code is to apply it to smaller streams. The 
baseflow of Wolf Creek in Iowa is -7 m3/s. High runoff events on this 
stream can raise the flow to 20 m3/s for short periods of time which was the 

4.4 



.::. . 
U"' 

120 

~ -
~100 
z 
0 
1-
<t: 
0::: 
1-z 
UJ 
u z 
0 
u 
UJ 
0 

.....J 
u 
::::::> 
z 
0 -0 
<t: 
0::: 

80 

60 

40 

0 

-- TOTAL 65zn 65 
--- PARTICULATE Zn 
--DISSOLVED 65zn 

e MEASURED TOTAL 65zn (FOSTER AND NELSON I 1962) 
o MEASURED TOTAL 65zn (HAUSHILD et al. 1 1966) 
6 MEASURED PARTICULATE 65zn (HAUSHILD) 

et al. I 1966) 
D MEASURED Dl SSOLVED 65zn (HAUSHILD) . . 

• et al. 1 1966) 

./" 

("'I!. ........ .,. ' /"' 
I ' /,. 

'~ 
I /' 

/ ' .,--~' I ~ '' ,r ' 
I ____ / ............ 

r--/ ~ 
/ -~ ~ ~ ....... ........ ....... 

480 500 520 540 560 580 600 620 

RIVER KIL~ETERS 

FIGURE 4.2. Comparison of Predicted Results with Measured Zinc-65 Concentrations 
in the Columbia River, Washington (Onishi et al. 1979) 

640 



4 

---
~ 

3 u 
0. 

~-

~ 
<:( 
0:: ...... z ...., 
u 

2 ~ 
u -TOTAl 90sr ...., 

---- PARTICUlATE 90sr 0 

-' u 
-- DISSOlVED 90sr :::> 

~ 0 MEASURED TOTAl 90sr 
0 
< • MEASURED PARTICUlATE 90sr 0:: 

0 MEASURED DISSOLVED 90sr 

0 
0 10 15 25 35 

RI VER KI LCMETERS 

FIGURE 4.3. Longitudinal Distributions of Dissolved, Particulate 
and Total Strontium-90 Concentrations in the Clinch 
River, Tennessee (Onishi et al. 1980) 

case when SERATRA was applied here (Onishi et al . 1979). A 3 year simulation 
of a pesticide called Alachlor from June 1971 to May 1974 was performed. Since 
several runoff events introduced significant amounts of water, sediment, and 
alachlor into Wolf Creek, the transport processes for these constituents were 
very dynamic. Although the simulation results under these dynamic flow condi
tions seem reasonable (Figure 4.4), no measured data were available to examine 
the accuracy of the model prediction for this case. 

The quest for a highly dynamic river with adequate verification data on 
water, sediment, and radionuclides led to a field sampling program performed 
on Cattaraugus and Buttermilk Creeks in New York. The information gathered in 
this watershed is the most extensive collection of radionuc l ide data ever 
assembled . In the next chapter, testing of SERATRA will be discussed when it 
was applied to the Buttermilk and Cattaraugus Creeks in which reasonably good 
data were collected under a separate project (Ecker and Onishi 1978, Walters 
et al. 1982, Ecker et al. 1982) . 
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5.0 MODELING APPLICATION 

In this chapter, SERATRA, a transient, two-dimensional (laterally
averaged), sediment and radionuclide transport model, is applied to the 
Cattaraugus/Buttermilk Creeks in New York. Data from an extensive field 
sampling and analysis program provided the information necessary for the 
execution of this computer model. Waterr sediment, and radionuclides were 
analyzed for various properties including temperature, concentration and 
activity levels. 

Hydrologic modeling of rainfall, runoff, and instream hydrodynamics were 
performed to generate data necessary for SERATRA. These data were calibrated 
against measured streamflow in Cattaraugus Creek. A calibration of the 
cohesive sediment transport parameters was also done. 

Ten simulations were performed on three flow events. The modeled radio
nuclides were 13/cs, 90sr, Z39,240pu and 3H. 

5.1 SITE DESCRIPTION 

The Western New York Nuclear Service Center, shown in Figure 5.1, is 
located about 30 miles south of Buffalo, New York. The Center consists of a 
3345-acre site in the north central portion of Cattaraugus County. The Center 
is situated along an elongated rolling plain with glaciated bedrock hills 
along the eastern, western and southern boundaries, and Buttermilk Valley 
along the northern boundary. All surface drainage of the Center discharges 
into Buttermilk Creek. At the northwest end of the property, Buttermilk Creek 
joins Cattaraugus Creek which flows in a westerly direction into Lake Erie, 
39 miles away. Cattaraugus Creek flows in a general westerly direction 
through Zoar Valley, Gowanda, and Cattaraugus Indian Reservation and empties 
into Lake Erie, 27 miles southwest of Buffalo. It is 20 stream miles from the 
confluence of Buttermilk and Cattaraugus Creeks to Gowanda and another 
19 miles to the mouth of Cattaraugus Creek at Lake Erie. Franks Creek 
(Erdmans Brook), a tributary of Buttermilk Creek, serves as a receptor for 
runoff from the Center's Burial site. 

Three water courses, Franks Creek, Buttermilk Creek and Cattaraugus 
Creek, are the principal water courses of interest in the study of radio
nuclide transport in surface waters from the Western New York Nuclear Service 
Center. The following is a brief description of each of these water courses. 

Franks Creek, commonly referred to as Erdmans Brook, includes the 
drainage area for both the low- and high-level nuclear burial sites. The 
creek flows into Buttermilk Creek about 0.5 miles downstream of the burial 
sites. The stream flow in the creek is intermittent, varying between 0 and 
100 cubic feet per second (cfs). The creek is very narrow, varying in width 
from 2 to 10 ft. The creek is comprised of chutes and pools, and flows in 
some places through swampy areas. Stream gradients are moderately steep, and 
the creek shows active down-cutting through previously undisturbed glacial 
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till which is comprised of a very stiff clayey material. This clayey material 
appears to be fairly resistant to erosion. The creek flows through a narrow 
and steep, V-shaped valley. 

Buttermilk Creek has a drainage area of approximately 29.4 mi2. For the 
period of record from October 1961 to September 1968, the average discharge of 
Buttermilk Creek was 46.5 cfs. The extreme maximum and minimum discharges 
during the period of record were 3,910 cfs on 28 September 1967 and 2.1 cfs on 
10 October 1963, respectively. Buttermilk Creek flows into Cattaraugus Creek 
about 2.25 miles downstream of the confluence with Franks Creek. The creek 
width under normal conditions varies from about 20ft at the upper end to about 
75 ft near the confluence with Cattaraugus Creek. The channel bed is comprised 
of sand, gravel and cobbles with minor amounts of silt and clay size material. 
Water frequently overflows the channel banks leaving deposits of fine clayey 
silt along the flood plain. The flood plain varies from 300 to 500 ft wide 
with sparse to moderate vegetation. 

A reservoir upstream of the Buttermilk Creek study reach collects runoff 
from a small watershed and periodically releases overflow into Buttermilk 
Creek. Discharge from the reservoir is regulated by a siphon spillway that 
maintains reservoir levels below a certain elevation. Once the siphon is 
primed, large quantities of water are discharged in a short period of time, 
producing extremely fast rising hydrographs in Buttermilk Creek during periods 
of relatively low flow. 

Cattaraugus Creek has an estimated drainage area of 555 mi2 at Lake 
Erie, 432 mi2 at Gowanda and 218 mi2 at the confluence with Buttermilk 
Creek. Based on the United States Geological Survey (USGS) flow data records 
for Cattaraugus Creek at Gowanda, New York, the average discharge for the 
period of record, 1940-1976, is 731 cfs. The extreme maximum and minimum 
daily discharges during the period of record were 34,600 cfs on 7 March 1956, 
and 6 cfs, respectively, on 21 August 1941. 

Peak discharges generally occur on Cattaraugus Creek in October and 
November, prior to the onset of winter snowfall and again in February and 
March as a result of snowmelt. Low discharges generally occur during the 
summer months of July through September when rainfall is less and again during 
the winter months of December and January when persistent freezing conditions 
exist. Figure 5.2 is a summary of the 1975 and 1976 water year monthly dis
charge records of Cattaraugus Creek at Gowanda, New York. Cattaraugus Creek, 
as well as Buttermilk Creek, can be categorized as "flashy" due to their very 
rapid changes in discharge. Figure 5.3 is an excerpt from the 1976 water year 
discharge records showing the September daily discharges of Cattaraugus Creek 
at Gowanda. Discharges can be seen to vary by >5000 cfs in a period of one 
day. 

Cattaraugus Creek is generally free flowing except for a small impoundment 
(Springville Dam) near the Village of Springville. Water flow in the creek is 
confined to a fairly well-defined channel under normal discharge conditions and 
cuts through a series of bedrock gorges which are connected by shallow valley 
deposits of sand, silt and gravel. Bed deposits in the gorges appear to be 
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slight and have well defined cross-section profiles. Little bank interaction 
appears to occur during average- or low-flow conditions. 

Springville Dam (Creek Mile 36.5), located about 2.5 miles downstream of 
the confluence with Buttermilk Creek, is a weir type dam and is 20 ft high. 
The pool behind the dam is only a few acres in size, is narrow and is sur
rounded by nearly vertical walls of a deep gorge. 

In this study, 41.5 miles of stream length on Buttermilk and Cattaraugus 
Creeks were modeled. The modeling began 'on Buttermilk Creek, 2.5 miles above 
the confluence with Cattaraugus Creek, and continued on Cattaraugus Creek for 
39.0 miles to Lake Erie. The only tributary to Buttermilk Creek included in 
the model was Franks Creek. 

Cattaraugus Creek has ten tributaries of varying magnitude, some of which 
are ephemeral, in addition to numerous transient lateral inflow contributions. 
The major tributaries on this stretch of Cattaraugus Creek are Spring Brook 
above Springville Dam, and Spooner, Connoisarauley, South Branch Cattaraugus, 
and Clear Creeks below the dam. Other than the 0.5 mile long reservoir behind 
Springville Dam, Cattaraugus Creek is free-flowing. The only permanent stream 
gaging station on the study reach is operated by the U.S.G.S. at Gowanda Bridge 
on Cattaraugus Creek 20 creek miles downstream from the Buttermilk Creek 
confluence. 

5.2 SAMPLING PROGRAM 

The Cattaraugus/Buttermilk Creeks sampling program consisted of field 
surveys of channel geometry and the monitoring of water, sediment, and 
radionuclides during three time periods: November 30-December 5, 1977; 
September 20-24, 1978; and April 26-29, 1979. These monitoring periods are 
referred to as Phase 1, Phase 2, and Phase 3, respectively. Detailed accounts 
of these monitoring programs can be found in related publications (Ecker and 
Onishi 1979, Walters et al. 1982, Ecker et al. 1982). 

The modeled streams include 2.5 miles of Buttermilk Creek and 39.0 miles 
of Cattaraugus -Creek immediately downstream of the Buttermilk confluence. 
Although the total modeled streamlength is 41.5 miles, six of the eight data 
verification stations (Table 5.1) are located in the first 8.8 miles of simu
lated streamlength. 

The data collection effort on the three phases of monitoring are similarly 
unbalanced. More samples were taken during Phase 3 than in Phases 1 and 2 
combined. This is because only in Phase 3 were time-varying data for water, 
sediment, and radionuclides collected. 

Therefore, the problem which is best defined is the Phase 3 simulation of 
the 8.8 miles of streamlength along Buttermilk and Cattaraugus Creeks. This 
stretch of channel begins just above the Franks Creeks confluence on Buttermilk 
Creek, continues as Buttermilk Creek enters Cattaraugus Creek and ends at Frye 
Bridge, 3.8 miles below Springville Dam (Figure 5.1). In this study, the 
Phase 3 data will be the most heavily relied upon and the Franks Creek to Frye 
Bridge area will be under closer scrutiny than the downstream areas. 
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TABLE 5.1. Sampling Station Location 

SERATRA Sampling River 
Segment Station Mile Descrietion Phase 1 Phase 2 Phase 3 

1 BC-2 BCM 2.05 1200 ft downstream of X 
Franks Creek Confluence 

3 BC-3 BCM 1.34 Bond Road Bridge X X X 

6 BC-4 BCM 0.21 Thomas Corners Bridge X X X 

8 CC-3 CCM 38.4 Felton Bridge X X X 

14 CC-5 CCM 36.5 Spri ngvi 11 e Dam X X X 

21 CC-6 CCM 32.7 Frye Bridge X 
28 CC-9 CCM 16.4 Gowanda Bridge X X X 

34 CC-11 CCM 1. 5 Mouth of Cattaraugus X X X 
Creek 

The modeling strategy was to use the Phase 3 data for calibration, 
attempting to match, as well as possible, the model results to the information 
from the data stations in the first 8.8 miles of the simulation reach. Once 
the input data for SERATRA were prepared, the cohesive sediment parameters and 
the vertical dispersion coefficient remained to be calibrated. Using the 
Phase 3 flow event, these parameters were calibrated and then applied without 
recalibration to the Phase 1 and Phase 2 simulations. All other input parame
ters were specified from the data collection program. 

Channe 1 Geometry 

Surveys of the channel cross-sectional geometry were performed during the 
Phase 1 field investigation and supplemented by additional surveys in the fall 
of 1980. More than 50 cross-sections were logged, primarily upstream of Frye 
Bridge. Long stretches of unsurveyed channel exist between Frye Bridge and 
Lake Erie due to access problems. U.S. Geological Survey Topographic Maps 
aided in the synthesis of these missing cross-sections. 

Sediment Sameling 

G;ab samples of sediment, both in the channel bed and suspended in the 
water column, were the source of sediment data input to SERATRA. Samples were 
taken at each of the collection stations but not i n the tributaries. The bulk 
concentration of the suspended sample was determined before both bed and 
suspended sediment samples were mechanically separated into sand (>74 ~m), 
silt (74 ~m - 4.0 ~m), and clay (<4.0 ~m) fractions. 

Radionuclide Sampling 

Radionuclides can exist in both aqueous and particulate forms. On the 
microscopic level there is a constant exchange of radionuclides between 

5.6 



solution and particle surfaces. In either form, radionuclide measurement 
requires sophisticated laboratory analysis . 

After fractioning and weighing the collected bed and suspended sediment 
samples from Cattaraugus and Buttermilk Creeks, the samples were sent to the 
University of Washington for laboratory testing. Thirty radionuclides and 
their respective activity levels were measured for in this testing. Dissolved 
radionuclides were collected on reactive resin beds as field-sampled water was 
pumped through the beds. These beds were then sent to the University of 
Washington and tested in a manner similar to the sediment samples. 

In addition to the activity levels detected in the water and sediment, 
the University of Washington provided distribution coefficients for five radio
nuclides: 137cs, 85sr, Z37pu, 106Ru, and 241Am (Schell et al. 1979). 

5.3 HYDROLOGIC MODELING 

As part of its input data set, SERATRA requires depths and discharges at 
each timestep for every computational segment. The hydrodynamic modeling of 
Cattaraugus and Buttermilk Creeks which provided these data was performed with 
two models, DWOPER and MUSK. Boundary conditions for these models were based 
on measured and synthesized flows. 

DWOPER, a one-dimensional dynamic wave model developed by the National 
Weather Service Hydrologic Research Laboratory (Fread 1978), was intended to 
be the sole model of instream hydrodynamics in this study. However, the 
application of DWOPER to Buttermilk Creek resulted in depths and velocities 
which were unreasonable despite the apparently satisfactory resolution of dis
charges (Figure 5.4a,b,c). Highly dynamic flow on steep, shallow streams 
seems to cause the model to underestimate the flow depth (Figure 5.5). This 
results in a prediction of supercritical flow in areas where it was not 
observed. Generally, problems of this nature can be alleviated by increasing 
the Manning roughness coefficient and if necessary, averaging cross-sections 
so that a smoother transition between computational nodes occurs. Although 
these techniques produce palatable results, they also have the effect of 
obscuring the description of the physical phenomena. Since errors in the 
hydrodynmics are passed on and magnified in the subsequent sediment and radio
nuclide modeling, they must be kept to a minimum. Cattaraugus Creek was 
modeled satisfactorily by DWOPER and there was no reason to abandon the model 
due to difficulties in a relatively short stretch of Buttermilk Creek . The 
depth calculation problems in Buttermilk Creek were avoided by applying MUSK, 
a one-dimensional diffusion wave model developed at Colorado State University 
(Ponce 1980), to this section of the hydrodynamic simulation (Figure 5. 6a,b,c). 

Model De~crietions 

DWOPER 

DWOPER was developed for application to large dendritic river systems 
such as the Mississippi-Ohio. However, the model is generally applicable to 
rivers having irregular geometry, variable roughness parameters, and lateral 
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inflows. In addition, it has certain features to be discussed below which 
provide the necessary flexibility for its application to the extreme hydraulic 
conditions found in the Cattaraugus-Buttermilk Creek system. 

As described by Fread (1978), DWOPER uses a finite difference solution to 
the one-dimensional unsteady flow equations consisting of conservation of mass 
and momentum equations, i.e., 

a (A+A ) 
aQ + o _ q = 0 ax (51) 

at 

2 
!Q + a~ q I A2 + gA (~ + S + S ) - qv + W B = 0 
at ax ax f e x f (52) 

in which Q is discharge, A is cross-sectional area, A0 is off-channel cross
sectional area wherein velocity is considered negligible, q is lateral inflow 
or outflow, xis distance along the channel, t is time, g is gravitational 
acceleration, Vx is the velocity of lateral inflow in the x-direction, Wf 
is the wind term, B is the channel top width and Sf is the friction slope 
defined as: 

s =~~~ 
f 2.2 A R 

(53) 

in which n is the Manning roughness coefficient and R is the hydraulic radius. 
The term Se is defined as: 

Kea(Q/A) 2 
5e = 2g ax 

in which Ke is the expansion-contraction coefficient. 

(54) 

Equations (51) and (52) are solved using the weighted four-point finite 
difference scheme originally developed by Preissmann (1961). In the weighted 
four-point scheme, the continuous x-t region in which solutions of h and Q are 
sought is represented by a rectangular net of discrete points. The scheme 
allows the use of equal or unequal intervals of ~x and ~t along the x and t 
axes, respectively. Each point is identified by a subscript (i) which 
designates the x position and a superscript (j) for ti~ position. The time 
derivatives are approximated by: 

(55) 

in which K represents any variable. The spatial derivatives are approximated 
by a finite difference quotient positioned between two adjacent time lines 
according to weighting factors t and 1-e, i.e., 
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aK ( j+l j+l) ( ) ( j j) ax~ e Ki+l- Ki /Ax+ 1-e Ki+l- Ki /Ax 

and variables other than derivatives are approximated in a similar manner, 
i.e., 

K ~ e ( K r l + K ~: i ) I 2 + ( 1-e) ( K ~ + K 1 + l ) I 2 

(56) 

(57) 

Generally, the ability of a model such as OWOPER to reproduce actual flow 
events depends on the amount and quality of data available for the stream 
system under study. These data include: 1) channel geometry, 2) hydraulics, 
3) estimate of channel roughnes, and 4) initial conditions. 

Channel geometry is represented in the model by surface widths as a 
function of stage at computational points corresponding to actual cross 
section locations. From the surface widths, wetted area and conveyance are 
also determined as functions of stage. 

Hydraulic data refers to boundary conditions and observed stages and/or 
discharges. Both upstream an downstream hydrographs are needed on each stream 
for the operation and calibration of OWOPER. For this study, the upstream 
boundaries included the inflow hydrographs for each stream as previously 
discussed. Channel roughness in the model is represented by a single lumped 
parameter, Manning's "n", which accounts for all the processes that contribute 
to the loss of energy or momentum, excluding expansion and contraction losses 
[see Equation (54)]. Initial values for Manning's "n" for the two study 
streams were computed indirectly from Manning's equation based on velocity 
measurements at the upstream boundaries. Initial conditions were computed for 
each computation point using standard step backwater. The use of the computed 
"n" values resulted in super-critical flow conditions at several locations. 
This was corrected by increasing the "n" values, within reasonable limits, 
until the flow became subcritical. 

The use of a variable Ax and the ability to change At and the weighting 
factor e are important in the application of OWOPER to Cattaraugus Creek 
because of the flexibility they provide, when judiciously selected, in con
trolling the model's numerical stability and convergence. In implicit 
schemes, such as that used by DWOPER, the finite difference approximations of 
Equations (51) and (52) converge to the true solutions of the partial dif
ferential equations as Ax and At approach zero (Abbot and Ionescu 1967, 
Leendertse 1967). In this sense, convergence is the measure of the error in 
the numerical scheme due to improper discretization. Stability refers to the 
ability of a numerical scheme to limit error growth due to round-off. The 
only necessary condition for stability of implicit schemes is that the 
weighting factor e be greater than 0.5. Therefore, for a give value of e, a 
decrease in the values of Ax and At increases the accuracy of the model. On 
the other hand, as e approaches 1.0, the model becomes stable and less 
convergent, increasing numerical distortion. 
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Certain channel and hydrograph characteristics can also have an effect on 
the level of numerical distortion present in the model. Fread (1973) demon
strated that numerical distortion increases with increasing channel length, 
roughness factor and channel slope or with decreasing initial depth of flow. 
Also, as the time to peak of the upstream boundary hydrograph decreases, the 
numerical distortion increases. From this it can be seen that the usual prob
lems encountered in building and running mathematical models are magnified 
considerably in the face of conditions similar to those in the Cattaraugus 
Creek system. 

MUSK 

MUSK is a simplified flood routing model of the diffusion wave class. In 
general, it can be applied in steep channels where no downstream controls 
exist. Unlike DWOPER, MUSK is designed for use on a single primary stream 
with lateral inflow introduced along the streamlength. Irregular geometries 
and spatially varying roughness coefficients are normal model input data for 
MUSK. 

The MUSK formulation is based on a manipulated form of the one-dimensional 
unsteady flow equations. In place of the conservation of momentum equation 
[Equation (52)], a single-valued resistance equation, i.e., Manning, is substi
tuted. This is known as the kinematic wave approximation. Using this approxi
mation, the one-dimensional convection equation can be derived from the mass 
conservaton equation. 

where c = celerity 
Q = discharge 

(58) 

A finite difference representation of this equation with weighting 
dimension yields the following equation 

in the time 

_!_ ! ~ j+l - j) + 
CAt 

9 \Qi Qi . 

+ _1_ j r Q~+l _ Qr1) + 
2AX \ 1+1 1 

An explicit solution scheme is used in MUSK to solve for Q across the x-t 
domain. 

(59) 

The convection equation is inherently nondiffusive, meaning that a flood 
wave shape is routed downstream without attenuation. This is precisely the 
behavior of a kinematic wave, the assumption used in the MUSK formulation. 
However, an analysis of the higher order error terms of the finite difference 
analogs discloses that numerical deviations in the flood wave will occur. The 

. actual deviation is a function of Ax, At, c, and 9. It can be shown that if 
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the diffusion wave approximation is used in place of the conservation of momen
tum equation, i.e., inertia terms are neglected, the one-dimensional convec
tion-diffusion equation can be derived from the unsteady flow equation set 

( 60) 

By matching the truncation error of the convection equation finite difference 
scheme to the physical diffusion found in the convection-diffusion equation, 
the weighting value a can be calculated to produce a physically-based diffu
sion. Thus, although the MUSK formulation is based on a unique stage-discharge 
relationship, the flood wave attenuation computed by MUSK does not reflect a 
single-valued rating curve. The behavior described by MUSK is similar to the 
less simplified parabolic partial differential equation which describes the 
diffusion wave. Since this is the case, flow depths are calculated by using 
continuity rather than the resistance equation. 

Nonuniform 6X and a constant 6t are user supplied in MUSK while the 
weighting factor, e, is computed by the model. Because MUSK solves an initial 
value problem rather than a boundary value problem, a .. marching .. solution 
which propagates downstream is used. This precludes any backwater effects 
from being resolved by the model. 

The data requirements by MUSK are very similar to those of DWOPER. The 
largest difference occurs in the hydraulic data. MUSK needs discharge hydro
graphs only at the upstream and lateral inflow boundary conditions. Because 
it solves an initial value problem, internal and downstream boundary conditions 
are not necessary. MUSK also uses the Manning roughness coefficient in its 
formulation; however, in this case energy losses from channel expansion and 
contraction are lumped into this parameter. The Manning resistance coefficient 
in MUSK is location dependent. 

MUSK has been shown to be unconditionally stable and convergent for the 
types of problems where it is applicable. 

MODEL APPLICATIONS 

The MUSK simulation used 13 nodes to represent the 2.5 miles of Buttermilk 
Creek at the beginning of the study reach (Figure 5.7). The smallest distance 
between nodes was 0.20 miles while the longest interval was 0.26 miles. The 
upstream boundary condition was the hydrograph calculated at the beginning of 
the simulation reach. Lateral inflow from Franks Creek was brought in as a 
hydrograph at the second node. 

The DWOPER simulation of Cattaraugus Creek was divided into two separate 
simulations: 12 nodes (4.8 miles) above Springville Dam and 21 nodes below. 
The upstream boundary condition hydrograph for the upper Cattaraugus Creek 
simulation was located 2.3 miles above the Buttermilk Creek confluence and 
based on data collected at Bigelow Bridge. The downstream boundary condition 
was a single-valued rating curve at Springville Dam (Figure 5.7). The longest 
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interval between nodes on the upper simulation was 0.63 miles while the 
shortest interval was 0.15 miles. Major tributaries on this simulation reach 
were Spring Brook and Buttermilk Creek. The discharge hydrograph calculated 
by MUSK at the end of the Buttermilk Creek was used by DWOPER as the lateral 
inflow boundary condition to Cattaraugus Creek. 

The DWOPER simulation below the dam use a calculated hydrograph as the 
upstream boundary condition and observed stage hydrographs at Lake Erie as the 
downstream boundary condition (Figure 5.8). The longest interval between nodes 
on the lower Cattaraugus Creek simulation was 3.6 miles while the shortest 
interval was 0.25 miles. Below Springville Dam, four major tribuaries enter 
Cattaraugus Creek: Spooner, Connoisarauley, South Branch Cattaraugus, and 
Clear Creeks. These tributaries are treated as lateral inflow boundary condi
tions requiring discharge hydrographs. 

In this study, Snyder's method of hydrograph synthesis was used in con
junction with rainfall information and the SCS (Soil Conservation Service) 
curve number method for runoff calculation (Viessman et al. 1977). Where 
boundary conditions were not sufficiently monitored in the field, synthetic 
unit hydrographs based upon watershed characteristics were computed for 
individual sub-basins. Rainfall data from NOAA were used to reconstruct 
precipitation events and determine magnitudes for the individual hydrographs. 
Runoff reaching the boundary condition site was calculated using the SCS curve 
number method ~nd superposed upon the estimated baseflows. 

HydrodJ[nami~ Model~~Results 

In the context of the three phases of sampling, the Phase 3 hydrodynamic 
were moderate in discharge and unsteadiness. Phase 3 was selected for the 
first modeling effort because boundary conditions and calibration data were 
available from the field investigation. During Phase 3, all upstream boundary 
conditions and most major tributaries were gaged for discharge. Hydrograph 
synthesis was required only at South Branch Cattaraugus Creek which is down
stream of the area of primary interest. Calibration of Manning resistance 
cofficients for the Phase 3 hydrodynamic modeling was available at Frye Bridge 
(Creek Mile 32.7) and Gowanda Bridge (Creek Mile 16.4). Results of the Phase 3 
hydrodynamic modeling are compared with measured values at Gowanda in 
Figure 5.9. The Phase 3 hydrodynamic modeling began at 8:00a.m. April 27, 
1979 and ended at 8:00 a.m. April 29, 1979. Of the three phases, the Phase 3 
hydrodynamics were moderate, as a 48 hr flood wave with a peak discharge of 
920 cfs traveled downstream. The modeled discharges are in excellent 
agreement with the Gowanda stream data. 

Phase 2 discharges were the lowest and least dynamic of the three phases. 
Synthetic inflows were generated for South Branch Cattaraugus, Connoisarauley 
and Clear Creeks in addit~on to the Cattaraugus Creek upstream boundary condi
tion at Bigelow Bridge. Measured baseflows were used in Franks and Buttermilk 
Creek while a 0.4 cfs/sq. mi. runoff distribution was used to determine other 
lateral inflows. The average basin rainfall during the Phase 2 simulation 
period was 2.28 in. of which 0.14 in. were calculated to become runoff. For 
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the most part, Manning resistance coefficients calibrated in the Phase 3 hydro
dynamic simulation were used in the Phase 2 simulation although coefficients 
in the steeper sections of lower Cattaraugus Creek were increased in some 
cases. Figure 5.10 is a comparison of computed and measured discharges at 
Gowanda. 

Phase 2 radionuclide sampling began at 8:00 a.m. September 20, 1978 and 
ended at 12:00 noon September 24, 1978. Since the radionuclide sampling began 
on the falling limb of a flood hydrograph, it was necessary to begin the hydro
dynamic modeling 74 hr earlier to simulate the entire flood wave. Only the 
last 30 hr of the flood wave are included in the radionuclide modeling as the 
stream returned to baseflow for the concluding 70 hr of simulation. The com
puted flood wave is a few hours out of phase with the measured wave; however, 
the representation of the hydrodynamics during the period of radionuclide simu
lation is good. 

Phase 1 hydrodynamics were the most unsteady and had the highest dis
charges of the three phases of data collection. Flow measurements in this 
phase were not sufficient to provide the necessary boundary conditions for the 
hydrodynamic modeling. Thus, all boundary conditions were computed. Hydro
graph synthesis was performed at the Cattaraugus and Buttermilk Creeks upstream 
boundary condition sites in addition to four major tributaries: Spring Brook, 
Spooner, South Branch Cattaraugus, and Clear Creeks. The remaining lateral 
inflows were determined on a basin square mile basis. Unfortunately, the 
U.S.G.S. streamgaging station at Gowanda was not operating during the Phase 1 
simulation period and accurate calibration information was unavailable. The 
uncalibrated model resuts at Gowanda appear in Figure 5.11. 

The Phase 1 hydrodynamic modeling began at 1:00 a.m. November 29, 1977 in 
Buttermilk Creek and at 3:00a.m. November 30, 1977 in Cattaraugus Creek. The 
additional modeling period in Buttermilk Creek was needed to resolve a complete 
flood wave. The Cattaraugus Creek simulation ended at 3:00 a.m. December 5, 
1977. The baseflow in Buttermilk Creek was used to fill out the aditional 
simulation time required by the Cattaraugus Creek modeling. The modeling 
results reveal two distinct flood waves occurring during the simulation period 
with peak discharges exceeding 3000 cfs. 
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5.4 SEDIMENT AND RADIONUCLIDE SIMULATION 

This section describes data input to SERATRA and the SERATRA simulation 
results. Essentially, the Cattaraugus Creek watershed sampling program pro
vl·ded the_data set which enabled SERATRA to be applied to four radionuclides 
( 37cs, 90sr, 239,240pu and 3H) in the course of three flow events. 

The three flow events which are the basis for this study are very 
different with respect to hydrodynamic characteristics. Of the three phases, 
Phase 1 hydrodynamics are the most unsteady with the highest discharges 
occurring during this study period. Unfortunately, time-dependent sediment 
and radionuclide concentrations were not measured during the Phase 1 field 
program. Thus, the boundary conditions of a very unsteady flow event are 
characterized by constant sediment and radionuclide concentrations. The 
Phase 2 flows were the lowest and steadiest of the three phases. However, as 
in Phase 1, a single field sampling at each data collection site was relied 
upon to represent the entire simulation period. Phase 3 hydrodynamics were 
relatively moderate in discharge magnitude and dynamics. The most extensive 
data collection effort took place during the Phase 3 field sampling program. 
In Phase 3, ti~dependent sampling was instituted at various data collection 
sites. The additional data generated provided SERATRA with time- varying 
sediment and radionuclide boundary conditions. 

5.4.1 Input Data Description 

The SERATRA input data stream is comprised of information which fall into 
six categories: 

1. Numerical Model Parameters 
2. Channel Geometry 
3. Flow and Fluid Characteristics 
4. Sediment Characteristics 
5. Radiochemical Parameters 
6. Initial Conditions 
7. Boundary Conditions 

In the Cattaraugus/Buttermilk Creek modeling study, the radionuclide initial 
and boundary conditions are unique for each of ten applications of SERATRA. 
However, the remainder of the input parameters are, for the most part, not 
specific to any of the three flow events being studied. 

Numerical Model Parameters 

The numerical model parameters required by SERATRA are the : 

1. number of segments 
2. number of timesteps 
3. segment length 
4. timestep size 
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5. water column standard element thickness 
6. standard channel bed layer thickness 
7. number of initial layers in the channel bed. 

Basically, the segments and timesteps used in the hydrodynamic modeling of 
Cattaraugus and Buttermilk Creeks were preserved in the sediment-radionuclide 
transport simulations. Although segment lengths vary along the study raeach, 
the same channel representation is used for each of the three flow events. 
Channel bed parameters, i.e., the number of initial bed layers and the bed 
layer thickness were assigned to be initially constant in this study, 
regardless of location or flow event. 

Channel Geometry 

At each computational segment, SERATRA requires: 

1. segment elevation, and 
2. depth-surface area data pairs. 

The modeling effort divided the 41.5 mile simulation reach into 34 compu
tational segments. Some of the cross-sections used in the modeling effort 
were modified/averaged from the original surveys. This is because of model 
requirements and the existence of more field-surveyed cross-sections than model 
cross-sections. SERATRA represents channel geometry as depth-width data pairs, 
i.e., at a given elevation a certain width is associated. This precludes the 
accurate description of complex or braided channels. For such geometry, an 
optimized representation of the channel must be developed. Where field infor
mation is plentiful, the geometry for a particular cross-section might be the 
result of averaging two or more field-surveyed cross-sections. In this study, 
each cross-section at a given location is uniquely characterized but unchanged 
for all three phases. The channel geometry is taken from the hydrodynamic 
modeling study performed prior to the execution of the SERATRA code. 

Flow and Fluid Characteristic ..... 

1. the number of water columns based on the flow depth obtained by 
hydrodynamic models 

2. flow discharges obtained by hydrodynamic models 

3. water temperature. 

Sediment Characteristics 

The sediment characteristics input to SERATRA are: 

1. particle diameter 
2. particle density 
3. settling velocity 
4. critical shear stress for deposition of cohesive sediment 
5. critical shear stress for resuspension of cohesive sediment 
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6. erodability of cohesive sediment, and 
7. vertical diffusion coefficient. 

In the present application of SERATRA, three particle sizes representing the 
sand, silt and clay sediment fractions are routed. The selection of the 
specific size range for each of the three classifications was based on the 
field measurements in Cattaraugus and Buttermilk Creeks. 

The sand fraction can be routed by either the Tofaletti or Colby sediment 
transport method. The Tofaletti method was used in this study. Silt and clay 
are treated as cohesive soils whose erosion and deposition rates were estimated 
by Partheniades (1962) and Krone's Formulas (1962). In the Buttermilk and 
Cattaraugus Creeks field sampling program, it was not possible to determine 
the three cohesive sediment parameters (resuspension critical shear stress, 
deposition critical shear stress, and erodability) required by the SERATRA 
input stream for the silt and clay size fractions. Therefore, a set of 
calibration runs were performed prior to the application of the model. The 
Phase 3 event was chosen for the calibration runs because of the extensive 
data that was available. To avoid "curve-fitting" the simulation results to 
the field values, the cohesive sediment transport parameters calibrated with 
the Phase 3 data were used without recalibration in the Phase 1 and Phase 2 
simulations. This is possible because these parameters are theoretically 
event-independent. The sediment transport parameters are summarized in 
Table 5.2. 

TABLE 5.2. Sediment Characteristics 

Diameter, m 

Density, kg/m3 

Porosity 

Vertical DiffusiQn 
Coefficient, m2/s 

Erodability kg/m2/s 

Critical Scour Shear 
Stress kg/m2 

Critical Deposition 
Shear Stress 
kg/m2 

n.a. = not applicable 

Sand 

3.0 X 1Q-4 

2650.0 

0.5 

0.03 

n. a. 

n. a. 

n. a. 

5.24 

Silt 

1. 72 X 1Q-5 

2650.0 

0.5 

0.03 

1.87 X 1Q-5 

0.9 

0.05 

Cla~ 

2.0 X 10-6 

2650.0 

0.5 

0.03 

1.87 X 1Q-5 

2.0 

0.01 



A reasonable radionuclide modeling requires boundary conditions, distribu
tion coefficients, and verification data to be adequately defined. Of the 
30 radionuclides which were detected in the field samples, only four radio
nuclides generated sufficient information for a reasonable modeling study: 
137cs, 90sr, 239,240Pu, and 3H. Except for the Phase 1 simulation where only 
137cs and 3H were modeled, these four radionuclides were simulated in the 
Phase 2 and Phase 3 events. Fortunately, these four radionuclides display a 
wide range of behavior with which SERATR~ can be tested. Half lives vary from 
12 to 7000 yr while distribution coefficients, i.e., Kds, range over two 
orders of magnitude. 

SERATRA is unique in its treatment of the adsorption/desorption 
phenomenon. Not only does the model simulate the time-dependent exchange of 
radionuclide between the dissolved and sorbed forms, but the adsorption and 
desorption processes are treated as distinctly different mechanisms requiring 
separate Kd values. The adsorption Kd values used in this study are from 
laboratory measurements of samples taken from the Cattaraugus and Buttermilk 
Creeks. However, the desorption Kds were not measured in the field. 

Radiochemical Parameters 

The radiochemical parameters used in this modeling study are the: 

1. adsorption distribution coeficient 
2. desorption distribution coeficient 
3. adsorption transfer rate 
4. desorption transfer rate, and 
5. radionuclide decay rate. 

The adsorption/desorption parameters were determined through laboratory 
radionuclide analyses of bulk water-sediment samples in Cattaraugus Creek. 
Where data were insufficient, desorption parameters were calculated using 
adsorption/desorption ratios from other studies (Schell et al. 1980). 
Specific distribution coefficients for each sediment size fraction were 
created by apportioning the bulk values such that a weighted average of the 
distribution coefficients would equal the laboratory value. Radionuclide 
decay rates were based on published physical data. The radiochemical 
parameters used in this study were unique to the radionuclide being modeled 
but were kept independent of the flow event being simulated. 

Distribution coefficients for adsorption and desorption measured at other 
freshwater sites (Table 5.3) were used to estimate the desorption Kds in 
this study. For each radionuclide modeled by SERATRA, an average ratio of 
desorption Kd was determined from data published in previous studies. This 
ratio was then applied to the adsorption distribution coefficient measured in 
Cattaraugus Creek to create the necessary model input (Schell et al. 1980). 
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TABLE 5.3. Adsorption and Desorption Distribution Coefficients (m3/kg) 

137cs 85sr 237Pu 
Adsorption Desorption Adsorption Desorption Adsorption Desorption 

Lake 0.509 5. 57 0.0822 1.41 141 479 
Michigan 

Lake n. a. n. a. n. a. n. a. 120 300 
Washington 

Clinch 1.36 n. a. 0.124 0.46 47.1 154 
River 

Hudson 0.401 3.65 0.0737 0.49 9.3 360 
River 

Cattaraugus 0.600 n. a. 0.0623 n. a. 20.9 n. a. 
Creek 

n.a. = not available. 

The adsorption-desorption process is also a function of sediment size 
with finer sediment exhibiting a stronger affinity for dissolved radionuclides. 
SERATRA accounts for this variation by allowing each sediment size fraction to 
be treated with a separate Kd value. Since the distribution coefficients 
measured by the University of Washington were not differentiated by sediment 
size, an approximate partitioning was employed. It was assumed that a 1:5:10 
ratio for sand, silt, and clay distribution coefficients was appropriate. The 
actual value of each Kd value was computed such that a weighted average based 
on sediment fractions yielded the bulk value measured in the laboratory, i.e., 

where 

(Kd)silt = 5 • (Kd)sand 

(Kd)clay = 10 • (Kd)sand· 

Radionuclide input data provided to SERATRA are shown in Table 5.4. 
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TABLE 5.4. Radionuclide Data Input to SERATRA 

Adsoq~tion 
Kd kd3 ). -1 K<J 

s Sand m3/kg Silt m3tkg Cla~ m /kg 

137cs 7.27 X 10-10 0.1 0.5 1.0 
90Sr 7.82 X 10-10 0.01 0.05 0.10 
239, 240Pu 3.34 X 10-12 3.5 17.0 35.0 
3H 1. 79 X 10-9 0.0 0.0 0.0 

Desore,t ion 
Kd Kd ). -1 Kd 

s Sand m3tkg Silt m3/kg Cla~ m3/kg 

137Cs 7.27 X 10-10 1.0 5.0 10.0 
90sr 7.82 X 10-10 0.1 0.5 1.0 
239, 240Pu 3.34 X 10-12 35. 170. 350. 
3H 1. 79 X 10-9 0.0 0.0 0.0 

Initial Conditions 

SERATRA requires the following initial conditions to be specified at each 
segment: 

1. bed sediment size fractions 
2. bed radionuclide activity 
3. suspended sediment size fractions and concentrations 
4. suspended radionuclide activity, and 
5. dissolved radionuclide activity. 

Except for the dissolved radionuclide activity, the initial conditions are 
defined for each of the three sediment size fractions being modeled. The 
initial bed conditions for sediment and radionuclide are based on the field 
sampled values while the water column initial conditions are specified to 
match boundary conditions at the beginning of the SERATRA simulation. 

~u~darl Co~ditions 

The boundary conditions in SERATRA represent time-varying loadings 
external to the study reach and include: 

1. suspended sediments concentrations 
2. particulate radionuclides, and 
3. dissolved radionuclides. 
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Other than the dissolved radionuclides, boundary conditions are specified for 
each sediment size fraction. Two types of boundary conditions are possible in 
SERATRA: upstream and lateral inflow. The time-varying boundary conditions 
in this modeling study were generated by fitting a curve through field-sampled 
values which were taken over a period of time. If time varying data was 
sparse, an average value was used. 

5.4.2 Sedime~t Tr~seort_~imul~tion Resl!lts 

In general, the sediment transport modeling describes a silt-dominated 
suspended sediment load washing through the creek system. The three flow 
events modeled are accompanied by relatively high suspended sediment concentra
tions due in part to the erosion of the channel bed in the study reach. Very 
little of the fine-grained sediments (silt and clay) are deposited on the 
channel bottom as the flow carries these particles into Lake Erie. On the 
other hand, sand displays a net deposition as it passes through the 
Cattaraugus Creek system. The deposited sediments occur almost exclusively in 
the Lake Erie and Springville Dam backwaters. Except for these backwater 
areas, the general tendency is for bed scouring. This scouring of the smaller 
bed sediment particles leaves a protective surface layer of larger particles 
which prevents further erosion of the finer sediment. This phenomenon is 
called bed armoring and was predicted to occur especially during the Phase 1 
flow event. The comparison of computed and measured sediment concentrations 
are shown in this section as well as in Appendix A. 

Phase 3 

From a modeling standpoint, the Phase 3 simul ation by SERATRA was well
defined. Time-dependent sampling of water, sediment, and radionuclides at the 
boundary conditions and verification sites provided a data set which required 
minimal data generation. Calibration was necessary only for the cohesive 
sediment transport submodel. All other parameters, including those used in 
the radionuclide transport submodel were fully specified, thus, no calibration 
was performed in these cases. 

Throughout the simulation silt is a dominant size fraction in the water 
column accounting for about 85% of the total suspended sediments. Clay 
accounted for the bulk of the remaining 15% as sand occurred in relatively 
small concentrations. 

The Phase 3 sediment and radionuclide simulation period begins at 
8:00 a.m. April 26, 1979 and ends at 8:00 a.m. on April 29, 1979. A summary 
of the observed and predicted Phase 3 sediment concentrations is found in 
Tab 1 e 5. 5. 

Results from the Phase 3 sediment transport modeling showed a sediment 
cloud propagating downstream with the 40 hour flood wave. The 'spike' of high 
discharge in Buttermilk Creek was not reflected in the predicted suspended 
sediment concentrations, in fact there was a sl ight decrease in clay concentra
tions as the spike passed through Buttermilk Creek (Figure 5.12). Although 

5.28 



TABLE 5.5. Phase 3 Observed and Computed Sediment Concentrations 

Phase 3 Sediment Co 
ocat10n 

BC-3 
Sand 4.46 1.2 
Silt 89.01 42.5 
Clay 17.82 8.9 

BC-4/1 
Sand 0.22 0.3 
Silt 15.81 13.1 
Clay 4.56 2.0 

BC-4/2 
Sand 1.03 1.5 
Silt 90.10 62.3 
Clay 23.07 7.2 

BC-4/3 
Sand 0.26 0.4 
Silt 18.27 11.1 
Clay 5.27 2.7 

CC-3 
Sand 1.06 0.4 
s i 1 t 16.31 11.8 
Clay 3. 74 2.1 

CC-5/l 
Sand 0. 35 0.3 
Silt 19.99 12.0 
Clay 4.96 2.9 

CC-5/2 
Sand 1.98 0.5 
Silt 52.54 34.0 
Clay 9.47 6.3 

CC-5/3 
Sand 2.18 0.5 
Silt 22.68 30.3 
Clay 2.84 5.8 

CC-6/1 
Sand 0.18 0.5 
Si 1t 15. 76 36.9 
Clay 4.66 3.3 
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TABLE 5.5. (contd) 

Phase 3 Sediment 
ocat1on 

CC-6/2 
Sand 2.84 0.5 
Silt 39.36 53.4 
Clay 5.00 5.3 

CC-6/3 
Sand 2.42 0.6 
Silt 27.88 46.2 
Clay 5.91 6.9 

CC-9 
Sand 2.25 0.5 
Silt 15.12 65.7 
Clay 2.92 4.3 

CC-11 
Sand 5.33 0.1 
Silt 19.22 85.7 
Clay 2.65 5.6 

the total mass of suspended sediment increased as the spike passed through, 
dilution by the sudden increase of water volume offset any increases in 
sediment concentration. 

The results of the Phase 3 sediment calibration efforts with SERATRA are 
in general agreement with measured data. At BC-3, computed silt concentrations 
are the highest of the three sediment constituents, with clay and sand concen
trations considerably below the silt levels. Unlike the sudden high discharges 
found in Phase 1, a Sediment wave gradually changing over 40 hours of simula
tion characterizes the plots of sediment concentrations. A comparison with 
the field sampled concentrations at hour 27.5, show predicted concentrations 
to be 50% lower. 

Three field samplings were taken at BC-4 at 3.4, and 36, and 64.5 hr. 
The gross phenomenon indicated by the field data is a sediment concentrat ion 
peak occurring near the time of the 37-hour sample. Computed concentrations 
are in agreement with this trend and compare favorably with the field values 
(Figure 5.12), especially at the 3.5 and 64.5 hr marks. The predicted sedi
ment concentrations, except for sand, are below the sampled concentrations. 
As the sediment from Buttermilk Creek enters Cattaraugus Creek, suspended sedi
ment concentrations are reduced by a factor of two (Figure 5.13). A more 
diffuse sediment wave of a 55 hr duration occurs in this section of Cattaraugus 
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Creek than in Buttermilk Creek. In this case however, the effect of the 
Buttermilk Creek discharge is visible. This is due to the sudden increase of 
sediment mass entering Cattaraugus Creek with the discharge spike. 

At CC-3 (Figure 5.13), downstream of the Buttermilk confluence, the 
predicted sediment wave is broader at the base than that seen on Buttermilk 
Creek. The "spike" of the Phase 3 hydrodynamics is visible on the sediment 
wave at CC-3 because the concentrations in Buttermilk Creek are higher than 
those found in Cattaraugus Creek. Predicted concentrations closely 
approximate the measured values at 25 hr and are consistently lower. 

The field data at CC-5 are samplings at 9, 33, and 59 hr. These data 
indicate a sediment peak around the 33-hr mark of the event. The modeled peak 
occurs at 37 hr (Figure 5.14). At 9 and 33 hr, predicted concentrations are 
consistently 35% below the field concentrations. At 59 hr, predicted silt and 
clay concentrations are higher than the measured values while the predicted 
sand is lower than the field concentration. 

Downstream of Springville Dam, the wave of predicted sediment becomes more 
diffuse, taking up the entire simulation period. Although peak sediment con
centrations follow the trend of the flood wave, the transported sediment dis
plays the effects of bed scouring and subsequent armoring. Elevated levels of 
silt concentrations in the first 20 hr of the simulation are the result of bed 
material suspended by scour. After 50 hr of simulation, the drop in the silt 
concentration is attributable to the armoring of the silt in the bed by the 
heavier sand fraction. Clay and sand suspended fractions are not strongly 
affected by the scouring mechanism and remain in low concentrations with less 
dynamic effects. 

At CC-6 (Figure 5.15) and subsequent segments, the computed silt fraction 
of the suspended sediment is increasing due to scour. The trend exhibited by 
the three field samples is in general preserved quite well by the simulation. 
Clay and sand concentrations computed by SERATRA are within 0.002 kg/m3 of 
the measured concentrations. Predicted silt concentrations are consistently 
about 0.015 kg/m3 higher than the field silt values. 

Data Stations CC-9 and CC-11 have very similar results. The sharp wave 
outline has dissipated, leaving a gentle increase in concentration at hour-50 
of the simulation. While the sand and clay concentrations predicted by SERATRA 
match quite well with sampled data, the silt concentration is about four times 
higher than the field value. The elevated silt concentrations produced by the 
model is a result of silt scoured off the channel bottom. 

Figure 5.16 is the predicted longitudinal distribution of the total 
suspended sediment concentration at the end of the 72 hour simulation period. 
The first four data points represent the modeled concentrations at sites BC-3, 
BC-4, CC-3, and CC-5. The temporal concentration distributions at these loca
tions indicate these concentrations are at levels near those which existed 
prior to the flood event. The steady increase in concentration from CC-3 
through CC-11 is the spatial description of the falling limb of the sediment 
wave. 
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In Phase 3, deposition was predicted to occur only at Springville Dam 
(segment 14) and at the mouth of Cattaraugus Creek at Lake Erie (segment 34). 
These are the two backwater areas on this creek system. Scour was predicted 
in almost all the other modeled segments. Figure 5.17 is a bar graph of the 
predicted deposition and scour occurring as a function of distance. The areas 
of the bars reflects the total mass of sediment scoured or deposited. Large 
depositions of sand at the Springville Dam and Lake Erie backwaters offset the 
sand scoured in the other segments. In ~hase 3 the net sand deposited 
amounted to 3400 kg. As Figure 5.17 indicates, the largest volumes of scoured 
bed material occurred below Springville Dam. Ninety-eight percent of the 
scoured material was silt amounting to 410,000 kg while scoured clay amounted 
to 7500 kg. The most intensive erosion took place just below Springville 
Dam. 

A summary of the observed and predicted suspended sediment concentrations 
is found in Table 5.5. Additional plots of sediment concentration at the data 
collection stations are in Appendix A. Comparison of these values revealed 
that SERATRA reproduced reasonably well a dynamic pattern of sediment transport 
and that most predictions were within 50% of the measured data. Considering 
the complexity of the stream system and the accuracy of the field data, SERATRA 
was judged reasonably capable of simulating a dynamic sediment transport 
process. 

Phase 2 

Other than the calibration of the cohesive sediment parameters in Phase 3, 
no other calibration was performed in this study. In Phase 2 and Phase 1, 
only a single sample was taken at each data station along the study reach. 
Thus, no time-dependent sediment or radionuclide information was available. 
The assumption of constant influence concentrations throughout the flow event 
was made with the full knowledge that some inaccuracy might result. 

The Phase 2 sediment and radionuclide simulation period began at 8:00 a.m. 
on September 20, 1978 and ended at 12:00 non on September 24, 1978. A summary 
of the observed and predicted suspended sediment concentrations is found in 
Table 5.6. 

The modeled flow event begins on the falling limb of a flood wave after 
which a steady discharge occurs. The effect of the flood wave is significant 
downstream of the dam. Upstream of the dam, suspended sediment concentrations 
are virtually constant with silt comprising about 75% of the suspended 
material while clay accounts for the bulk of the remaining 25%. 
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TABLE 5.6. Phase 2 Observed and Computed Sediment Concentrations 

Phase arison 
Location 
BC-4 

Sand 0.42 1.1 
silt 45.65 45.7 
Clay 13.55 14.7 

CC-3 
Sand 0.105/0.15/0.21 0.6 
Silt 7.15/8.37/15.90 19.3 
Clay 2.42/2.40/2.19 5.4 

CC-5 
Sand 0.01/0.01/0.01 0.1 
Silt 20.61/15.10/11.45 18.1 
Clay 2.48/2.14/1.17 5.2 

CC-9 
Sand 0. 57 0.1 
silt 20.16 10.5 
lay 6.86 3.0 

CC-11 
Sand 0.02 0.0 
Silt 3.49 20.4 
Clay 0.83 2.5 

At BC-4 (Figure 5.18), the steady Buttermilk Creek discharge is reflected 
in unchanging sediment concentrations. Silt is the largest constituent wi th 
clay and sand sediment accounting for one-fourth of the total suspended sedi
ment. In comparison with field samples, the predicted concentrations are in 
excellent agreement. 1 

As sediment enters Cattaraugus Creek from Buttermilk Creek, sediment con
centrations are reduced by a factor of three. In Cattaraugus Creek Station 
CC-3, the predicted concentrations are in general 100% higher than the measured 
values. At CC-5, good correlation for sand and silt fractions with field data 
is seen in Figure 5.19. Through CC-5, the concentrations computed by SERATRA 
were steady. Downstream of Springville Dam, the high discharges from the 
flood wave are accompanied by high sediment concentrations. The increased 
suspended sediment load is due to the scour of the channel bed primarily below 
the dam. 
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Figure 5.20 is the plot of sediment concentrations at CC-9. Obviously, 
the dynamics displayed in CC-9 are due to scouring and eventual armoring of 
the stream bed downstream of Springville Dam. In this case, predicted concen
trations for all constituents are about 50% of the field data. Station CC-11 
has a very smooth silt sediment wave that is quite different in character from 
CC-9. The difference between the CC-9 and CC-11 sediment plots is due pri
marily to the fact that segments beyond CC-9 are influenced by the recession 
limb of the hydrograph. These higher discharges are sufficient to resuspend 
sand and silt from the channel bed. However, on approach to the mouth of 
Cattaragus Creek at Lake Erie the sand deposits out. 

The longitudinal distribution of suspended sediment concentrations in 
Phase 2 (Figure 5.21} is a good assessment of the equilibrium conditions that 
one might find on Cattaraugus and Buttermilk Creeks during normal flow. This 
spatial distribution is at the end of the 100 hour simulation. Only CC-11 at 
the mouth of Lake Erie has not reverted completely to the base concentration 
levels. The highest concentration occurs in Buttermilk Creek and is diluted 
2.5 times when it mixes with Cattaraugus Creek. Sediment concentrations 
decrease slightly as Lake Erie is approached. 

Bed armoring of silt was predicted just downstream of Springville Dam 
(Creek Mile 35.5). and 15 miles upstream from Lake Erie. The scoured bed 
material is practically all silt, the bulk of which comes from an 18 mile 
stretch of creek above the Lake Erie backwater (Figure 5.22). The net amount 
of silt scoured from the channel bed under study was 70,000 kg. The scoured 
clay amounted to 280 kg. These values are roughly one order of magnitude 
below the Phase 3 scoured sediment. The largest amount of material scoured in 
one segment occurred at segment 33, 2.8 miles from Lake Erie. 

Deposition is predicted in three locations: 0.5 miles upstream of 
Springville Dam, at Springvi l le Dam, and at Lake Erie. By far, the greatest 
deposition of sediment occurs at the Lake Erie backwater. As the suspended 
sand fraction passes through the study reach, a net deposition of 1000 kg 
occur. 

Phase 1 

The Phase 1 sediment and radionuclide simulation period begins at 
3:00 a.m. on November 30, 1977 and ends at 3:00 a.m. on December 5, 1977. A 
summary of the observed and predicted suspended sediment concentration is 
found in Table 5.7. 

The Phase 1 hydrodynamics were the most unsteady of the three phases. In 
Buttermilk Creek there were three discharge peaks predicted in the 120 hr 
SERATRA simulation period. The suspended sediment concentrations tend to 
follow the trend of the discharge, i.e., increased concentrations at high 
flows. Two trains of double peaked sediment waves occur in Phase 1. 
Buttermilk suspended silt accounts for 90% of the sediment in the water column 
while clay makes up the bulk of the remaining 10%. 
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TABLE 5.7. Phase 1 Observed and Computed Sediment Concentrations 

Phase 
ocat1on 

BC-2 
Sand 104.9/51.9 7.9 
Silt 445.2/358.5 398.3 
Clay 19.4/160.2 43.1 

BC-3 
Sand 3.1/10.3 7.8 
Silt 110.9/40.3 409.4 
Clay 11.0/3.4 43.8 

BC-4 
Sand 2.0/0.7 7.4 
Silt 43.2/29.0 413.2 
Clay 4.9/5.3 44.5 

CC-3 
Sand 5.7/0.7/0.9 3.6 
Silt 59.4/38.4/39.5 107.5 
Clay 2 . 8/41. 9/43 . 6 8.5 

CC-5 
Sand 0.6/0.6 0.8 
Silt 71.3/95.3 84.7 
Clay 7.1/9.2 6.9 

CC-9 
Sand 7.2 1.8 
Silt 600.7 44.3 
Clay 4.1 2.8 

CC-11 
Sand 4.0/7.2 1.6 
Si 1t 79.2/62.2 46.7 
Clay 1.8/3.7 3.9 

At BC-2 (Figure 23}, the comparison of the f ield sample taken at 31.5 hr 
with SERATRA predicted values indicates excellent agreement. The silt field 
value is perfectly correlated with the predicted silt concentration. The 
predicted sand and clay concentrations both lie below the field values. The 
character of the various sediment graphs is one of small perturbations about a 
base value. 

At BC-3, the sediment transport behavior is almost identical to that seen 
at Station BC-2. However, in this case only the predicted sand value is close 
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to the field sand concentration as the field-sampled concentrations exhibit a 
large deviation from the BC-2 values. Computed silt and clay are four to five 
times larger than the measured counterparts. 

The discrepancy between computed and sampled results is even larger at 
BC-4 where the silt concentration measured in the field is even below the clay 
concentration predicted by the model. 

As the Buttermilk Creek sediment is transported into Cattaraugus Creek 
above Springville Dam, all sediment concentration peaks are preserved with the 
65 hr peak exhibiting amplification due to a matchup with sediment coming from 
Upper Cattaraugus Creek. Dilution of sediment concentrations from Buttermilk 
Creek to Cattaraugus Creek are by a factor of 5. 

At CC-3 (Figure 5.24), the peak concentration occurs at 66 hr according 
to the model. Other peaks are comparatively insignificant and gently dispers
ing into the base concentrations. At 80 hr, the computed concentrations match 
quite closely to the sampled data. 

At CC-5, very little of the character of the sediment curves has changed 
from CC-3. Agreement with field data is excellent. 

Below Springville Dam, the sediment concentration peaks diffuse and join 
together so that no sharp or outstanding peaks are visible. 

At CC-9, the sediment curves predicted by SERATRA have changed. Highest 
concentrations now occur between 7 and 23 hr of simulation. Verification at 
108 hr is very good with predicted values being slightly low. 

At CC-11 (Figure 5.25), the highest concentration occurs at 40 hr with no 
evidence of the previously visible concentration peaks. Sand and clay computed 
by the simulation are close to measured values despite the higher sand values 
indicated in the field data. Predicted silt is running considerably below the 
field value at 105 hr. 

The longitudinal distribution of sediment concentrations at the end of 
the 120 hr simulation (Figure 26} demonstrates the large dilution which occurs 
between the three Buttermilk Creek sites and the four Cattaraugus Creek sites. 
In general, the highest suspended sediment concentrations are found in Phase 1 
even at base flow. And as on the Phase 1 and Phase 2 simulations, suspended 
silt displays the highest concentrations and the most dynamic behavior of the 
three routed sediment fractions. This is due to the large amounts of silt 
removed from the bed prior to armoring. 

Armoring in Phase 1 is predicted to occur in 30 out of the 34 computa
tional segments. In most of these 30 segments, both silt and clay display 
armoring. Phase 1 is the only event where clay armoring was predicted. A net 
erosion of 200,000 kg of silt and 17,000 kg of clay was predicted by SERATRA 
for the channel bed in the study reach. Sand exhibited a net deposition of 
19,000 kg. The deposition of sand occurred strictly in the backwaters of 
Springville Dam and Lake Erie. Figure 5.27 is a bar graph of scour and 
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deposition predicted in each segment during Phase 1. Deposition occurs only 
in the two backwater areas while scour occurs everywhere else. The most 
intensive deposition occurs at Springville Dam (Segment 14) whereas the most 
intensive bed scour is found above the Lake Erie backwater, where slope and 
depth are quite large. However, the segments immediately below Springville 
Dam collectively exhibit the area where bed scouring is most active. 

5.4.3 Radionuclide Transport Simulation Results 

Ten applications of the SERATRA I~de were perf~rm~d in the ~ourse of this 
modeling study. Four radionuclides, 7cs, 90sr

1 
2 9, 40py and H were modeled 

using the Phase 2 and Phase 3 flow events while 37cs and 3H were modeled with 
the Phase 1 data. 

Although 30 radionuclides were tested for in the laboratory, only these four 
radionuclides had sufficient information to properly pose the problem for a · 
modeling study. The radionuclides available for modeling were limited largely by 
the number of distribution coefficients (Kds) mei~ured in Cattara~~us Creek. Of 
the five radionuclides with measured Kd values, 7cs, 90sr, and 9,240pu had 
adequate data at boundary conditions and verification points. Tritium, which 
does not sorb to sediment, was sampled separately and thus ha~ the nece~sary 
information for a modeling effort. Phase 1 was modeled with 37cs and H 
because 90sr and 239,240pu did not have data suitable for modeling. 

The purpose of simulating the transport and fate of four radionuclides 
during three flow events was to test SERATRA under ~ wide range of hydraulic 
and radiochemical conditions. Two radionuclides, 1 7cs and 3H, were tested 
under highly dynamic, moderate, and near-steady flows to demonstrate the effect 
of varying the field conditions while keeping the radionuclide parameters con
stant. The use of four radionuclides allows the radiochemical effects to be 
tested, i.e., varying the radionuclide parameters while field conditions are 
kept constant. This latter analysis pertains to the Phase 2 and Phase 3 
SERATRA simulations where all four radionuclides were m~d~l~d0 The character
istics of the modeled radionuclides are very diverse. 3 ' 4 Pu has a half
life of 6,600 years and a measured adsorption Kd of 21 m3/kg. 3H, on 
the other hand, has a half-life of 12 years and no measurable distribution 
coefficient. The other two radionuclides fall between these extremes. 

Radionuclides levels in Franks Creek are the highest in the area with 
dissolved and sorbed forms exhibiting activity many times greater than that 
found upstream of the study reach. As Franks Creek enters Buttermilk Creek, 
activity is reduced by dilution and by the mixing of the relatively •clean• 
Buttermilk Creek sediments with the contaminated Franks Creek sediments. Sub
sequent reductions in radionuclide levels occur as Buttermilk Creek joins 
Cattaraugus Creek and wherever lateral inflow (such as a tributary) is found. 
The general trend is for lower activity levels to be found at greater distances 
from Franks Creek. 

For the most part, Springville Dam contains the downstream transport of 
coarse sediment. This limits the activity levels in the downstream channel 
beds to values lower than those upstream of Springville Dam. 
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In general, bed activity levels do not change much unless large amounts 
of sediment with radionuclide concentrations very different from the bed are 
deposited. Since significant deposition occurs only at the Springville Dam 
and Lake Erie backwater areas (near the mouth of Cattaraugus Creek), sorbed 
levels in the bed in most areas during the simulation periods are largely 
unchanged even under the most unsteady flow conditions. 

Of the four modeled radionuclides, 239,240pu consistently has the lowest 
dissolved and p~rticulate activity levels. Highest dissolved concentrations 
are found with 3H while, the highest sorbed activi t ies are found with 137cs. 

Partitioning among the three sediment size fractions usually reflects the 
Kd values associated with each size fraction, i.e., highest sorbed levels 
with the clay sediment and lowest with the sand fraction. However, in some 
instances sand with organic matter or silt exhibit the highest concentrations 
due to upstream boundary conditions which have such partitioning. For the 
relatively short reach modeled, these radionuclides do not have enough time to 
equilibrate. Thus, these uncommon distributions will persist. 

The SERATRA radionuclide results presented here are from the same simula
tions which produced the previously discussed sediment transport results. 
Thus, the beginn1flg and ending times for the three phases of simulation are 
the same as those reported earlier and can be directly compared. As in the 
sediment transport results, time is referenced from the beginning of the 
SERATRA simulations. 

The comparison of computed and measured radionuclides will be shown in 
this section as well as in Appendix A. 

Phase 3 

The general description of the radionuclide concentrations in Phase 3 is 
a dilution and dispersion of initially dynamic activity levels. The spike of 
high discharge which occurs on Buttermilk Creek at 35 hours has the effect of 
causing low radionuclide concentrations in Buttermilk Creek due to dilution 
and high concentrations in Cattaraugus Creek because of the suddenly large 
fraction of contaminated water entering from Buttermilk Creek. The dilution 
of the lateral inflow and the dispersion caused by the vertical velocity shear 
smooths the upstream changes in radionuclide levels to gentle curves as the 
radionuclides are transported downstream. 

137cs 

The total sorbed concentration of 137cs was always higher than the dis
solved concentration in this simulation. This was merely a reflection of the 
boundary conditions at Buttermilk and Franks Creeks. Considering the suspended 
sediment concentrations in this phase and the distribution coefficients used 
for 137cs, the system was not in equilibrium, with desorption from particu
late to dissolved forms occurring. For the short reach of creek being simu
lated, the system did not have sufficient time to equilibrate to the sampled 
Kd value. 
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The partitioning of 137cs among the three modeled sediment size frac
tions was usually highest for clay and lowest for sand. This was to be 
expected as the finer sediments normally have more capacity to adsorb radio
nuclides than the coarser sediments. 

In Buttermilk Creek, 137cs sorbed to the suspended sediment (pCi/kg) 
has two peaks during the 72 hr simulation, spaced 50 hr apart. The peaks 
occurred before and after the suspended sediment concentration peak. This was 
due to the relatively uncontaminated sediment in the wave which originated 
upstream of the Franks Creek confluence. As greater amounts of the 'clean' 
sediment mixed with the influent activity from Franks Creek, a strong dilution 
occurred. Dissolved l37cs entered Buttermilk Creek as a wave of higher 
concentration in the first 30 hr of simulation. Sorbed concentrations per 
unit volume of water (pCi/m3) tend to increase with the suspended sediment 
concentration. 

Predicted sorbed activities associated with the three types of sediment 
at BC-3 are very close to the field data values as shown in Appendix A. The 
predicted clay activity is slightly higher and the sand and silt activities 
are slightly lower than the sampled values. 

Although clay has the highest sorbed activity (activity per unit weight 
of sediment), the relatively low concentrations of clay sediment prevent the 
radionuclides associated with clay from being greater than the amount of radio
nuclides sorbed to silt. ''Dips" in the concentration at the 35-hour mark 
coincide with the passing of the spike of water. The predicted dissolved 
concentration is below the BC-3 concentration data. 

In Segment 6, BC-4, predicted sorbed activities are 2 to 3 times higher 
than those found in the field (Appendix A). The three field samplings appears 
to be very consistent while the predicted results are somewhat unsteady. Only 
the field data taken at 37 hours matches closely with the predicted values. 
The two dissolved radionuclide field data points agree well with the predicted 
concentrations. 

In Cattaraugus Creek above Springville Dam both sorbed and dissolved 
137cs have been diluted by a factor of three from the Buttermilk Creek 
levels. At CC-3, Segment 8, predicted and measured data are highly correlated 
in both sorbed activity and concentration. This is borne out by Figures 5.28 
and 5.29. Interestingly, the plot of silt concentration in Figure 5.29 bears 
a resemblance to the Buttermilk hydrograph. This would seem to imply that the 
activity in Buttermilk Creek has a very strong imprint on the subsequent 
results in Cattaraugus Creek despite the relatively small discharge found in 
Buttermilk Creek. 

At Springville Dam, the field values for sorbed activity are fairly con
sistent with the predicted concentrations at the 9- and 59-hour data points. 
At 33 hours predicted silt and clay sorbed activities are 800 pCi/kg higher 
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higher than the measured values. The predicted dissolved radionuclide concen
tration is below the actual value but very reasonable in an absolute sense. 
Below Springville Dam, radionuclide peaks are more diffuse and generally follow 
the pattern of the sediment concentration waves. 

At Segment 21 which represents CC-6, Frye Bridge, there was no field 
value for dissolved radionuclide concentration. Predicted sorbed activity for 
silt is in excellent agreement with the three data points taken in the field. 
The clay activity field points at 5 and 31 hr are not very consistent in 
magnitude with respect to the silt activity found in the field. Predicted 
clay activity lies both above and below the two field-sampled clay values. 

At CC-9 and CC-11, Segments 28 and 34, respectively, no dissolved radio
nuclide concentrations from sampling are available. The results from the field 
sampling are taken at the end of the simulation. The predicted activity for 
each sediment type is consistently below the sampled data. The field values 
are indicating activities which are as high or higher than previous sampled 
data. 

The longitudinal distribution of 137cs in the water column shows high 
values in Buttermilk Creek and much lower values in Cattaraugus Creek. At the 
end of the 72 hr simulation (Figure 5.30), Buttermilk Creek and Cattaraugus 
Creek upstream of Springville Dam had radionuclide levels near base values. 
Ih7 increase in activity from BC-3 to BC-4 is due to the scouring of 
3 Cs-laden sediment from the bed into the water colunn. Lower total (sum 

of dissolved and particulate) radionuclide concentrations per unit volume of 
water at Springville Dam are the result of the deposition of 137cs carrying 
sediment. Downstream of Springville Dam, a steady increase in water column 
activity is the descending limb of a wave of high 137cs concentration which 
was present in these downstream segments. 

Bed sediment activity is practically unchanged throughout all simulations. 
The 137cs distribution is presented as an example (Figure 5.31) as all longi
tudinal distributions are quite similar. Initial bed radionuclide concentra
tions are highest in Buttermilk Creek and lowest in lower Cattaraugus Creek. 
The only noticeable change in the bed activity was at the final segment in the 
Lake Erie backwater near the mouth of the creek. At this point suspended 
sediment with higher levels of 137cs than in the bed deposited out of the 
water column. During the simulation bed activity increased to 760 pCi/kg; 
quite small when compared with the 10,000 pCi/kg found in the Buttermilk Creek 
bed. 

The vertical distribution of radionuclides is uniform in most cases 
because of the dominance of silt- and clay-sorbed activity in addition to the 
dissolved activity. In this creek system, most of silt, clay, and dissolved 
radionuclides simply wash through to Lake Erie without settling. At CC-3, on 
Cattaraugus Creek above Springville Dam, this uniform vertical distribution is 
almost perfect (Figures 5.32 and 5.33). Other simulations in this study pro
duce similar results indicating that a possible simplification in future model
ing of this creek could be one dimensional. 
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90sr 

The 90sr simulation consistently has much more dissolved radionuclide 
than sorbed radionuclide. This reflects the low affinity that 90sr has for 
the sediment. The value of Kd of 90sr is 10 times smaller than the value 
of Kd of l37cs. The partitioning of 90sr among the different sediment 
fractions is unusual in that the sand particles or more precisely, sediment in 
a sand size fraction, have higher activity levels than the silt particles. 
This is corroborated by the field data. This may be due to the fact that sand 
size fraction contains suspended organic matter. 

In Buttermilk Creek, the 90sr sorbed to clay peaked highest after 35 hr 
of simulation, dropped to background levels, and peaked at a lower activity at 
60 hr. The first peak corresponds with the maximum sediment concentration 
while the second peak corresponds with the minimum sediment concentration. 
The high peak is a result of high sorbed activity sediment being scoured f rom 
the bed and suspended in the water column. When the bed armors against further 
clay scour, the sorbed levels in the suspended sediment drop sharply. As the 
sediment wave from upstream Buttermilk Creek dimi nishes in concentration t he 
sorbed levels begin to increase, since a larger fraction of the suspended 
sediments are dui to the more contaminated sediments from Franks Creek. Sand
and silt-sorbed .37cs display lowest concentration levels during the peak 
sediment concentrations which indicate that the corresponding upstream clear 
sediments dilute the sorbed activity. 

Dissolved 90sr behavior in Buttermilk Creek i s basically controlled by 
the Franks Creek influent. The small wave of high dissolved concentrations is 
from the Franks Creek boundary condition. The low concentration at 35 hr is 
due to the passing of the discharge spike from ~pstream Buttermilk Creek. 

At BC-3, predicted silt activity agrees well with the sampled value while 
the sand activity predicted is 50% below the samp led activity. No clay 
activity is available for comparison. Strontium-90 differs from the previous 
l37cs result by exhibiting a very high dissolved radionuclide concentration. 
In comparison with the dissolved activity, the sorbed fractions appear to be 
insignificantly small. Predicted dissolved concentration is below the 
measured concentration. 

Figure 5.34 is the sorbed activity plot at BC-4. The predicted sand value 
at 37 hr is one-third of the sampled activity for sand. Field and predicted 
silt values are fairly consistent with the predicted values being 250 pCi/kg 
higher. The clay activity from the 4-hr sample is approximated closely by the 
predicted graph. However, at 37 hr the sampled clay value is almost identical 
to the low silt value while the predicted clay activity is many times higher. 
Agreement with field-sampled dissolved concentrations is good for the 37- and 
65-hr samples (Figure 5.35). The predicted dissolved concentration at 4 hr is 
considerably below the measured value. 

As Buttermilk Creek enters Cattaraugus Creek sorbed concentrations 
decrease by a factor of three while dissolved concentrations decrease by a 
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factor of 4A The sorbed 90sr behaves as it did in Buttermilk Creek. The 
dissolved 9usr in Cattaraugus Creek has a peak at 35 hr where there was a 
trough in Buttermilk Creek. This is because of the large volume of high 
activity water accompanying the discharge spike from Buttermilk Creek. 

At CC-3, fairly good correlation is achieved with the sorbed activity. 
Predicted sand is slightly lower and predicted silt slightly higher. The 
computed dissolved concentration at CC-3 is fairly smooth with a sharp 
increase and decrease at the time the hydrograph peak passes through the 
segment. The field concentration of dissolved strontium is about 25% the 
predicted concentration at 25 hr. 

At CC-5, extremely high sand activities found in the field are not 
duplicated. However, clay and silt activities are matched reasonably. The 
dissolved concentrations predicted by SERATRA are about the same as in CC-3. 
However, in this case the field-sampled concentrations are both higher than 
the predicted. 

Downstream of Springville Dam, sorbed and dissolved 90sr exhibit no 
sharp peaks as dispersion and dilution create rather steady effects. At Fryge 
Bridge, CC-6, sand and clay activities are underestimated by the model. Pre
dicted dissolved concentrations at 6, 32 and 58 hr are 10 to 60% lower than 
field data. 

At CC-9, Segment 28, no dissolved field value is available for comparison. 
The only sorbed activity collected in the field is for silt. The predicted 
activity is many times smaller than that field value. 

At CC-11, the trend of large field values for sorbed activity downstream 
of Springville Dam continues. Only the silt activity predicted by SERATRA is 
fairly close to a field data point; clay and sand field activities simply dwarf 
those predictions. The predicted dissolved concentration is 60% below the 
field data. This is fairly consistent with Segments 14 onward. 

Figure 5.36 is the longitudinal distribution of 90sr. This illustrates 
the strong dilution of radionuclides from Buttermilk Creek to Cattaraugus 
Creek. 

239,240pu 

239,240pu has a Kd value 350 times that of 90sr. Given the sediment con
centrations predicted in the Phase 3 study reach and the Kd value 239,240pu in 
sorbed form per unit volume of water should be on the same order of magnitude 
as the dissolved 239,240pu if equilibrium exists. As it happens this is the 
predicted result. 

Partitioning of 239,240pu is quite dynamic. In Buttermilk Creek silt 
has the highest sorbed levels; strictly a result of the Franks Creek boundary 
condition. In Cattaraugus Creek above Springville Dam clay sediment has the 
highest sorbed levels while below Springville Dam silt retains the most 
activity. The background condition is for clay to be the most efficient at 

5.65 



("""'\ 

(Y") 

• 
• 
L 
.......... ....... 
u 
a_ 
'-J 

z 
0 ....... 
I-
a: 
a: 
I-
z <.11 w . 
u 0"1 

0"1 z 
0 
u 

1511. 

1211. 

911.1 

611.1 

311.1 

•• 51 •• .. .. !II • • 21 •• 11 •• 

DISTANCECMILES F-ROM LAKE ERIE) 
TJ~· 13•t5•3t DATE• 18·~·82 

FIGURE 5.36. Phase 3, Longitudinal Distribution of 90sr Total Concentration 
of Hour 72 

I. 



radionuclide uptake which explains the upstream Cattaraugus Creek results. In 
downstr~am Cattaraugus Creek, large amounts of high activity silt were sus
pended from the bed which increased the silt sorbed activity to be above the 
clay level in the water column. 

In Buttermilk Creek, sorbed 239,240pu in sand and clay react inversely 
to the sediment wave from upstream Buttermilk Creek. Silt-sorbed radionuclides 
are fairly constant. Dissolved 239,240pu is virtually constant except for 
the passing of the discharge spike. 

Unlike other radionuclides, predicted silt-sorbed plutonium concentrations 
are higher than those with clay. The computed silt activity is fairly steady 
while the computed sand and clay activity display a wider range of values. The 
relatively sharp peak of computed activity with sand and a valley in the clay 
activity at 35 hr coincides with the hydrograph spike. A single silt activity 
data point is available from the field study. The predicted silt activity at 
that point (28 hr) is about 0.7 pCi/kg greater than the field value. The trend 
of the 239,240pu radionuclide concentration is very similar to the sediment 
graphs in BC-3 (Segment 3}; the dissolved concentration is very steady except 
for hour 35 in which the hydrograph spike passes through this segment. No 
field dissolved data points are availble for comparison. 

At BC-4, Figure 5.37 is the sorbed activity plot. Field data at 37 hr 
has clay activity higher than silt activity. This is the opposite of the 
computed results. The predicted clay activity fairly approximates the field 
data point while the predicted silt activity is two times the sampled data. 
The radionuclide concentrations in Figure 5.38 are again very similar to the 
sediment discharges. The predicted dissolved concentration is steady and well 
above the field-sampled concentration at 65 hr. 

In Cattaraugus Creek above Springville Dam clay sorbed 239,240pu increase 
gradually to a peak at 60 hr while sand- and silt-sorbed radionuclides remain 
steady. At CC-3, the predicted sorbed activity for clay is many times higher 
than sand and silt activities. The field point for silt activity lies very 
c losely to the predicted silt activity. Radionuclide concentrations are 
reversed from Buttermilk Creek; radionuclides adsorbed to clay now provide the 
largest concentrations. No data are available to confirm this with the field. 

At CC-5, measured sorbed activities include two silt activity points at 9 
and 33 hr. Computed results are similar with one field data point above and 
one below predicted results. Radionuclide concentrations appear to be very 
similar to those shown previously at Segment CC-3. No dissolved data from the 
field is available for comparison. Downstream of Springville Dam, silt-sorbed 
239,240pu scoured from the bed creates high activity on the water column. 
Other size fractions exhibit gently changing levels of radionuclide at much 
lower total concentrations. 
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At CC-6, Fryge Bridge, silt- and clay-sorbed activity, as predicted by 
SERATRA, alternate having the highest activity. One measured concentration 
attached to sand is available for verification at 59 hr. The sand activity 
predicted at that time is about 15 pCi/kg below that data point. Another 
reversal occurs in the total radionuclide concentration with silt now being 
the dominant carrier of radionuclides. Predicted dissolved concentrations are 
almost constant and very near the single field value at 31 hr. 

At CC-9, silt is the highest activity carrier of sorbed radionuclide. 
The predicted clay activity is 50% below the field value. The radionuclide 
concentrations are relatively low with the exception of silt. This is a 
direct reflection of the high silt sediment concent ration. No field data are 
available for comparison. 

CC-11, the mouth of Cattaraugus Creek, is almost identical to Segment 28 
(CC-9) in both concentration and sorbed activity. No field data are available 
for comparison. 

Because of the 239,240Pu-laden silt scoured f rom the bed downstream of 
Springville Dam, total radionuclide concentrations are much higher at down
stre~m locations .. This is shown in the longitudinal distribution of 
239,249pu at the end of the simulation (Figure 5.39). 

3H 

Tritium on Phase 3 displays very steady concentration levels, changing 
minutely for the most unsteady field conditions. The reason for this is that 
the background levels tend to dominate any transport effects. Since tritium 
exists in dissolved form alone, it is affected greatly by dilution. While 
high sediment concentrations from Franks Creek t~nd to preserve the elevated 
values of sorbed radionuclide in Buttermilk Creek as discussed above, 
dissolved radionuclides are diluted by a factor of 10. 

At BC-3, tritium concentrations are very steady except for hour 35 when 
the hydrograh spike disrupts the consistency. Predicted concentrations are 
40% below the reported value. 

At BC-4, there are field values at hour 37 and hour 65. At hour 37 the 
computed dissolved concentration is about 20% below the field value while at 
hour-65 the computed concentration is about 50% of the measured value. 

At CC-3, the dissolved concentration graph in Figure 5.40 has slightly 
more dynamics due to the Cattaraugus Creek inflow. At 25 hours the predicted 
dissolved concentration is about 20% below the field value. 

Figure 5.41 is a plot of the dissolved concent rations at CC-5. There is 
good agreement between the predicted and field values. 

At CC-6, the predicted concentrations are below the measured data by 5 to 
25% and very consistent. This is the last segment with field data. 

5.70 
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As it happens, the dilution in Buttermilk Creek reduces the tritium levels 
to below the Cattaraugus Creek background levels. This is borne out by the 
longitudinal distribution of tritium in Figure 5.42. 

A summary of the observed and predicted Phase 3 radionuclides is in 
Table 5.8. Additional radionuclide plots with field comparison data are in 
the Appendix A. 

Phase 2 

The Phase 2 flow event was mostly steady. Much of the hydrodynamics were 
synthesized in this phase and single samples of sediment and radionuclides 
collected at a given sampling location were assumed to be valid to the entire 
simulation period there. Throughout Phase 2, the radionuclides are partitioned 
highest to the clay sediment fraction and lowest to the sand fraction. 

The results of the Phase 2 radionuclide simulation are very much the same 
for all four radionuclides. The only area where major change occurs is at the 
confluence of Buttermilk and Cattaraugus Creeks where all radionuclides are 
diluted by a factDr of four. This can be seen in the four longitudinal distri
bution plots of 137cs, 90sr, 239,240pu and 3H in Figures 5.43 through 5.46, 
respectively. 

137cs 

In general, the predicted 137cs radionuclide concentrations in Phase 2 
are much higher than the values measured in the field. This discrepancy 
between predicted and measured data for Phase 2 was mostly due to lack of 
accurate time varying data as both input data and validation data. At BC-4, 
the constant boundary condition at FC-1 produces a dissolved concentration 
three times the field concentration. At CC-3 (Figures 5.47 and 5.48) and CC-5 
very steady computed results occur which exceed the field data. At downstream 
locations CC-9 and CC-11, some dynamics appear in the first 60 hr of simulation 
before a stedy state is approached. Although ~redi cted silt activity appears 
to be nearing field levels, the particulate 137cs is desorbing to the dl·s
solved phase as evidenced by the increasing dissolved concentration of 37cs 
at CC-11. 

90sr 

The Franks Creek boundary condition for dissolved 90sr measured in the 
field was over 100 times larger than any field value found in Cattaraugus 
Creek. Such a large dilution factor in a steady flow ~ent for these flow 
conditions seemed impossible. Therefore, a dissolved Sr boundary condition 
was estimated to produce the BC-4 dissolved field concentration. The steady 
D~rticulate radionuclide activities are very similar to those found in the 
1J7cs modeling. Once again, field particulate levels of radionuclide 
activity are many times smaller than those predicted. As expected, the BC-4 
dissolved concentration predicted is perfectly calibrated to the field 
concentration. 

5. 74 
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TABLE 5.8. Phase 3 Observed and Computed Radionuclide Concentrations 

Phase 3 137 Cs ComEari son ( EC/ g) 
Location Observed Computed 

BC-3 
Sand 4. 99 2.4 
Silt 4. 79 2.9 
Clay 7.86 9.2 
Dissolved 45 pC/m3 26 pC/m3 

BC-4 4/26/79 
Sand 6.0 
Si 1t 2. 51 8.3 
Clay 9.2 
Dissolved 45 pC/m3 

BC-4 4/27/79 
Sand 1.9 
Silt 2.31 5.0 
Clay 4.12 5.5 
Dissolved 15 pC/m3 12 pC/m3 

BC-4 4/28/79 
Sand 7.3 
s i 1 t 2.89 7.7 
Clay 3.98 14.8 
Dissolved 23.4 pC/m3 16 pC/m3 

CC- 3 
Sand 1.13 1.2 
Silt 1.67 2.3 
Clay 4.44 5.0 
Dissolved 11.1 pC/m3 8 pC/m3 

CC-5 4/26/79 
Sand 0.3 
Silt 0. 763 1.2 
Clay 1.99 1.9 
Dissolved 4500 pC/m3 9 pC/m3 

CC-5 4/27/79 
Sand 0.4 
Silt 0.877 1.8 
Clay 1.65 2.6 
Dissolved 16.6 pC/1 8 pC/m3 

5.76 



TABLE 5. 8. (contd) 

Phase 3 137cs Com~arison ~~C/g} 
Location Observed Com~uted 

CC-5 4/28/79 
Sand 0.2 
Silt 0.966 0.5 
Clay 1.6 
Dissolved 5 pC/m3 

CC-6 4/26/79 
Sand 0.2 
silt 0.736 0.8 
Clay 2.87 1.7 
Dissolved 7 pC/m3 

CC-6 4/27/79 
Sand 0.4 
Silt 1.42 1.0 
Clay 1.35 2.6 
Dissolved 9 pC/m3 

CC-6 4/28/79 
Sand 0.2 
Silt 0.580 0.5 
Clay 1.5 
Dissolved 6 pC/m3 

CC-9 
Sand 2.33 0.2 
Silt 2.26 0.5 
Clay 2. 78 1.7 
Dissolved 7 pC/m3 

CC-11 
Sand 1.17 0.2 
Silt 2.89 0.4 
Clay 6.16 1.9 
Dissolved 11 pC/m3 

Phase 3 90sr Com~arison ~~C/g} 
Location Observed Com~uted 

BC-3 
Sand 1.44 0.7 
Silt 0.136 0.2 
Clay - 1.5 
Dissolved 1930 pC/m3 1060 pC/m3 

5. 77 



TABLE 5.8. (contd ) 

Phase 3 90sr Com~arison ( ~C/g) 
Location Observed Com~uted 

BC-4 4/26/79 
Sand 0.8 
Silt 0.081 0.4 
Clay - 0.9 
Dissolved 2760 pC/m3 1090 pC/m3 

BC-4 4/27/79 
Sand 1.70 0.3 
Silt 0.055 0.3 
Clay 0.062 1.2 
Dissolved 596 pC/m3 500 pC/m3 

BC-4 4/28/79 
Sand 1.2 
Silt 0.133 0.4 
Clay - 1.5 
Dissolved 1151 pC/m3 1350 pC/m3 

CC-3 
Sand 0.392 0.3 
Silt 0.070 0.1 
Clay - 0.5 
Dissolved 67.6 pC/m3 310 pC/m3 

CC-5 4/26/79 
Sand 1.41 0.1 
Silt 0.1 
Clay 0.264 0.4 
Dissolved 429 pC/m3 230 pC/m3 

CC-5 4/27/79 
Sand 0.2 
silt 0.060 0.1 
Clay - 0.7 
Dissolved 382 pC/m3 260 pC/m3 

CC-5 4/28/79 
Sand 3.82 0.1 
Silt 0.1 
Clay 0.4 
Dissolved 250 pC/m3 

5. 78 



TABLE 5.8. ( contd) 

Phase 3 90sr Comearison {pC/g} 
location Observed Computed 

CC-6 4/26/79 
Sand 1.54 0.2 
Silt 0.1 
Clay - 0.5 
Dissolved 496 pC/m3 220 pC/m3 

CC-6 4/27/79 
Sand 3.49 0.1 
Silt 0.1 
Clay 1.53 0.4 
Di sso 1 ved 410 pC/m3 270 pC/m3 

CC-6 4/28/79 
Sand 0.1 
Silt 0.1 
Clay - 0.4 
Dissolved 277 pC/m3 240 pC/m3 

CC-9 
Sand 0.1 
Silt 1.45 0.0 
Clay - 0.3 
Dissolved 227 pC/m3 220 pC/m3 

CC-11 
Sand 0.568 0.1 
Silt 0.098 0.0 
Clay 1.51 0.3 
Dissolved 492 pC/m3 200 pC/m3 

Phase 3 239,240Pu Comparison (eC/g~ 
location Observed Comeuted 

BC-3 
Sand 0.0004 
Silt 0.002 0.0028 
Clay - 0.0015 
Dissolved 0. 551 pC/m3 0.109 pC/m3 

BC-4/1 
Sand 0.0030 
Silt 0.0030 
Clay 0.0022 
Dissolved 0.112 pC/m3 

5.79 



TABLE 5.8. ( contd) ------
239 240 . 

Phase l----~~-~omA~r,son (~C/g} 
location Observed Co~uted ---

BC-4/2 
Sand 0.0011 
Silt 0.0013 0.0028 
Clay 0.002 0.0009 
Dissolved 0.104 pC/m3 

BC-4/3 
Sand 0.0030 
Silt 0.0032 
Clay - 0.0027 
Dissolved 0.019 pC/m3 0.113 pC/m3 

CC-3 
Sand 0.0005 
Silt 0.003 0.0019 
Clay 0.0280 
Dissolved 0.104 pC/m3 

CC-5/1 
Sand 0.0002 
Silt 0.0007 0.0018 
Clay 0.0075 
Dissolved 0.102 pC/m3 

CC-5/2 
Sand 0.0002 
Silt 0.0023 0.0019 
Clay 0.0170 
Dissolved 0.104 pC/m3 

CC-5/3 
Sand 0.0001 
Silt 0.0015 
Clay 0.0232 
Dissolved 0.100 pC/m3 

CC-6/1 
Sand 0.0006 
Silt 0.0308 
Clay 0.0133 
Dissolved 0.110 pC/m3 

5.80 



TABLE 5.8. (contd) 

239,240 
Phase 3 Pu Comparison {~C/g} 

Location Observed Com~uted 

CC-6/2 
Sand 0.0006 
Silt 0.0251 
Clay - 0.0124 
Dissolved 0.06 pC/m3 0.103 pC/m3 

CC-6/3 
Sand 0.016 0.0005 
Silt 0.0110 
Clay 0.0264 
Dissolved 0.099 pC/m3 

CC-9 
Sand 0.0023 
Silt 0.0322 
Clay 0.049 0.0215 
Dissolved 0.115 pC/m3 

CC-11 
Sand 0.0021 
Silt 0.0331 
Clay 0.0219 
Dissolved 0.174 pC/m3 

Phase 3 3H Com~arison {~C/m3 } 
Location Observed Com~uted 

BC-3 290 X 103 160 X 103 

BC-4/2 212 X 103 170 X 103 

BC-4/3 315 X 103 160 X 103 

CC-3 210 X 103 250 X 103 

CC-5/2 148 X 103 150 X 103 

CC-5/3 235 X 103 190 X 103 

CC-6/1 197 X 103 180 X 103 

CC-6/2 215 X 103 160 X 103 

CC-6/3 234 X 103 190 X 103 

5.81 
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0 
At CC-3 and CC-5 (Figures 5.49 and 5.50), both dissolved and particulate 

9 Sr predicted by SERATRA are somewhat higher than measured values. At 
CC-11 (Figure 4.51), the field verification dissol ved concentration at 
100 hours of simulation is closely approximated by the predicted value. 

239,240pu 

At BC-4, predicted silt and clay specific aci tvities are two and eight 
times the respective field values (Figure 5.52). Predicted dissolved 
239,240pu, however, is in excellent agreement with the field concentration 
(Figure 5.53). 

Plots at CC-3 and CC-5 are very similar in character and concentration 
levels. Field values for specific silt activity are in excellent agreement 
with predicted values (Figures 5.54 and 5.55). Predicted dissolved 239,240pu 
at CC-3, however, is 20% of the field concentration. 

At CC-11 predicted activities for both silt and dissolved concentration 
are a fair approximation of the field activity levels but consistently low, as 
shown in Figures 5.56 and 5.57. 

3H 

The comparison of predicted tritium concentrations with field values is 
not so much a test of the SERATRA code but a gauge of the accuracy of the posed 
problem. Since tritium exists in dissolved form only, the concentrations 
found downstream are merely the result of the hydrodynamics, i.e., migration, 
dilution and dispersion, and radionuclide decay. For the relatively short 
simulation period considered in Phase 2, radionuclide decay is insignificant. 
Therefore, the sediment and radionuclide transport interaction mechanisms on 
which SERATRA is based are not being exercised. Discrepancies between pre
dicted and observed tritium concentrations are then the results of an error in 
the field values or an error in the hydrodynamics. 

At BC-4, excellent agreement between predicted and observed tritium is 
displayed in Figure 5.58. However, subsequent comparisons at CC-3, CC-5 and 
CC-11 show predicted values to be consistently about 60% of the field 
concentrations. 

A summary of the observed and predicted Phase 2 radionuclide concentra
tions is found in Table 5.9. Additional plots comparing field data with the 
predicted radionuclide concentrations are found in Appendix A. 

Phase 1 

The Phase 1 hydrodynamics were the most unsteady of the three phases ; 
consequenty the radionuclide concentration flucturate most accordingly. As 
mentioned earlier, the Phase 1 hydrodynamics were completely synthesized 
without calibration due mostly to the lack of continuous flow measurement at 
Gowand (CC-9). Sediment and radionuclide sampling was performed once at each 
boundary condition which forced a steady concentration to be input for the 
very unsteady case. 

5.88 
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TABLE 5.9. Phase 2 Observed and Computed Radionuclide Concentrations 

Phase 2 Cs 137 Com~arison { (;!C/ g) 
Location Observed Computed 

BC-4 
Sand 0.6 
Silt 9.5 
Clay 27.8 
Dissolved 28 pC/m3 94 pC/m3 

CC-3 
Sand 0.4 
Silt 1.46/1.17/1.72 4.9 
Clay 2.84/4.29/5.0 14.3 
Dissolved 1.0/2.0/4.0 pC/m3 21 pC/m3 

CC-5 
Sand 0.4 
Silt 1.17/1.09/1.20 4.8 
Clay 1.90/2.10/2.36 14.1 
Dissolved 3.0 pC/m3 24 pC/m3 

CC-9 
Sand 0.4 
Silt 1.85 4.2 
Clay 2.74 12.2 
Dissolved 26 pC/m3 

CC-11 
Sand 0.3 
Silt 1.41 1.4 
Clay 2. 51 10.2 
Dissolved 32 pC/m3 

Phase 2 90sr Comparison { pC I g) 
Location Observed Computed 

BC-4 
Sand 0.0 
Silt 3.3 
Clay 0.327 5.1 
Dissolved 868 pC/m3 880 pC/m3 

CC-3 
Sand 0.0 
Silt 1.6 
Clay 0.359 2.8 
Dissolved 62 pCJm3 250 pC/m3 
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TABLE 5.9. (contd) 

Phase 2 90sr ComEarison {ectgl { contd) 
Location Observed Co!!Euted 

CC-5 
Sand 0.0 
Silt 0.192 1.5 
Clay - 2.8 
Dissolved 177 pC/m3 240 pC/m3 

C-11 
Sand 0.1 
Silt 0.185 0.4 
Clay - 2.1 
Dissolved 201 pC/m3 180 pC/m3 

Phase 2 239 , 240Pu Comearison ~ ectg ~ 
Location Observed Comeuted 

BC-4 
Sand 0.0 
Silt 0.0026 0.0057 
Clay 0.003 0.0233 
Dissolved 0.1 pC/m3 0.11 pC/m3 

CC-3 
Sand 0.0002 
silt 0.0027 0.0028 
Clay - 0.0129 
Dissolved 0.2 pC/m3 0.04 pCJm3 

CC-5 
Sand 0.0002 
silt 0.0027 0.0028 
Clay 0.0129 
Dissolved 0.04 pC/m3 

CC-11 
Sand 0.0011 
Silt 0.005 0.0029 
Clay - 0.0104 
Dissolved 0.06 pC/m3 0.04 pC/m3 
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TABLE 5.9. (contd) 

Phase 2 -~H Com~ari son {~Ctm3 ~ 
Location Observed ComEuted 

BC-4 830 X 103 810 X 103 

CC-3 356 X 103/383 X 103/1056 X 103 200 X 103 

CC-5 312 X 103/365 X 103 200 X 103 

CC-11 298 X 103 190 X 103 

Because of the high flows in this phase, large amounts of sediment were removed 
from the bed into the water column accompanying the sorbed radionuclides. As 
most of the cnannel bed became armored against further silt and clay erosion, 
the contribution of the suspended radionuclides from the contaminated bed was 
stopped resulting in falling sediment and radionuclide levels. 

137cs 

Because of the constant sediment and radionuclide concentrations used at 
the Franks Creek boundary condition, the radionuclide levels in Buttermilk 
Creek are generally proportional to the discharges from Franks Creek. There
fore, as in the hydrodynamic case, two trains of peak concentrations in both 
sorbed and dissolved forms are visible in Buttermilk Creek. 137cs sorbed 
clay exhibits the highest radionuclide concentrations while sorbed sand has 
the lowest radionuclide concentrations. 

The predicted specific activity levels of particulate 137cs at BC-2 are 
highly dynamic with the clay-sorbed activity being consistently twice as large 
~s those adsorbed by sand and silt. Correlation with measured particulate 
l37cs with silt and clay is good while the field activity with sand is five 
times the predicted value. 

At BC-3 and BC-4, the time-dependent profiles of specific activity levels 
have changed little from those appearing at BC-2. However, the field values 
at these locations, despite being taken at times less than three hours apart, 
are widely divergent. At BC-3, measured 137cs adsorbed by suspended sand is 
the highest particulate activity. Predicted silt and clay activities are 60% 
of the corresponding field values. At BC-4, the sand field activity lies well 
below the lowest predicted values. The predicted sand and silt activity levels 
compare favorably with the field values, activities appearing to be 5 hr out 
of phase with field data. 

The two sets of peaks diffuse and coalesce into two general peaks at the 
radionuclides are transported to Lake Erie. Dilution from Buttermilk Creek to 
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Cattaraugus Creek reduces total concentrations of 137cs by a factor of four 
while sorbed activity levels are reduced very slightly. High silt-sorbed 
137cs concentrations in the water column near the mouth of Cattaraugus Creek 
are a result of silt-sorbed sediment being scoured from the bed between the 
mouth of the creek at Gowanda and Lake Erie. 

The character of the predicted particulate act ivity in Buttermilk Creek 
is preserved in the plots at CC-3 and CC-5 (Figure 5.59). At CC-3, the sand 
activity field value is much higher than the magni t ude of the sampled silt and 
clay activities. The entire range of predicted results at 80 hours of simula
tion is between the activity values measured at CC-3. At CC-5, the silt 
activity correlation between predicted and sampled values is good while the 
predicted value assoii9ted with clay is 40% below the field clay activity. 
Predicted dissolved 3 Cs levels at the end of the simulation are four times 
the value in the field (Figure 5.60) . 

The predicted particulate activity levels at CC-9 display more gradual 
dynamics than the upstream sites. The silt activity predicted at 108 hours of 
simulation is twice as high as the field value. 

At CC-11, the sudden increase and decrease of the predicted clay specific 
activity appears due to high activity-bearing clay being scoured from the bed 
followed by the onset of bed armoring. At 105 hours of simulation, predicted 
silt activity is fairly close to the field-sampled value while predicted clay 
activity is 40% of the field value. 

The longitudinal distribution of 137cs in the water column (Figure 5.61) 
shows a large dilution effect from Buttermilk Creek to Cattaraugus Creek. 
Radionuclides in the water column decrease steadily in concentrations as flow 
moves toward Lake Erie. 

Tritium does not interact with the sediment and is therefore influenced 
only by the hydrodynamics with some dispersion and radioactive decay. Since 
3H concentrations at FC-1, BC-1 and CC-1 were not sampled during the Phase 1 
data collectiQn effort, a boundary condition at FC-1 was estimated to match 
the measured 3H cQncentration at BC-4. Background concentrations were taken 
from the Phase 3 3H field collection data. 

The dynamic behavior found in Buttermilk Creek is preserved in form in 
Cattaraugus Creek above Springville Dam. However, concentrations are reduced 
by a factor of two. Downstream of Springville Dam, the tritium concentrations 
tend to slowly oscillate about an average value as the sharply peaked 3H 
concentrations are diffused into two gently curved waves. Predicted values of 
tritium at BC-4, CC-3 (Figures 5.62 and 5.63) and CC-11 are in excel1ent agree
ment with the field values. The longitudinal dis t ribution of 3H at hour 120 
is shown in Figure 5.64. 
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A summary of the observed and predicted Phase 1 radionuclide concentra
tions is found in Table 5.10. Additional plots of predicted rad ionuclide 
concentrations with field verification points appears in Appendix A. 

The study revealed that SERATRA simulated general patters of radionuclide 
transport mechanisms fairly well a~d that most of predicted values with good 
measured data are within 100% of the observed value . Again, considering that 
SERATRA does not have adjustable parameters for radionuclide transport calibra
tion, that the Cattaraugus/Buttermilk Creek system is very complex, and that 
some of the field data were not adequate for its accuracy or quantity, SERATRA 
performed well for its radionuclide transport simulation. 

TABLE 5.10. Phase 1 Observed and Computed Radionuclide Concentrations 

Phase 1 137 c c . s omEarl son {EC/g} 
Location Observed ComEuted 

BC-2 
Sand 7. 64/14.50 1.7 
Silt 0. 841/1.50 1.5 
Clay 3.10/1.65 3.9 
Dissolved 14 pC/m3 

BC-3 
Sand 13.6 1.8 
Silt 2.55/3.26 1.6 
Clay 7. 80/7 . 37 4.1 
Dissolved 15 pC/m3 

BC-4 
Sand 0.316 1.9 
Silt 2.67/2.41 1.6 
Clay 6. 55/4.48 4.1 
Dissolved 21 pC/m3. 

CC-3 
Sand 9.02 0.8 
Silt 0.422/0.385/0.326 1.4 
Clay 0.198/0.253 4.0 
Dissolved 116 pC/m3 

CC-5 
Sand 0.5 
Silt 0. 887/0.740 0.9 
Clay 5.46/3.53 2.7 
Dissolved 26.0 pC/m3 106 pC/m3 

= below detection. 
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TABLE 5.10. (contd) 

Phase 1 137cs Comparison (pC/g) 
location 

CC-9 
Sand 
Silt 
Clay 
Dissolved 

CC-11 
Sand 
Silt 
Clay 
Dissolved 

Observed 

0.290 

0.454/0.571 
5.50 

Computed 

0.2 
0.6 
1.5 

80 pC/m3 

0.4 
0.8 
2.2 

63 pC/m3 

Phase 1 3H Comparison (pC/g) 
location 

BC-4 
CC-3 
CC-11 

Observed 

461 X 103 

305 X 103 

206 X 103 

5.107 

Computed 

460 X 1010 

290 X 103 

210 X 103 
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6.0 HYPOTHETICAL TEST CASES 

After SERATRA was tested in the Cattaraugus Creek system as discussed in 
Chapter 5, SERATRA was then applied to the same site for two hypothetical 
cases. These cases of instantaneous radionuclide releases were conducted to 
illustrate how SERATRA can be used as a site assessment tool. 

Case 1. Instantaneous Release of X Dissolved Radionuclide 

An instantaneous release of X (highly sorptive but short-lived) radionu
clide to Buttermilk Creek at the confluence of Franks Creek was simulated as 
an example. The assumed conditions for this case are shown in Table 6.1. 

TABLE 6.1. Assumed Conditions for Case 1 

Half Life = 6 hrs 
Release Amount = 333 pCi 

Kd for Sand = 2000 ml/g 

Kd for Silt = 10000 ml/g 
Kd for Clay = 20000 ml/g 

Computed results at BC-2 and the mouth of Buttermilk (BC-4) Creek for this 
case are presented in Figures 6.1 through 6.4. The instantaneous release dis
persed longitudinally to form a bell-shaped wave with a 10-hour duration. The 
three particulate radionuclide waves are each slightly out of phase, with the 
smaller diameter particles arriving before the heavier sediment. Clay is the 
most efficient in concentrating radionuclide on particle surfaces while the 
sand particles are the least efficient. 

Case 2. Instantaneous Release of Y Dissolved Radionuclide 

The second hypothetical case was instantaneous release of Y (less sorp
tive but long lived) dissolved radionuclide at FC-1. The conditions used for 
this case are shown in Table 6.2. 

At BC-2 and BC-4 in Buttermilk Creek, predicted results are shown in Fig
ures 6.5 through 6.8. Comparison of Cases 1 and 2 reveals that sorbed Y radio
nuclide concentrations are 100 times higher than those of Case 1 and that the 
total Y radionuclides (sum of dissolved and sorbed radionuclide concentrations) 
after 10 hr are approximately twice as much as those of Case 1. These are 
reflections of half-lives and distribution coefficients selected for Cases 1 
and 2. These two hypothetical cases demonstrate the usefulness of SERATRA as 
a site assessment tool. 
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TABLE 6.2. Assumed Conditions for 1291 (Case 2) 

Half Life 1.7x 107 years 

Release Amounts = 333 pCi 

Kd for Sand = 20 ml/g 

Kd for Silt = 100 ml/g 

Kd for Clay = 200 ml/g 

6.2 
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APPENDIX A 

COMPARISONS OF COMPUTED AND MEASURED CONCENTRATIONS 
OF SEDIMENT AND RADIONUCLIDES 



A.l.l. SEDIMENT CONCENTRATIONS FOR PHASE 3 
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A.l.2. SEDIMENT CONCENTRATIONS FOR PHASE 2 
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A.1.3. SEDIMENT CONCENTRATIONS FOR PHASE 1 
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A.2.1 RADIONUCLIDE CONCENTRATIONS FOR PHASE 3 
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A.2.2. RADIONUCLIDE CONCENTRATIONS FOR PHASE 2 
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A.2.3. RADIONUCLIDE CONCENTRATIONS FOR PHASE 1 
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FEHROR FATAL EHRUk FLAG (L*Il 
JLAYR • tl•.lo UF LHEH8 CllHPLfTELY S!;OUPED BY hCH RUPECTlVE 

NI\ED 
NELE., 
PuR 

SCIJ\IH 

"' nso 
Zf.RO 

~FillMf_NT 0 ILAYH(Jl••1 FOR Q[POSITJON 
~Uti+I[H OF ~ED j.AlEHS 

• N011~EH ~F ELEMENTS 
P1lRJU TV 

SCOU~ HlTE {KG(PC}/MZ/OAY) 
• I'IElGHT Of .T+-4E dEO SEDIMENT 
• TlliCIOIE;SS OF TOP BEU LAYEH 

NOHMALlZlD IHU~CATIO~ fRROq • 

LAYER t~G/MO'l 

'" SIGNIFICANT OlGITS 

L'i~ENSliJ'! ALEF11Jl 1 AIIAO(Jlr I\{HULEV' 1 M.UCON•l), Hi(blr 
1 ~ED90f31 1 COL0(+-4XELEM 1 ~AXCON) 1 DEN8(3lo OfPO(~), 
2 ILAHI(J), 5((1t1Q(6J, 5U"'50(3)r IUMSOC£3)r l!t;T(3) 

0AlA lE~Uit.oE•~I 

FERIHHI • of AL.SE, 

l'~11lLAl"1(1} 

IP•JLlYR(C) 
I';J•ILA~ROl 

011 ( IJlll 1 j 1 
SltM5L' (I J I i~oJEPQ (I,) 1 
~u~snctiJl•UEP~liJtJJ 

, IF {HEDSfl( IJJ ,1_ 1 ,Q ,0) SliM~OC l IJ I•·~EDSU( t.ll +!iUo1SOC I lJJ 
, , , F I •J 

APil1 
ALEFI 

... H<L\LJ"l OF CHE,11C~L!I l Ef 1 IN lOP t!tO I.ATt.ll, 
... A"O'IJIIT (JF SUilME<ll LEfT P· TUI' !:<Ell L•YEII, 
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0005~ 

00055 
00056 
(lfl0'57 
00058 
oo osq 
(100"0 
OOObl 
QIJQI)2 

00061 
1)00bli 
00065 
()flObb 
l)l}()b 7 

1)0068 
(lfll)t>ll 

0(11)70 
001)11 
00072 
0(!073 
()fl 1174 
01!0 75 
IJO 071:1 
00017 
0007, 
O'IOH 
00 08{1 
000~1 
0()0~2 

or. 0113 
(1~(1'!11 

001'1"5 
on Ufll:t 
1)00117 
1)1)(11'11'1 

(1001\'1 
1)0090 
1100~1 

QIJ0~2 

0•)093 
00 I} 'I~ 
/1(1095 

00090 
110097 
011 091l 
1)('[199 

ootoo 
0(11 o I 
ootoz 
00103 
00104 
00105 
00100 
00107 
OO!nll 
o o 1 oq 

c 

c 

IJ!) tll•lol) 
-~AO<Jil•o,o 

• A.LEFT(ll)•o,O 
••• FIN 

IFCSCOUR(1)+8COliR(2J+SCOUR(3) 0 GT,O,O) GO TO 110 
T~P•(XNT(I)/~E~S(I)+~NT(2)/~E~8(2)+XNT(3)/0£H8(l))/ 

l (j,o~POR) 

T DE PO•IJEPO ( I ) ti:IEPU ( 2) +tJEPO ( 3) 
OtL•(THP • BDIVl/~DIV 
IF{TD£PD,GT 0 0 0 0 0 A.ND 0 A68CDELJ,LE,lERO) 

C••••*•••••************************************************** 
C IF ONL~ OEP09JTION OCCURS ANO THE TOP LA~EA HAl A t 
C THICIOif88 Uf BD!~oooTO A'IIQJO HOt\UGfNIZJNii TH! 01.0 * 
C ANI) t.IEN HUEHI&l II[ CREATE A NE:I'I ELEMENT llllTH * 
C ~NT(J) • o, ANU llffT(I) aND ANIQ{l) !QUA~ TO • 
C , OEPUS!lED ~aTE~IIL A~D CONTAMINANT R!SPECTIV!LY, * 
C•*********************************************************** 

nHt1l•Oo 
XNHiO•U, 
lfNT(lJ•O, 
"'BfD•'ItiEll+ t 
oo U•t 13l 

llffT{ l l •8lJ'I$D (I) tOEL TO 
A fUO ( I )a ijU~tSLlC ( I J tD!L TU 

• lF(REil811( I ) 0 GT oO,O) APAC.'(IJ•ARADU)•BEDSDUl•D!L TO 
• 0 ,FIN 

• t;t;,t TO C70 
0 o 0 F JN 

t••························································· C COMPUTES SEf)J,,ENr (lifO/Hi?) Af<.IU C(lNUHINANT (PC/H2) t 
C ~ESJUlNG I"' THE lUP LA~ER * 
C•*********************"****•••••••************************* 
110 If (JNoLT 0 0) JN•O 

ALEFl (1 hXNT( I) +9mo51.t (I l*OEl TO 
aRlO{ 1) •l.NT ( 1) tl:l ( '4l[O•J N, ll }tSitt190C ( 1) •O!L TO 
!F (~(0SU(IJ,Glo0 0 0) ARAO(l)•ARAO(I)•BE080(t)t0fll0 
l',.•ILHR(l) 
If !IPoLT,O) IP•O 
HEFT (oe!) •liNT(2 )tStt~SDC i?) tl:lEl TO 
A~AO(?J•t'IT(2lt~(~b!!J•IPo~)•SUHS0C(2)AUfLTD 
Jf(REOSU(i) 0 GT 0 0 0 fl) APAO(l)•ANA0(2)•bED~OtZl*DELTO 
JP • ILAY1'1(2) 
IF £1~ olT, 0) I~•O 
ALEfJ(jJ•l.NT(lJ+SUM!D(l)t~fLTV 

AH.O{l)•l.~T(l)*a(~~ED•J~,6ltSUMSDC(J)oDEL10 
JFC~EOSU(J),GT 0 0 0 0) AHA0(3J•AQA~(3)•R~08D(3l*DELTO 
JU • lLAYIHJJ 

c••••••••••••~•••~••••••••••••••••••••••••••••••••••••••••• 
C J~ SA~~ ~AS NUT SCOIIRfO t ((lMPLETE LA¥lH tLEFl(l) * 
C ANl) .t,fUII(I) -fiE C•H•PLET~l1 ilfTt:r~tiNf_tJ t 

C•***************************•*•*****~*•******************* 
JF (J~.LToiJ GO TO 270 

C***'*******~******•***'*********************'************* 
C IF SILT ~~0 S•~~ 'kt/91~~ (UfPUSlfltl't) A~E ~lfrll'~ t 
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00110 
00111 
1'10 112 
O()lll 
Ollllll 
001 t 5 
00 ll" 
00117 
IJO II ill 
1'10119 
tl(ll.i!ll 
001.?1 
OOIU 
(lfl!i!l 
00 I 14 
00125 
!Hll2b 
oo 1 C1 
00126 
nOIC''l 
(11!1)0 

no 131 
00 112 
OOIH 
0fll)4 
QO 1.55 
00 13t
fl0ll'7 
n'll" 
Ollt~<J 

0111 (10 
001111 
0(1!(12 
nn ltll 
no 1 •Ill 

oo I '15 
001 'lb 
O!IIH 
01'11 Jlh 

oo 141 
001!'0 
OU\51 
(1{115ii! 
00 ISl 
(1{11511 
O(;l~S 

ont')n 
llO I '37 
IH'\5fl 
llOI':JQ 
ont~o 

1.10 lid 
not 1.2 
out nl 
OO!t..lj 
01• lf:>S 

c 
( 

c 

14t5bl1t PAGE ooool 

T~E SAME LAY!~ ••• ALEfT(2)r A~D AUAD(~J ARE 
COMPLt:lEL.Y DETE'It41Uf[l ••• 
UTHEH~l8f JNCLUUf •CUIIIO~Al LAYERS 

• • • c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Jl'(lN.GT.lP) 

lPI" • lP +1 
IF (1P~ 0 fQ,OJ lYP • 1 
DO liT•lPP,li1J 

Nd • ~BEO • tT 
• 

I • 
• kNO • (t,O•PUR)/(~(N8rlJ/DENS(lltB(NBrZJIOEN8(i)+ 

B(Na,l)/UEN!l])) 
PEL.XNT•XNUt~OlVtB(N8r2J 

• ALEfltiJ•ALEFT(2) t UELXNT 
0 • .UU,(J(2)dRA0(2) + OELXNTti!(NIJ,SI 
.,,FIN 

,,,FJ'I 
c•••~•·••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C lf CL.AY ~NO SANO E~08JO~ (0EPU81Tl0Nl AHE WITHIN t 

~ THE SA~E LAYE~ ••• ~L.EfT(31 AND ARAD(1) ARE t 

C CIH•PLETELY PETfi(MJNED.... t 
C OTHE.flWlS( INCL,.UOE AOUITIONAL LAYE!f8 * 
t••••••••••~•••~••••••••~••••••••••••••••••••••••••••••••••• 

IF I IN,Gl,l~) 

• 

Jgl.l • IQ + 1 
IF (IQII,EQ,OJ li~Q • I 
00 UT•II~Q,JN) 

~R • NSED • IT 
• 

I • 
XNO • (1.0•PUR)/(A(NS,t)/UEN8(l)t8(N8 1 2JIUENI(ZJ+ 

8(NBo3)1l>ENSC')J 
DEL,.XNT•XNlltHOIVtR(N~rll 

AL.EFTOI • AL[Fl(]) 1' OELHIT 
AA~0(3) • ~~lOt!) 1' DELXNTt8(N8r5) 

, , • F 1 N 
• • ,FIN 

c••-•*•••••••••••••••••••*••••••••••••••••••••••••••••••••••• 
C E:o!HEIL.IS~t THE a "'ATRIX VALUES FOR THE NEI'ILY CREATE{) t 
C UEO ELEMENTS t 

t••··~······················································· i!70 tllNTJrjUE 
Rt • ~LEFT(!) t Altfl!21 t AL,.EfT(l) 
JIM • tALEFl(l)/f'EI·ISil) + AL.EFlt2liUENS(l) + AL.~ff(J)/ 

1 DlN~(J))I(l 0 1J • POR) 
I~ • Xi-1/t:!PlV 
WE~AlN •-n • J~·~~IY 
lFt~fMATil,GT,lEWOI I~ •lw tt 
t1f<EO ll"lliEIJ • I>~ • 1 
lf (JN 0ll,0) NOtO •N~EO•l 

•l11ED I • "tl[l' t 1 
~'t'E0l • "iKfiJ t Jw 
l)ll llll•l,.!} 

U2{lll) • •LEfTllll)/Hl 
I":ZUXHJ • 0,0 
lftl!2tiXJ,GT.7EiiiJ) f\2(1H3l ~ ~R~DilX)/AL.E~ltlXJ 

• o • t IN 
Cll (JY.•"fltD),r<~t.!J7.) 

I) I) (ll(lll, fl) 

B.6 



(FLFLS WERSIO~ 22.4b) 1~15&111 P~GE 00004 

oo lob 
00167 
IIOH-1:1 
001 t,q 
01)170 
001 71 
0017l 
no t7l 
OOIH 
011175 
00171. 
llf\171 
00 I 76 
OOIH 
001110 
00 I Ill 

zoo 

o HtiV,IX). • ~2(1X) 

o oooF!N 
0 0 •, IN 
N!lfO • IJflff) + JW 

II:YSO " REMAIN 
lf (RtM,t.JN 0 lE.lER11) X'I'SU • RPJV 
~EO • (ll~EO•Il * Rf)J'Y + XYSrl 
Jf {N~ED .GT, ~AXL~Vl 

OjRl TE.(b 1 200) Nt!f:l) 
fOff'1ATt2X, 1 0£PIHIITlON F.XCEfDS PERHIUJBLf RfO D!PT"' JN 8f.OH8T' 1 1, 

1. sx,•rJ~f.O•'.I51 
FEifffnR • ,TRIJE, • 

o • 0 F IN 

(fLEt~ V(~SJON 22.41>) 

-~~--·····-····························· 
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tFLECS V[RSIO~ 22.~0) 1~1001~9 PAQt 00001 

····-······························-···· 
00001 
O&O<Jil" 
11000! c 
oooott e 
oooos c 
OQOOI> C 
0001.)7 c 
00CHI8 C 
00009 c 
00010 c: 
000\l c 
00012 c 
00011 (. 
1'10!\14 c 
OOIH5 C 
0001'> c 
0Cl017 c 
000111 c 
001)19 c 
OOOi!O C 
00021 c 
Q0022 c 
I'IOOll C 
OOQ2~ C 
00Q25 c 
0001& c 
001)27 c 
000i!8 c 
OOOi'J C 
1)1)1)30 c 
ooo.u c 
tiJOl2 C 
ooon c 
IJ(HlJ~ L 
011015 
ono1o c 
OtlOl7 
OOOjfl C 

OOOH 
00(,1140 
OOO'll 
()0042 
Ot04] C 
00(,1/llj 
HOOi115 

0<10'10 
IJ00<17 
ono11H 
(100'19 
<.lll0'5ll 
UH0'51 
OOn'52 
Ollll5} 

8U8RCHJfiN! COLB'I'(AL.EH, c, OEL,t, 050, H'f,l,O, N!L!M, ;yor, 
I f!HPR, VOL., li81, ,!RROR) 

THIS 8U6ROUTJNE USES COL~Y'S M!lHOO TO CAL.CUL.AT! TH( CAPACITY 0' 
THE FLO- TO TRA~SPORT SANDo 

INPUT PAHAMETEH81 
At. EN 
c 
D!LZ ... 
~~o\U 

IIIEI.E14 
QTOT 
TEMPR 
v 

'" 

• SEG14E~T L,!NQTH 
• ~OOAI. VALUES OF CONCE~lR,l,TlOIII 
• 8TANOA~D ELE~F.NT THICKNESS 
• 11f01AN BiD SEOIHENT DIAMETER ti4J 
• HYDRAULIC RADIUS 
• NIJMKER Of 'I'EMTtCAL. !LEHfNTB 
• TOTAL. fi.D~ wlTHJN TH! SEGM(NT 
• WAlE~ TE~PtKATURE 

• A~EHAGE \I[I.OCIT'I' 
'I'UL.U"'E: 

QUTPUT PARAMETERSI 
GS1 • TOTAL. SAND THANSPORT 
FE~MOR • fATAL. ERKQR fL,l,G (L•l) 

CALLED tHI UNO 

THE COLBY METHOD HAS THE fOLL.O•lNG UNITS AND 4PPLICABL.! RANGES OF 
'liAR U~tl.e8 o 

A'I'ERlGE ~!L.OCITY 1011 , 101 , 101 ,~ 0111 , 01 fPI 00 otottto1•lO 'PS 
HYDR4UI.JC R,l,OJU8 01 o1 ooooooooofHRAO,,,fT 1 , 11 ,,,, 0 ol•lOO FT 
~ATEM 8U~FACE "l0TH 0 , 1011101 ,~ 1101011 fl 0 , 00100111 
MEDIAN BtD MATERIAL 81ZEoo 10 ,08SD 0 ,,,M"'•••••••••o0o1•0,8 HM 
TEMPEkATURfoo••••••••••••••o•TMPR.,,,0£8 F1 oooo 11 ll•l00 OEG 1 

FJttE SEO!Kf:I<IT CONCENTRAT10N11 f81.oootof'IC/L.ITEH:, 11 oO•Zd0000 PP!II 
TOTAL SEDIMENT LOAO,,•••••ooo68loooooT6N,,,,,,,,. 

LDGJCAL.•l FERROR 

DHit.NSlON 
I 

C(MX[L[M,M,l,XCUNJ,CF(SJ,DF(IO),UG(qJ,OP(IllrD5UGt~Jr 

,(5,10), G(qr6 0 &) 1 ll(ZJ, JJtZ), KKtZJ 1 Ptll), ltfrq), 
TEHP(7) 1 ¥G(BJ, X(Z,z), XA(Z), Xtf(Zlo Xft2oZJ, ' ' XG(?), XT(Z,Zlt XX(2} 1 YY(2J 1 ZZti) 

UATA Gtl,l,,),G{l,ltlltG(lrl 1 1) 1 Q(q 1 1 1 1}/l 0 0, 0,30, 0 0 0b 1 0 1 00/ 
D~T~ b(1,2,t),Q(2,Z,llrG(3,2 1 1),G(iii 1 Z,ll/3 0 00, 1 0 ]0, 2,50, Z0 1JO/ 
OATA G(I,J,t),G(2,3,tJ,G(l,l,t),G(q,),lj/5 0 40, ~.o, to,n, Z0 0 0/ 
UATA G(t,ij,1) 1 G(Z,4,t),G(3,4 1 l),G(4,4rll/llo0, Zb,Or 50,0 1 1~0,0/ 
O~TA G(t,S,l),GtZ,So1J,~(3r5,1),G(4,S,lJ/l7or q~., 130,, 500 0 / 

o•lA G(t,0 1 t),G(2,br1l,~(5,b,t),G(4,b,l)/~9,r lOI,r 400or ll5U 0 / 
OATA G(t,7,t),GCZ 1 7rlloG(3,7 1 1),Gtq,J,\)/44,,\00•'700,,2500 0 / 

tlo\lA i.( I 1 6, I) ,Gli:!, ~. 1), G(l 1 t1 1 1), (;(4, 6 1 1 }/1)0 0 t2i!U 01 1000.,q40Q 0 / 

~ATA Q~t,t,2),G<Z•1•2J,Gtlrt,l),Ht4,1oi1/o.36, o.ob, o,n, 0,0/ 
Uo\TA H(1rCr2),~(2o2tCloG(3,2,2),~(4,2ri!J/I,bO, 1 0 l0r 0 0 b5, 0 0 10/ 
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000511 
ouoss 
OIJ056 
001157 
1)<}1)58 
000'5 .. 
(lll<l60 
1}01161 
OOil62 
0 •10,0,3 
OUOI!II 
onuo'i 
uo 066 
OUOb 7 
01)<}1)1; 
00069 
00070 
0001t 
oo IJ72 
000 7.5 
0110711 
Oll07'5 
OU01b 
00077 
Ot1078 
OUU7Y 
Ol/080 
O!'JIHII 
ovo~~ 
0•1081 
000~11 

llll0d5 
OllOIH, 
00061 
OUOI'I!J 
00069 
00090 
Ofi091 
Ull092 
0009J 
00094 
OU095 
00096 
00097 
OIJ098 
00099 
00100 
00101 
OUIOZ 
Of\ I()] 
00104 
oo I ll5 
0 0 lOb 
O!l I o 1 
OQiotl 
OUIU9 

c 

' 

c 

I 
2 

' 

OAf' G(I,J,z),Gt2,J,2lrG(l,J,ZlrG(~,J,2J/J,70r 5,r 4,, 31 / 

OAT' ~(J,4 1 Z)rG(2,4,2lrG(lr4 1 lloG(4,4,2J/10 1 r l6tr SO,, 52 1 / 

OATA ~(lr5 1 2lrGC2r5 1 2lrGCl,5,ZJ,GC4r5r2l/17of 40,, eo,, 160,/ 
UATA G(lrb 1 2J,G(2r6rllrG(J,6,2),G(4rbr2J/16or 95or 230,, 650,/ 
oAJA G(I 1 7,2) 1 G(2 1 7o2j,r,(3,1 1 2loG(4,7,ZI/60,, ISO,, 415,, 1200,1 
OATA G(lr8 1 2),Q(2,6 1 ZJ,G(lr6 1 2JrG(4,8,2)/81tt 215,, 620,, ISOO,I 
OAJA GCir1 1 llr~t2rlr3J,G(l,!rl)rGl4olrll/b,14, O,o, O,O, 0,01 
O~TA ~(!,2 1 3),G(Z,~r1) 1 G(l 1 l 1 1),;[4,z,3J/1 1 r 0,60r 0,15, 01 0/ 
DATA H(1 1 l 1 }) 1 Q(2 1 3 1 ]j 1 ~(~ 1 ] 1 1) 1 G(4rlrlf/) 0 10r ),00 1 1 1 70r 0,50/ 
O'TA G(l,4,l)rGt2r4 1 lJrG(l,4,3),G(4,4rl)/11~r l!or 17,, 14,/ 
DATA G(I,5 1 ]J,G(Z1 5o1JrGIJ,5,)J,GI4r5rlJ/lO,, J,,, 4,,, 76,1 
OATA ij(l,o,3J,Gl2r0 1 JI,G<lrb 1 J),G(4rbrll/44,, 85,, ISO,, 250,1 
OAfA GI1,7,3),GC2r7r3J,G(lr7rl),,(4,7,3J/71,r 145,, 290,, 500,1 
DATA G(1,~ 1 ]J,GCZr6 1 1J 1 Q(l 1 8,)),G(4,&,lJ/IOO,, !Dl 0 r 400 1 r 700,1 
o•TA G(1,1,4J,Gt2r1r4J,G(l,!r4)rG(4rlr4j/O,Or O,O, OoOr 0,01 
D'TA G(I,2 1 4),GIZr2r4lrG(l,lr4),G(4r2•4'/0,10r O,lOr O,Obr 0,0/ 
l>~r• G(I 1114),Q(Z11,4J 1G(lrlr4JrG(4rlr4J/2 19, 21lr t,o, 0106/ 
UATA G(l,ij 1 4)rGC2,4r4)rG(lr4 1 4),G(4r4,4)/II 1 Sr tJ,, ll,, 1,1 
DATA ij(l,Sr4lrGt2r5r4J,G(l,5,~),Q(4r5r4J/2Ztr lltr 40,, SO,/ 
DATA Y(l,0,4),G(2r6t4l,~(J,6,4),W(4r6,4f/47,, 80 1 , 135,, 210 0 / 
DATA G(1,t,4)rGC2rTt4j,G(3,7,4),G(4,7r4j/75,, 140,, z•o,, 410,/ 
o•TA GCI 1 8,4),GCZr8 1 41 1 GC3 1 A1 4J 1 Q(4 1 1r4J/I06r ItO,, JSO,, 6)0,1 
OATA G(i,t,S),Gt2rlr5J,G(),t,5),G(4rlr5J/0,0r O,O, o,o, 01 0i 
~ATA ij(I,Z 1 5),GC2,Z,5J,GClr2r5) 1 GC~r2 1 5ii0,44 1 o,06r o,o, 0,01 
DATA GCirlr5) 1 Q(2 1 ),5JrGt3,],5)rG(4rlr5J/2 1 8r lolr 0,6, 0 0 0/ 
OATA GC1,4,S),G(2,4,5J,Q(J,q,S),G(4r4r5J/I2 1 r lZ,Sr to,, 41 5/ 
nATA G(I,5 15) 1G(Z,5r5JrGClrSr5),;(4,5 1 5)1a4,, ]0,~ 3Sor lf,l 
OATA G(1,6 1 5) 1 G(2 1 6,5J,G() 1 01 5) 1 GC4 1 6 1 51152 1 r 10, 1 120 11 190 1 / 
OATA.G(lr7 1 SJrG(2,7rSJ,G(J,?,S),G(4r7 1 5j/8J,r 180,,.215 11 )80,/ 
04JA G(1,8r5JrG(Z,~r5lrGClre 1 5),G{4 1 8,5J/120, 1 tto,, lOS,, 550,1 
uATA d(t,! 1 6) 1 GC2tlr6),C(J 1 t,6J 1 GC4rlr6J/O,Or 0,0, 0,0 1 0,01 
UATA W(lr2r6),Q(2r2rblrG(J,z,~),Q(4r2r6II0,3r 0,0, 0,0, 0,01 
OATA G(lrlrO),GCZrl,birGClrl,D),GC4,],6JIZ,9r 11 1, 0,3, 00 0/ 
O~TA G(1,4 1 6lrGCZ,4,6)rG(lr4,6),G(4,a,•J/t4 1 r llor 7•7r ),01 
DATA W(I,S,~),G(Z,S,bjrG(l,5,b),G(4r5o6J/27,, 29,, )0,, ]0 1 / 

UAfA G(1,6 1 6),GC2r6r6J,G(l,b,b),G(4,6,6JI57or 75,, (10 1 r 170 1 / 

o•r• GCI,1,oJ,G<Z,7r6i,G(l,7,6J,Gt4,7,6il90,, tao,,·zoo,, -330,1 
DATA G(I,~ 1 6J,G(2,8,6JrG(ir8,6)rGt4r8rbJ/(35,, ~90,, l90,r !20,1 

DATA F(l,llr~Cir2JrFIIr1Jr'ctr4J,r:(I,SJ/Ior lolr 11 6r 2,6, 4,21 
D'T~ FC1,2JrFCZr2loF(l,zJ,F(4r2J 1 ,(5 1 2J/1 1 r l.t, 1,65, 2,75r 4,91 
DATA FC1rll,f(2tl),F(lrlloFC4o)J,F(5,3J/1,, lolr 1,7, 3,, 5,51 
D'TA f(lr4JrFC2t4l,FCJ,q),F(4•4) 1 F(5,q)llor I,IZr 11 9, l 1 br 1,1 
DATA FCt,;),FClr5),F(lr5)rF(4,5J 1 FC5 1 5)11, 1 l,l7r 2,05r 4,3, &,71 
DATA F(l,b)rF(ZtblrF(l,bJrFC4rbJ 1 F(5 1 b)ll 1 r 1,2, Z,J, 5,5, ll,Z/ 
DATA FClrTJrF12o7J,Ftlr7lrF(4,7),F(5 1 7)11.r lo22r 2,75, 8,, l2ol 
DATA FCI,~),F(2r8lrFC3r8)oFC4t8J 1 F(5 1 8)11,, 1.25, ],, ~.b, 2,,1 
OAT' F(l,9)rfC2t9),F(jr~),F(4r9) 1 F(5 1 9)/I,, 1,3, 1,5 1 12,, 43,1 
OAlA F (I, IO)rF (i?r I~J)',F UrlO) 1 F(II 1 10) 1 F(51 10Jil.,lo41 4 0 91 22,i ll0 0 1 

I)AH T 

DATA "' 

11,2r 1,15, t,IU, n,96r 0,9~, 0 1 85 1 o,~z, 1 1 35, 1,25 1 

1.12, 0.9~, u.s~:~, o,au, o,75, t,oo, t,4o, 1,2o, o,89, 
o,ao, o,7z, 0,&6, i,uu, 1,65, t,Jo, o.as, o,1z, 0,61, 
o,so;t 
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oo II o 
ll(J 111 
00112 
001 13 
oo 114 
00115 
oo 116 
1.1!1111 
0011B 
0011 q 
00120 
011121 
00122 
Olll i3 
oo 124 
oo I 25 
00 12b 
00127 
00 l.?A 
IJO ll'l 
Ollllo 
O•ll] t 
00132 
O!llH 
001l4 
uons 
00tlb 
00 llT 
oone 
ootH 
00140 
00141 
00 142 
tlOfiU 
OO)tl!~ 

Ool4S 
OOilib 
f)(q 47 
Oli\IHI 
Qt• I 119 
t10 I SO 

00151 
oo 152 
oo I '51 
1}01511 
00155 
llOISh 
0(11 '37 
00 158 
0(1 1 '59 
OOihO 
00 1h I 
oo I t>2 
00 I t-3 
oo lb~ 
00 I 65 

c 

c 

c 

c 

c 

c 

c 

c 
c 

' 

' 

' 

' 

I 

I 

15100159 PlG! 00003 

zo,oo, I,EU 

!.llTA " /9,00, I,E4 1 '5 0 E4, t.Fs, 1,5E'5/ 

tJ" T ~ P /O,tiOr o,qo, I o 0, I , o, 0. 8), 0,60, 0,40, O,Z'J, o,u, 
o,oq, 0,05/ 

u.q.t OP Jo,to, 0,1 ~. 0 0 i!Or o, lo, 0,110, 0,50, o,oo, 0 '70, 
o,liO, 0. 90, 1,00/ 

ll.ll.l OG 10,10, 1 • 0 0, 1 0 ,o, 100,1 

()l T.l VG/l,Or t.s, 2, o, ] • 0' 41o0r b,0 1 e,o, 10,/ 

OlT" o;OGIO,lOr o,2o, 0. ]0, 0,110, o,~:oo, o,BO/ 

ll-.T.l TEMP/32,, 110, 1 50,, 70,, 80,, 90, 1 100,/ 
v~5o • uso • tooo,o 
FHR/I.D • IIIU.O * 3,280831 
T~PR • TEMPR * 1,~ + 32,0 
v • (QTUT 11 ~LEN/VOL) * 3,7q75E•S 
~ a VOL/(HA-DII.lLE~) II 3.2~08]3 
,... FSL,,,,f'JIII[ IEDJMENT 11,£, tOHt'8hE 8EOU1!NT OR ~ASMI I.OAO 

I~ MICRO GR.li'\9/LlTE~ "'** 
F!IL • 0,0 
OU (Jlt•1 1 NEU.t1l 
, FSL • ~SL + o,S•ICIIX,Z) + t(JX+IrlJ + Ctlltr3) + CllX+lrl)) 
••• f 1 Ill 
fSL • fSL/NEI.EM * 1000,0 

lF((DtiSU ,I.T, OSOG(I)J ,OR, (08'§0 ,!iT, VSOfi(bl)) 
ft.~RUR • ,TRUE., 

, WRlTE(b,l) 
fOHMAT(//I0)( 1 111UU I"ATAL Efif{OII: •• 8\JBHOUTINE COLBY •uul) 

WRllE(ilrZ) 
, fi'OkH.I.Tt10Xr'••u• I)OlJT *****') 
,,,FIN 
lFIIfHHAO ,LT, UG(lJ) ,OR, (FHH.I.U ,GT, UG[4))) 

FE.A~OR • 0 Tfh.IE, 
-«HlH..(br\) 
toR)lt:(l'l,l) 

, FURI1lf(10X, '"'*~~'** ROUT *•**"'') 
, , , f I J>1 

JF({V oLT, VG(ll) ,OR, (V ,GT, ~GIB))) 

0 ftHROR 11 ,TkUE, 
lo'Hllf.(b,t) 
WIHTEtb 1 4) ~ 

, fORI1lT(IOX, '••*** YOUT **"'**'oflO,S) 
••• t 1,.. 
UNLESS (Ff.I~ROI.') 

l~(T~PH ,LTo 3d,O ,OR, T~~M ,GT, 100,0) 
, Plf'l~ a J2, o 
• , , F l'< 

, JOI II ll 
1 Pl· a U 
tltJ Ucl,!) 
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001 l)b 
001 ... 7 
OOIM 
oo 1 1'>9 
001 70 
O<J! 71 
ilO 17Z 
ll011J 
00171.1 
00175 
on 17t, 
00117 
oot7e 
oo 179 
on 1110 
OOIIH 
OIJI~i! 
Oil liB 
iJOII\1.1 
001115 
1)0 1 Ill, 
001A7 
Oillllfl 
l)(l J 8~ 
00190 
on 191 
001<;12 
001 V3 
O(ll~l.l 

0 tll <;15 
(II) 1 'l() 

001<;11 
OO!llll 
Oil I qq 
00200 
oo2il 1 
00~02 
(J<JlGJ 
0•1i04 
<H•2u'5 
QO~flb 
002•17 
·11JlOtl 
0 J2fl9 
01!.?111 
vo211 
00212 
00213 
00211.! 
0'.1?1'5 
0021 b 
o02t1 
on2111 
(lOll Q 

002?0 
on at 

II' 

118 

122 

'" 
'" 

127 

'" 

• 

• 

• 
• 

• 

• 

I • 

'· 

If {IFI'Iolol!l ,f.E, 
101 .: I 
lfi;? II hi 

• E;U r•J 11£1 
0 0 0 0 f J I< 

, , , FIr~ 
CV"< TI I; !It;. 
I ill • 0 
I '12 • o 
1'0 <I•lr1l 

IF ((Y ,Gf, ~GtllJ 
I 'II • 1 

,ArlO, ('I oLEo Y!Hl+l>}) 

IV2 • Itt 
GO TO Ill! 

, , , 0 f IN 
•,, F l!'j 
CDrlTJNUE 
IDSfJt • 0 
Jf)502 • 0 
DO CJ•l•Sl 

IF ((Dh5Q ,GE, DSOG(Il) ,ANO, (0850 ,LEo U50G(J+1J)l 
10'50! • I 
IfJ5o2 • I+l 
G011122 

, , , • ~ 111 
,,,FIN 
t:ONTJ .. uE 
11(1) • 11.11 
UUJ • Ill?. 
JJ(IJ • IVI 
JJ(oi!) • !V2 
K~(l) • 10501 
lll(t2J • tD<;OC 
no (ht,i?J 

• 

• 

• 

II • lltil 
XX(l) • ALO~ID(D~{IIJ) 
UQ (J•lr21 

.11 • JJ(,JJ 
VY(J) • ALUG\O(~~(JI)) 

0 IJO (ioi•lri} 

• 

• 

K I • I< I< (I', J 
ZZ(I<J • ALOGI0(050GCi<lJJ 
IF (G(llrJI,I<IJ•Oo) t2Jr123r127 
CDNll'~UE 

Q(J (Jl•Jt,7) 
IF (~(ll,Jl,K1)•0 0 ) Ii?~rll~,126 

, Cli'•TINUE 
• • • F J '>i 
cnriT J "11~; 
)'(J,Iq • ~LOG!O(Gfl!,Jl,KI)Jt(ALOGIO(~G(JIJ/VG(J3J))* 

(ALOGIO(n(JJ,JltJ,I<IJ/G(JirJl,K1JJl/(ALOG1d(V~(Jl+l)/ 
Vf,(Jlll) 

Go To tlb 
crmTI:1uE 
•(JrKJ • ALY~IOtGttt,JI,~l)) 
CONTJ·IUE' 
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00222 
00223 
oozz ~ 
OOU5 
(>0226 
0'1227 
Ol>22~ 

OOU9 
0112]1} 
00211 
U02!2 
oozn 
liOl!U 
OOi?lS 
01,1231:1 
00i!37 
00236 
0023Q 
0112au 
0<12<1 t 
00202 
002H 
0024<1 
002115 
00c!'~b 
002111 
002~8 

002«9 
0(!2')0 
OOi''i I 
OQ2'i2 
OOi?'B 
oo2sa 
00255 
o02Sb 
00257 
ll02';6 
002SQ 
0(121:10 
002&1 
00262 
00203 
002b4 
002t>5 
0 026& 
00201 
0021>~ 

00269 
0~21 () 
()0271 
011272 
00271 
Oli0!:1tl 
OIJ27'5 
00276 
011271 

' c 
c 
c 
c 

'" 

c 
c 
c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o • 10 FIN 
o o 0 f IN 
AD • ALOG1Q(UHSI.l) • ZZtlJ 
XNI • X(1Ji?) • 1(1,1) 
~Ni? • X(i?o2) • X(2,1J 
~DEN • ZZti?l • ZZtll 
XA(l) • X(1 1 1) t XNI•XD/~OEN 
XA(2) • Xt2 1 1) + XN2*X0/XOEN 
~NM • XA(i?) • XA(IJ 
XDY • YY(2) • YY(l) 

• l(G(l) • XA(I) + XNM•XII/XO)' 
••• l'lN 
XNk • XG(i?) • ~Gtll 

XD • ALOG10(FHHADJ • XX(I) 
xoe;N • .0:(2) .. XX(IJ 
GTUC • XG(I) t ~~~"'•JCO/XO[N 

GTUC • I0 0 ul~T!JC 

••• ~TUC JS UNCORRECTED GT lN L8/SfC/I'T ••• 

••• NEXT APPLY FIN! SEOlMENT LOAD AND TEMPERATURE CONRECTIUNS ••• 

~~EN (lMPR 0 [Q 0 oo.) CFT • 1 0 0 
ELSE 

Ill • 0 
• lTZ • 0 

00 tJ•1,6l 
• • tf ((IMP~ 0 GE. TEHP(l)l .A~D. lTMP~ .L!• T!MP(ltl))) 

IT I • 1 

• 

• 

• • IT2 • 1+1 
Go TO 13& • 

0 • 0 of IN 
• • .FIll 
trJNtlNUE 
Kl(l 1 1) • ALOGIO(T{lTlr lOll) 
~T(l 1 l) • ALUG10(f(JlZ,l01)) 
XHl,Zl a ALIIGIO<T(TTirlOlll 
ATt2 1 2J • ALO~lO(T(IT2,1UZJl 
XNT • ALOG10(TMP~/lEHP(lll))/lLOGl0(1£MP(lli)/T!~'(lll)) 
XCTtll a Xl(t,ll + XNT*{X1(2,1) • XT(lrl)l 
XCl(2} a XT(l,2) + X~T•tXTCZ,2l • .ICT(1,2)~ 
CFT • XCT(I) t (XCTCZJ • XCT(l}ltXU/XU~N 

• CFT • lo.•aCFT 
••• F u~ 

~Ht~ (fSL 1 L! 0 10 0 ) Cf~•l.O 

tLSE 

• 

• 

• 

1U1 • 0 
1!12 • () 
UU tlal,q) 

• 
lf{(FH~An 0 !if. 0 

IPI • 1 
{112 • 1+1 
(;{• TO 1112 

Of(Jll 0 At<O. FHRAil oLEo OFUtl)) 

8.12 



(Fl~CS VEASJUN 22 0 4~) 

00276 
()1121'1 
002M 
110281 
002H2 
Q(li:!al 
0<12!:1q 
O!Ji!6S 
IIOi!ilb 
O<Ji!(l-1 
Otli!l\1\ 
I)OII!Aq 
Qfli!q'J 
oozqt 
01)2<;12 
OIJi!Y] 
1}()2<;1~ 

<HI2~S 

002<;16 
0()21f7 

1102YB 
002'111 
00]110 
0011!1 
00]02 
01})1)] 

llo3oq 
OO]ll'!i 

00)1)0 
OO.Jo7 
OO]OA 
OlU09 
oo:uo 
00111 
00]12 
00 lll 
tlolt 4 
00 ll '5 
00]11:> 
oo:u7 
0011'1 
00)19 
Otll20 
00121 
Old22 
00)2] 
IHU2" 
00)25 
0012b 
00]27 
OOJC!II 
00]29 
00310 
001]1 
001]2 
OO]l] 

,,, 
5 

1118 

ISl 

c 
c 

• 

• 

• 

• 
• 

o o 0 0 F 1 N 
• .,F I~~ 
CONTINUE. 
~H~N CFS~ ,GT, 1,Et5J 

<~RITE(b,SJ 
FOIHIAT(//IOX,'UUil SUH~OUTJNE COLttY •• I'SL IIII!NT J> t,h51J 
JFt a <1 

o IF2 • '5 
,,,F'IN 
ELSt: 

H"l • 0 
• lFi! • 0 
, UO (la\,4) 

• 

IF ((rSL .~E, CF{J)) ,A~O. tFaL ,LEo Cl"ti•tlJ) 
IF 1 a I 

, IFZ a It! 

• • GO Til 146 
0 ,.FIN 

• "'I" I"! 
, CONTINUE 
, ,.FIN 
.1"(1,1) a ALOGIO(F(lfi,JOIJJ 
XF(i!,ZJ a ~LUG10(F(JI"2,102J) 
(F(l,i!l a ALOGJO(F(IFI,IOi!)J 
XF(i:!,tJ a ALOGIO<FCID2,JOtJJ 
XNT a (F!l • CF!II"J)J/(CFCIF2) • CFtli'IJ) 
I(CT(IJ a XF(I,ll + XHT*(I<F(Zd) " )(F(ld)J 
XCTCZJ • Xf{J 1 2J • XNT•(~FC2,2) • XF(I,l)) 

o· .NT • ALOUIO(fHHAO/OFClDIJJ/ALO~lOtOFCl02j/OF(lD1J) 
CFF a ~Cf(l) + ~NT•C~CTC2J • XCT(I)J 

• CFF • lG•**CFF 
,.,FIN 
TCI" • CFT • CFF • 1,0 
CFO • 11 
U~LESS ((0~50 .GE, U,20) ,ANO, (06~0 ,L!, 01 30)) 

lP 1 • 0 
IPZ • 0 

• oo <Ial, 10) 
IF {(0~5U ,UEo DP(JJJ .A~D. (0~50 ,LE, OP(!+IJJ) 

• 
Jf'l • r 
IP2 a Itl 

o GO TO 153 
• • ••• FIN 

.,.FIN 
• CONTINUE 

P2 • ALOGIO(P(JP2J) 
1'1 • ALO(>IOCP(lPIJJ 
~NT • ALOGIU(UaSO/OP(lPI)J/ALnGtO(OP(lf'Z)/UP(IPIIJ 
Ct~ • PI t XNT * (P2•PI) 

• CFU • IO,*~CfD 

, , • F 1 '' 
HF • Cf"l) * TCF 
'fF • FFF + 1,,, 
GSI a ~FF * t;JIJC 
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001311 
OOHS 
Ot'IHb 
00337 

• GSI a GSI • z.q70l2Rftl 
•••FlN 
Ill; TURt~ 
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00001 
onoo~ 

000!1] 
OOOtHI 
00005 
00006 
00007 
110 11(16 
000111) 
flOilJi) 
ooo II 
011012 
0(10 I l 
OllOtll 
00015 
oo 0 lo', 
Ofl!ll7 
000 I !I 
000 1 ~ 
0(}020 
OOIJi>l 
00 0~2 
{11)0.;!] 

0 011211 
{10025 
OOO~f. 

0(1027 
000-:!!1 
000~~ 
0 00](1 
0(10 11 
OllOJ2 
OOOH 
1}~0]1.1 

00035 
OOOlo 
000] 7 
001))~ 

000}9 
ooouo 
1100'41 
00042 
01)011] 

OOOtiQ 
OOOIJS 
0(10'11:1 
00047 
0 flQIJ~ 
000~9 

00050 
OO(l!i I 
()(1{152 

1)0 115] 

' c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

6UijRQUT1N~ COLLAP(ALEN,~RfArCrD~LZ,El.ri~L~,K,NfLE~r 
t CF.LCTRrTMA$SrA~Jo,~S~T,OFZrCNO~(,XIARf4) 

INTERPRETS INITIAL CONDITION~ 
Cli'OSS•eECT I O'l 
S~OI~ENT CONCENTRATIONS KGIM] 
PARTit.:ULATE Cfl~CENTR4TlONS PCIKO 
OI5SOLVFO CONC~NTifAflQ;~IJ PC/14] 

ARRIVES AT BOTH 
NUOAl. CUNCE~TIO, fiONS 
ELEMENT AVERAGE VALUER 

~UTE tl.•DELZ*WRIEZJ MUST Br ~ 0 

REAL ~SA~rHS6Rr~SA1 1 MSBl 

INCLUDE 1ELMSJZ 0 PRHt 

IJ 1 ME N8 HIN A j:Jf ~ ( M)(f:LE M}, C ( fo!lt!LfH 1 MA XCON) 1 U:L/1 ( MXEL! tot) 1 

1 tl,(11XElfM},CELCTR(MXELEM 1 MAXCON) 1 TMAIIrHAXCON)r 
2 A~IO(HltELEMJr~S!liJ)rDrZt4J,CN001(MX!l.tMrMAXCON), 
3 lt!.REAC"tltfLEMJ 

'IU:N•I.IAI.EN 
El TOPaDEI.Z 
J<ldRfA(JJ•ALEN 
J<J .. Rf,t. ( 2h61.F_N 
tlfLE~•EL C 2J•El. (I J 
ChCClriO 
C:J•C:(lri<J 
NEI.MBT•t 
'1 SARa IJfLf V.· ( CJ*WJ I J. +C J*W Jib • +C I Uj Jl6 • +C I UIIIJ t} 
,.sa~ao, 

T>tAIIS(It)aO,O 

(F(K 0 NE 0 7) 

GI•C(J rK+JJ 
GJ•CI2rKt3) 
co~•1,112. 
F'·'1SA Hat.lfl..f. v* I • 25 * ( WJ •CJ•GJ + w I *t I •G I) 

to +COtla(WlJIIC.hGJ+WJ•Cl*GJ+,jJ•CJ•GI 
2o Wlatl•~J+WJ•CJ•GJ+WJ*Cl*Glll 

P'181Hiao. 
• TM~SS(I<t3)•U,O 
0 0 • F J N 
llO(hirNflfM) 

IJfLMH'•IELM (1 J 
ELlP•FL(NfLMTP+IJ 
F.LI~ hE I. ( N(l"' 1 f> J 

• WjaARE~(NEI.MTPl•~LEN 
.. ,Jdf.'EA P•EL"'lP+ l) *IlL EN 
CI•C(Nf.L,Mll'rK) 
CJaC{NfLMff'tt,~J 

F AC-1• H l Tl!P•lL~ f) I ( tl ff'oo!;LI' I J 
• fAC2•(fLTP.,fi_J•WJirtlTP•I':L"TJ 
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(FltCS ~ERSJON ZZ,40) 14156124 PAGf 00002 

fl0054 
OOOS'S 
00050 
unos7 
!)(I 058 
00059 
00 OMI 
00061 
flUObC: 
OUOf>l 
onot.a 
00005 
oouoo 
00067 
JU008 
ooooq 
0001(1 
0 IJ071 
0 IJ07 2 
ooon 
000 74 
00015 
0 UQ 111 
00017 
Q{IIIH 
00117q 
000110 
000~ l 
0001:12 
OOOA) 
(HlOll~ 

(100~5 

{100116 
1)0()117 
00088 
0001:\q 
nooqo 
ouo•H 
OUO<J2 
onuq) 
000'111 
(IQOq5 
oouq& 
Ot.I0\17 
Oll0Q8 
OOOQQ 
00100 c 
00101 c 
00102 c 
00103 
oo I 011 
OOI!J') c 
llOIOt> c 
ooto7 c 
flfll 0~ 
outuq 

• 
• 

I • 
• 

I • 

• 
• 

I. 

'· 
I • 

'· • 

• 

• 

• 

• 

• 
• 

• 

• 

• 
I • 

'· 
• 

• 

• 

CTOP•CJ•FACI+Cl•FACZ 
~fUP•~J•FACI+~I*FACi 
HIA T • ( £L. TP•EL 1 Of')* ( C Jfi~J/ 3 o tr J flllll OP /0, +C TOPfiMJ /lj, 

tCTOP•~lOf'/l,) 
HSHl•(tLTOP·~L.Hf)fltCTOP•HTDPil,+CTOP*Ml/0 0 

+Cl•WTOP/b,+Cl*~l/3,) 
lf(l( ,NE, 7) 

GI•C(NELHTP,~+]J 
, GJ•t(NEL~TPtt,K+]) 

GTUP•GJ•FACI+GlfiFAC2 
• PH!AT•lELTP•ELTDP}fl(,25fi(WJfiCJ•UJ+MT0PfiCTOP*GTOP) 

+CON*{~TOPtCJ•GJ+WJ*CTDP•GJtHJfiCJfiGToPt 
WTOP•CTOP•GJtHTUP*CJ•GTOPtMJfiCTOP•GTUP)l 

PMS81•ltL.TOP•EL.~TJ•[,25*(HfD~•ttOPfiCTOP+HlfiCifiQJ} 
+CON*(~l•CTO~•GTO'+~TOP•Cl*GfDP+MTOP*CfOP•~l 
t~TOP•Cl•Gl+"l*ClDP•Glt~l*Cl•~TOP)J • 

o 0 ,FIN 
INDIC•~E~MTP•NELM~T 
CMASS•U• 
PMASS•O• 
1F(IN01C .EQ, 0) 
0 C~A8S•HS8l•M888 
o 1P[K 0 NEo 11 PM•SS•PMSBT•PM!SBK 
o, ,FIN 
lFUNiliC ,GE, 1) 

t"US8•M9ttT t~SAB 
• 11"(10.: ,NE 0 7) PIH,tsaPMSIHtPMS,\8 
, , ,F lN 
IFUNillC ,GE, 2) 

• 

• 

UOtJ•NElH!:iT+lr NELMTP•ll 
CI•C(J,K.l 

• CJ•CtJ+Ioll.l 
WJ•ANEA(J)•gLEN 

o o WJ•AREA(J+l)*8~EN 

• 

• 

C HABS•CMA SStOt. ~E V* ( C.T• lo!J /3 • +CJ fl w 1/0, +C I flliiJ I Ill 0 +C 111 Wl/3 el 
o If(~ ,NE, 7l . 

• 
o liUC(J,K+l) 

GJ•C(J+lrll.+ll 
o PMASSaPHASStOEL.EV•C,25*(111l*CI•GltWJfiCJ*IiJJ+ 

CONfi(MI*CJ•GJtftJfiCl•GJtwJ•CJ•GJ+. 
)IIJfiCI•GitwJ•CJ•GI+"I*Cl*GJ)) • 

o o 00 F IN 
o o o .t 1 N 
•, ,FIN 
lMA55(K.)•TMASS(II.)ttHA8S*ALEN 
lFtK .~Eo 7) 1MA55(11.tll•THAS~(~tJ)tPHAS8*ALEN 

I'! E. TEP"'INE CELL C.EtHEHE!> IJALUES 

CELCTH() 0 K)•CHASS/-SAREAfll 
IF(II. ,NE, 7) C.l~CTR(loKtJl•P~ASS/XSAAEA(ll 

DEVU.OP NQr)AL VALUES U, CONCP:r,UIATION 

"Ht.NU .eo. lJ 
WHEN(II. .Lf', )) 
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tlO It I 
oo 112 
01111) 
0011~ 

1)1}115 
{l{) 1 t 0 
oo 111 
()0 118 
II•J 11 ~ 
Olfl<'O 
oo 121 
001.22 
OO!Zl 
1)0124 
OIJ 125 
ll()l21> 
oo 127 
(!0 121'1 
00 t '?<I 
1'10130 
001]1 
oouz 
UUIH 
0013q 
00115 
OOB!» 
0(11]7 
01JIJ6 
oo 139 
on 140 
oot•n 
OOUi! 
oo I 4J 

' c 
' 

' ' c 

• 

• 

• 

• 

• 

• 
NOTfl CMA!itl IN KG/M 

tOEF•O. 
~S•V9Er(~)tA~EAC1l/(AWIOCIJtALENl 
t.Z•OFZ(~) 

CNOOECI,~J•(2 0 tC~A38/XSAREAClJ•COEf*O!Ll/(l}/(l,•DELZ*"I/EZ} 
o CN00E(l,KJ•l,ttHASS/t8A~EA(I)•CNOO!(lrK) 

CNODECI,~tl)•(Z,tPMASSIXSAAE~CIJ•CO!,tOILZ/!I)/(l,•N8tOILZ/IZJ 
o CNOOEC2,~tll•l,tPHA81/tSARfA(l)•CNOO!CirK+JJ 

• ,,,FJN 
ELSE 

CNOOE(I 1 Kl•CMA88/~SAHft(l) 
• CNOOE(i,K)•CNOOECI,KJ 

, , .. ,IN 
o, 0 1' H1 
ELSE 

C~OOECI+ItK>•Z,tCMASS/kSAREA(I)•CNOO!CltKl 
, lF(K ,LE, ])CN00ECI+1 1 K+ll•l,tPMA8S/kSA~EA(lJ•CNOOICirK+lJ 
• • ,FIN , 

!lVERWIHTE fiOTTMt ELEMENTAL NODE INI'OHMUION 

MS•H•MUT 
"1Sfla•~SaT 
ELTOP•E:LTOP+OELZ 
N£.LM~f•~H"'TP 
IF(I( 0 NE, 7) 

Pf1SA811PMUT 
• P11$6S.P1181:1T 

• ,,.FIN 
••• FIN 
~ETIJJ.!"f 

'"' 
fFLlCS VfPSlUN l2 0 4b) 

---------······························· 
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000011 
Ofl0fl5 
QOOQb 
Qo)Q07 
,)I'll) ~6 

0001)1 
1)\.1010 
O'l\.1 \1 
(IQO 1 ~ 
(1001] 
0"0111 
0001'5 
0 ill'! 16 
00011 
00018 
ooOI9 
oiiOZO 
1)00 21 

c 
c 
c 
c 
c 
' 
c 
c 

c 

SU~ROUTI~t COM~("' S, Zr R) 

T~JS SURIIUUll."'E MULTIPLIES THE 1Jr~8Y'H1ETRJC 6A"10 HATRlll (IJ 
~y TttE K,.Ort LOAO 'IECTOfl d, AND AOOS THE RUUL.T TO CR»- 0 

IN(;LUOE 1 EL~SJZoP~r• 1 

OI~ENSIUN S(MxELE~,l)o R{~liELEMI, Y(Hli!LEM)r Z(~XELEHI 

It( I J::.IH ll +S( 11 (!1 *Z< l) +S( 1, lhoZ {21 
~(M)IR(M)+9(Moll*l(~•li+SCMrZl*Z(~) 
,)ll(l•Zr"'•l) 

Y(JI•S(J,tl•Z<I·II+S{lrll*Z<IltS(Jrll•Ztl+l) 
• ~(ll•~!l)+Y!ll 

0 0 • ; 11~ 
II(TUR!i 
Etm 

··············-·······------------------
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00002 
O(l(il) l 
IIIlO IlL! 
QOllOS 
OOOOb 
000 () 1 
0 00•)/j 
nnoo~ 

00010 
ll(lQ 11 
l)ll 012 
l)u013 
0<10 I !l 
00015 
0() ll16 
ll0lll7 
\!0 l) \8 
no o t9 
(Jt1 !12fl 
00021 
()•H•2~ 
0<1021 
I)I)O,?!l 
onoi2'S 
l)(lt)?h 

nno27 
OOOC'6 
0<102'1 
O(I(Jl(l 

0()!131 
OfiOJ2 
(lQiJll 

17 .. 11Jr~ .. 'l2 15101121 PAGt 00001 

.................................................................. 

SUtHWUTt~oJE OIAIJ(£CM02 1 ECHOJo ECH04, ECH05o ECH06, f:CI107, 
I fCH<J8o ECttn'l, Et;HOlOo ISEG, JSEGo S.I!V£CHJ 
LUGIC•L•t ECIW2o ECllUl, ECHOII• EC•l05, ECHIJ6, ECH07, ECHO!, 

l lCtf09 1 ECHOI0 1 U~ECH, ,;HTSEG 
UI~~~~~O~r JSEG(5)o S.I!VECH(IIll 
E.CtW2•.FALSE, 
ECHOJ•,FALSE, 
lCHfl 1a,fJt,LSEo 
I:Ci105•,F~t,LSEo 

ECtWb•,fALSE, 
lCH07•SA,VlCH(h) 
E.Ow!:I•,F"A.LSf., 
t.CrHJ9• ,F AI.S£, 
EtrtntO•,F.I!LSE, 
HRTSE.f,.,fALSf, 
~t•fr~(JSEGC1) 0 Elol,O) f!IHS~.G•,TI';I)f., 

ELSE 
on CJ•I,s> 
, IF(JSEGCJl,EO,ISEG) ~RT8E,•.TRUE, 
, •, F l tl 

• , , F IN 
lF(IIIHSE(i) 

f:Ct102• 9 A VI' CH ( 1) 
f{.HlJl•:>AvECH I 21 

~ ~CHU4•SA.VtC~()) 

ECHOS•SAVHM(II) 
ECHU6•SAVECH(5J 
ECHI.lli•U VECli ( 1) 
etHU9•!1A YlCfi C & ) 
ECHOIO•SHECH(~) 

••• f" z,.. 
liETU~"' 
E -~o 

(flEC& vE~SlO~ Z2,46) 
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OOQib 
00011 
00018 
QOOli 
00020 
00021 
001122 
0 OQ2l 
0()024 
0002'5 
OOI).!b 
00•127 
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00021 
\)0\lJl) 
OllO::S I 
OOO]l 
OOOH 
OOOH 
1)00}5 

OOOlb 
011017 
QOOJA 
000 l~ 
1)00110 
000<11 
00 04C! 
Ol'O ~3 
(100114 
000tl5 
OO!I<Ib 
OOQ<P 

1)1)04~ 

on n 111 
1)1H)~il 

•l n o51 
00052 
OOO'H 
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c 
c 
c 
t 
t 
t 
t 
c 
c 
c 
c 
t 
t 
c 
c 
c 
c 
t 
t 
t 
t 
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c 
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t 

t 

c 
t 
c 
t 
c 
t 
t 
t 
t 
t 
c 
t 
t 
t 
t 
t 
t 

OlMOATtALt."r I.REAr 80111, 8!:0, IJ\.ZSAVr f.CHO, t:L!V, 
HLIJEMR, 18EG, NSEO, NELEMr NU .. !RRr PEL.EV, 
POR, RIVER, XVSUr EL.) 

THIS ROUTINE 18 REBPIJ'~SltiL.E ,OR RUDJNG ANO PROCUUNG TH! OAU 
OESC~I!!lNG lHE SEG~ENT DIMENSIONS Ar-ID AREU 

fOR~AL PANAMElERSI 

EL 

"LEN 
"I<EA 
60111 
BEO 
OL.ZSAV 
ECHU 

• SEGMlNT LE!i!,;TH 
• SElif'1f.NT AReA 

STANDARD ~EO T~lCKNESS 

• INITIAL BEO THJC~NESS 
• STANDARD ELE~ENT THICK~US 

• LINE PKJNTER ECHO OPTION CONTROL VARIABLE (L•l) 
• lLEVATlONS A&OVE THE ~EO CORRESPONOlNQ TO tH! SEGMENT AREAS 

!LE'I 
Hl.pER~ 
19[(; 
NBED 
NELEM 
N!JMERR 
PELEV 
POR 
RlVEH 
XYSrJ 

• EL!~ATIUN Of THE SEGMENT 
• HOLDING ARRAY FOR ~RROA NU~H!AI (BYTE) 
• CU~~ENT &f6ME~T NUMBER 
• NUMBER UF BED LAYERS 

NU~6ER 0, VtRTJCAL ELEMENTS 
• NUMBER OF INPUT ERRORS DETECTED 
• UPSlMEAH ELEVATION OF SEGMENT NU~B!A 1 
• POHlBITY 
• SHEAR STRESS CoMPUTATION CONTROL V4AIABLE 

THlt.t<..NESS OF THE TOP BEO LAVER 

CALLED ~YI SEAATRA 
CiL.\.81 PUlEHR 

BVTE HL!lERR(lOQI 

l~~lC"L*I EtHn,qiVt~ 

Dt"'ENSION A~fl(f'I)(EI.fM), fl[M.ELEMI 

CA~n I,,,,,.,,,.SE~MENl Dl~ENS}ONS 

CLlL, 1• s ••• "~ELE'1oooooNUH\lER Of VEflTII;;-1. EI.EI'IENTS 
b•to, •• "~AEDooooooNUM,tEH Oil HEI.l LAYERS 

ll•20 00 ,DL.1SAV,,, 0 STlNO!RQ fLEMt.NT THlCK.NES$ (MET!K8l 
21•1Q,,,ijOJV,.,,,,STANDARo 8ED LAVER TMlCK~ESI 
l1•40 000 U[O,oooooolNiflAL RED THICKNESS fMET!HSJ 
tl\•50 000 lLlN, 0 • 000 LENGlH Of THE SE~ME~T (HfTEHS) 
'ii•OO .. ,ELE'IooooooELf.VAflQ·oj Of THE SE!,;MfNT (ME1ER81 
b1•70, •• PUH,,, •• ,.PUROSJ11 
71•80,.,PELtY,.,,.uPSTPfAM ELt'IAllUN OF S(~MENT 1 ONLY 

•O,O!S~EAR Sl~tSS CO~~UTEO USING VELOC11Y 
OtSrHthUTJOII ANU It[() RI.IUI.I~Ht:SS 
(!fESERVnlll) 

C)~ 0 0!5Htlri STRESS cry~~UTE~ USING ~UTTU~ 

5LUP, HYoJRAULIC "AillVS l"'U St>EClf 1r 
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000';14 
00055 
OOO")b 
000'57 
000'5~ 
0005') 
OOObO 
000~1 
')0 tlbi! 
(lfl0b3 
0001J'~ 
0001>5 
000&6 
OOf.lbT 
OOO&IJ 
000,9 
00070 
/)1)1)71 
000 7l 
0001} 
000 74 
OOU7'J 
O!HI7b 
00017 
00fJ71J 
00079 
01!08•} 
00081 
<!OOe.i! 
0001!3 
00084 
00085 
00•1~6 

1)0087 
OtlO"" 
OOIHiq 
Oil090 
()0091 
000'12 
ooun 
0110911 
0009'5 
000~6 

00097 
(1(10'18 
00099 
OlliOO 
00101 
OOIOZ 
oo lll3 
0011\ff 
01)1(15 
0111011 
00107 
on 1 oil 
00109 

r. 
c 
c 

c 

<HtfU (18£11 0 [Q 0 I) 

15tlllli!~ P~GE 00002 

~EIGHT OF ~ATER (f~!f 'LOWING 
WlYEri) 

RE.UClrl) ~ELE~r~HtD,OLZIAYrMOJY,AfO,ALfNrfL[YrPORrP!LEY 
• •HIE.ri (P£lEY .EIIo U,O) RIVER • ,FALSE. 
• ELSE Ill VER • • TIWf.o 

•••"I" 
ELSE 

I{[An(tdl) 
•• ,F Jl~ 

C ••• XYSO •• TrtJCK~E98 Of TMf TOP H£0 LAYER 
c 

c 

100 
c 

c 

KY~IJ • HEU • CNSEO•IJ * HOlY 
IF CECtlO) 
• ~RIJE(~r5) JSEG 

~HJTE(b,l) NtLE~r"RED,DLZ8AV,8DlYr8[0,AlfN,fLIV,PO~,XYIO 
• If (ISEW 1 !ij 1 IJ 

,ORlJ!C6o6l Pfl!V 
• • "HfN (P~LEV ,E~. 0,0) wRlff{6,7J 
• • El!~ NRIT[(6r8) 
• ,,,FI" .. ·' ~~ 
tr (NfLEM .LT. 0 ,OR, NELEMtl ,GT, M~EL!H) 

• WWilE(6 1 100)NfLEHrMKELEM 
Ft1~14AT('j~ 1 FR0f'l Of"'PA,fl fiELEH•Iflt 

• CALL PUTERRU),NUHER .. ,HI.DERRJ 
••• FJJII 
lF (NHEO oLE. OJ CALL PIJTERR(b,NUMERR,HLOE:RfiJ 
IF CNIJEII .GT, HA.ICLf.Y) CALL PUTERR(II,"'UHEAR,tiLD[RR) 
If {IJLZhY ,LF 1 O,OJ CAll PIJTUfi'C7 1 NUHENR,HLIJ£RN) 
If (60lV olfo O.UJ CALL PUTERR(" 1 NUH£RR 1 HLPERR) 
IF (Cf.~ .r.T, t18EOttiJOJV ,OR, 6[1> .LE, (N~tEO•IJ•BDIVJ 

CAll PIJTf"R~ t .,, .. U11EHN, HLOEHA I 
,.,,FJN 
lf tAL~N ,1.[ 1 OoO) CALl PUTERN(IVo~UHfRRrHLOERRJ 
IF tE.Lf'l oLE. O,OJ tALL PUTERI((llr~Ur1E.R'RrHlfJENHJ 
IF (PQf,l ,GT 1 J 0 U) C.:ALL PUTfRIHilr·'4I.JP'ERR 1 HLOEHR) 

C CARO l••••••••••lREl OF EAC"' fLEI1fNT 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
t fll'tllH 
c 
c 
c 
c 
c 

I>A~follNWI 
A 'WNZERO 81JRFACf ARE.to IS NfQIIJNt:l) I'OR THE 
C•IAI••oiEL 80JTUM 0 

r•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
uo tJ•t.tot)[flfi'IJ 

•REA(IJ•O,O 
• EL.(·JJ•u.o 
• • • F I t1 
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0(> ll 0 
00 It 1 
oo Ill 
oo 111 
00114 
Oi) 1\5 
0011 b 
on I 11 
00 I 16 
00119 
OOli!O 
00121 
IHJl i! i 
ou 121 
OOii!li 

oo 1 i!S 
UO 120 
011127 
0•)121! 
uo 12~ 
OJ)I30 

()IIlli 
0(• 132 
OOIH 
00114 
Oo.ltlS 
OHll& 
00 t l7 
00 IJ6 
1\1\ 11'1 
0 Ill lj() 

00141 
00 I Uii! 
oo t 43 
001114 
oll\ltiS 
()!)I lib 
1}!1147 
1)0 148 
001149 
o'l01'5!) 
U0\51 
ou 152 
00 t 53 
0015'~ 

OOJ1'5'i 
001'56 
00157 
011158 

c 

c 

' 
' • 1 

' 

1 
2 

' 

• 
to 

11 

' 

kEAD(l,9) N•RE._, YP.I.REA, DEl!V 
WHtN (Nl~~A oEWo 0) 

EI.E•O, 
00( 1•1 ,MlCELEJoiJ 

• 
AREAtlhVPARf_i, 
tl.( llaELE 
Et.E•ELE.+OEI.EY 

, ,,,Fill 
,,,FIN 
ELSE 
, ~E·O (1,3) (AREA(JJ, l•loNAR£.1.) 

~t•~<1•1) (EL(1) 1 tat,~AREAl 
IF (~AREA,t.T,HXELEHl 

OU (J • kiiRI::A+I 1 MJtEt.EM) 
0 lREA(ll • VPAREA 
o ~l(l) • EL<I•Il + DElEV 

, .,,FIN 
, ,,.Fit. 
,,,fPI 
IF (ECHUl 

~Rll£(• 1 11) (1, AR£A(l), Jsl,~KELEMl 
• <I~JTE(b 1 \OJ CirlL.Cllr hlrl".liEI.EMl 
,,,FlN 

RfTIJRI< 

FOH~Alt2l~ 1 7FI0 0 0) 
FnH~Al(I~U 1 13.,1So'oooNUMRER OF VlRTlCAL !LEHENT8 1 / 

I ll!~,l5 1 1 010 NUH8EH Of ~EO LlY[R$ 1 / 

2 7X,IPEI2 1 5,•,,,STANDA"O EL£ME~T THICKNESS (~ETE~Sll/ 
) 7)(,1PE12,S,•, •• STAt.uARO 5£0 LAYEH l11JCK-"ESS (tlft£R!I)I/ 
a 7K,lPEI~ 1 ~ 1 1,, 0 1NITill ~EU THICKNESS t~ElEAS) 1 / 
5 1ll.,li'F..1l,Sr 1 oooi.~IHilH OF THe: 8EiiMENT (~ETE~S)'I 
6 7~,l~EIZ,~,t,,,S(G~~Nf EL!VATION t~ElfAS) 1 / 
1 7( 1 IPE12,St t ,,,Plii<IUSlT~ 0 / 

~ 7t,IPE12 1 5r'•••T~lCKNESS OF THE TOP BEO LAYEH tCALCULlTEU) 1 ) 

f!J!Hil T (IH' 10 ,ll l 
f ll~ll,t,l ( lii;J ,55 X, '.ELEME 'IT ARE'S 1 /IH i!H r 5 t U, 1 PE 12 ,S} IJ J 
FOM~Al(lltn 1 54t, 1 1NPUT DATi, FO~ SE~~ENT 1 111) 
FOH~Aft1Kt1PEt2.S,t,,,UPSTREA~ ELEVATIUN (~~TEHS}') 
FU"'\Af(19( 1 ' 001 SHEA~ ST~En 'IAL.U!S CU~PUTI!:O U9II'oli HE THOll' 

I ' FU~ RE~ER¥01~ 1 1 

FU~"!Al{t'H. 1 1 100 SHEl~ ""£58 '0\.IJES CO~PUTEO USING f'I!THU0 1 
1 1 FOR FHEE Ft.O'~I~G RI~ERS 1 ) 

FO~Mll(l5o 7FtU,Ol 
fUq~li(IH~ 1 56X, 1 NOUAL ELEVATli)N5°/U(27K,5(Jl,IPEl2 1 S)I)l 
FU~Mlf(215 1 6FtO.~,L5) 
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~uurwuUrJt: OJSOLV(,UI,II~, ~, /iOJV 1 C, CtlNr C0l.O• t1EC,t,Y, OEL.Zr 
OfLTO, D£1'15, OJA"', Ir KHlr I<AYi, 

~l[lf./1, ~<BED, PCOEF, POHr lollil~t, loiHOUTr rliVr 80R8Kr A!.F.A., 
t~ETAr ~ELir '¥EL2r &I!:TAir !IE:Ulr 
t·EPo, SCVUR, !iEDSO, xY&O, Alfi!:Ar DSOJ18, OLOCJ 

THIS ,UtlRr'JUll!~E CJ,LCULATES trJEFF!ClEIIITS OF CONVECTIVE:, P!CAY 
H<D 30Uh'CEISJ~~ TEO.:t•S OF lJISSULYEO POLLVtA•H CON~EtJlON•OIHUSIOI'I 

f~<UATJON 

l~PUT PJ,RAMfT!~SI 
ABA~ • AYE~AGE AREJ, 

AHfA • ~f~llCAL ~RUJECTIUN AREAS (Ml) 
8 • lifO CO~CfNTHATJUNS 
8UIV • STANUA~U ~ED LAY[~ THICKNESS 
C NUOAL CONCE~TAATIUN 

CC!N • COtoCENTRATJr:IN.UF INFLO~ 
C0LU • CtLL•CENTER!O CONCE~l~J,TlU~ 
UECAY • DECAY ~AlUI!:S 
OELTU TI~E STEP IN DAYS 
LlfNS • DI::IIISJ T'( 

OfPU • QfPUSITJON HATE (KG(PC·/~210AY) 
Ll!A~ • PAHTICI.E UIAMET!RS 
l)fLZ • TI-IJ(;KNtSS OF THE £LEMfNJ 
I • HfMEIIIT l"'UEX 
KAY! • LIGHT fXTJIIICTION COEFFICIENT OF "ATER 
KAYZ • LI,HT fXliNCTJON COEFFICIENT OF SUSPENOED 

NELE'" 
PC OfF 

SECIM!IIIl IN ~ATEH 

• NUM~EA OF Vf~TICAL ELEHENT& 
• 181 TEHM OF THE PHOTOLYSIS RATE EWUATIUN 1 COMPUTED 

Jtl Sl•t.HIOUTJNf PHOI~Po 
POH POkOSITV 
~HIN • J~FLU~ DlSCHAP'f 
WHOUT UUTflO~ OlSCHAkGE 
~~ • VERTICAL DJSCHAHUf 

SCOUk' SCUUU RATE (KG~PC}IMUOAY) 

SUH~K • A08!1~0T]0~ ON SFOI~Erll 
USORfl Ofi>U~PT!OI< FRO•I SEIJJ~f~il 

XVSU • TOP HfO LArE~ THtCkNfSS 
IJ11TPUT PAI?A•tEJEHSI 

o\LF~ - DECAy TERM 
f!f.OSIJ • SCIIIIfo' UH OEf'USITTON OF AllSORP[O CONTAMIJilANT 

(Pf./M21PAY) WHEN NO SCOUN IS TAkiNG PLACE 
REU 

HF. I A 1 
o1F. T Ai 

~Ell 

Vt.lt' 

• SIJURtE 01? STNK TffH1 
• INF'Li!EIIT 8fJUI.'CE J[HM FnH 1-TH NOPE 

l~FLUf~T SOU~Cf TER~ FuR 1+1 TH NUU~ 
• flRST CUNVfCTl~~ TE~H 
• SECOND tONVfCTlVE TEH,J 
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0110511 
00055 
OOO'St> 
0011'57 
uoos~ 

0005~ 

00060 
00061 
OOObi! 
oouu 
0011611 
OOOb5 
0006b 
0006 7 
1100b8 
OU06!f 
00010 
00071 
00072 
011073 
U0014 
1)0015 
ooon 
011017 
00078 
0007~ 

OOOIJO 
OllOel 
000~2 

ooo"J 
0006~ 
011085 
1)11080 
00087 
000&11 
OOQAQ 
oooqo 
illl091 
OOO"'l 
OOO!f'J 
uooqq 
000"15 
OOO'lO 
1)1"091 
onoqiJ 
OOQqq 
on too 
00101 
00102 
outo3 
011 I 04 
011105 
\10100 
OOtn7 
Otl 108 
OU109 

c 

c 

c 

c 

Oli'I[NIION 
I 

' 

1'5tott35 "AGf. oootll 

ABA~tMXlL!~J, B(MAXLEV,"AXCON•t), B!OID()), 
CC1N(MX£L£M,MAXCON),CO~~(Hk£L£M,MAXCON), O!CAY(.), 
QHJI~(MX£LEM), ~+lllUf(t1.lf.LtM), QV(MX!l.lrH, IORIM.(.), 
OENS(J), OJAM()Jr Ct~X£LEMrt1AJCCONJ,CIARtMX£LlM 1 MAXCON), ' • O!.PO(b), 8COUR(6), ARF.:Att1XELf.M), OIORI(If); 

' OLUC(t1XtLEHtMlXCOHJ 

C tO~VECTiVE T(RM 
c 

AI~ •QV(I) 
VELI•AQ/A6ARti) 
AQ•QV(hl) 
~ELl•A~/AdAR(l) 

C OECAY TERM 
Tf!TDK • OoO 

c 

~HE~ tPCOEF .~E. 01 0) COMPUTE•PHOTOLYIII•MATE•FOR•lLEMlNT•I 
ELSE PHOTO • o,o 
00 tJJl•trS) TOTOK • TOTDK t D£CAYt1Jl) 
Al.f A•IJHOl.JT (1) It ABU (I hOELZl +TOTOKtPHOTO 
lF(J ,EQ 0 N!.LEM) ALFA • ALFA + U!.CAY(b) 

C SUUWC!. OM SlNk TEA~ 
B~fAt•QHJN(J)I(A8AA(IJ•O£LZl•CCClN(J,7)1J,tCCIN(l+lr1)/&,) 
ijEJAi!•~HIN{J)/(A8AR(lJ•OELZ1•tCCIN(Ir7)1.,+CCJNtl+lt1)/3,J 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c • • 
C * lrU,N:~tNGI THE VALUE 01" CUlt IHOULO BE UPDATED eY ll!ftATIYI!LY * 
C * SOLVING fOR C AT TMF AOVANC!D TIM[, AND A,PAOJIMATING * 
C * CdAR AS TH£ N!~ A¥£RAGE CONCENTRAtiON OvER TH! Tl~f * 
C • STEP. * 
c • • 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

c 

I)U (J~ • 1 1 NELEHJ 
lNFAAC • O.S*QHlN(Jf.)*OElTO/AIU.RU!JIO!LZ 

• E~FRAC • I,O•l~FAAt 
DO UC • l,HAKCON) 

• • CBAR(I£ 1 1C) • CCJN(l£rlC)•lNFHAC+OLOC(lfriCJ•EXFRAt 
• .,.FIN 
•• ,J"IH 

"" • 
• 

I • 

'· '· 
I • 

'· 

(J • lol) 
JP3 • J + J 
JPI • l t I 
JF(C8l~(JrJl.GT 1 " 0 0 0 ANU 0 CIIrAH(JP1 1 JJ 1 GT 1 0 0 0) 

• 
• 

• 

AO~Sl • (80N~K(JJ•SON8k(JPJJIIZ,•tl,*C8AA(l 1 J)•t6AM(JJ7) 

USAO\ • 

+t8AN{I,J)•L8l~(IPl,7J+tBAR(lPl,J)*CB~R(I,7lt 
COA~{lP\,JJ•tbA~(lPI 0 1)J • $0Rb~IJ~]JI6 1 *(2,• 
C8lR(IoJ~J) t C~ARtlPltJP)J)) 
(080Rij(JJ•OS0~6(JP1JilZ,•(J,•C~AM(t,J)•CBAR(Jo7) 
+C8AR(J 1 JJ•t8AR(IPt,7)tCKAR(lP1 0 J)*CIIrAR(I,7Jt 
C~AM(lPl,JJ•CijlH(lP\ 0 7)) • PSORBIJP))Ib 1 *(2,• 
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00110 
00111 
00 Ill 
QO II 3 
00114 
110115 
0011t. 
IJO 117 
00118 
00119 
00120 
00121 
OOIU 
0012l 
00124 
OIJ li!'S 
OOillo 
OOii!7 
001l8 
0012Q 
OClllO 
001)1 
0111)2 
00 I H 
001)'1 
f) (IllS 
OOIU 
00137 
!!0138 
DOllY 
00140 
OOhl 
001112 
1.10143 
0(1144 
0(.1145 
0111/.tflo 
00147 
00148 
00149 
00150 
OOI'H 

00152 
0015] 
oo 154 
00155 
0015b 
00157 
00158 
00159 
00160 
00 hi 
001b2 

t 

'· • 
I • •• 
'· • 
I • 

•• 
'· • 

• 

• 
• 

• 
• 
• 

AD082 • 

OSAOZ • 

15101135 PA&f 00003 

CijA~(IrJP]) + CRAR(JPI,JPJJJ) 
(S0Rd~(JJ•SOR8K(JP3)/ll 1 *(C8AR(I 1 JJ*(BAR(Jr7l+ 
CHAR(I,J)*C8AR(lPir1l+C8AR(IPl,Jl•CBAR(l,7J+ 
3.•CdAR{IPI,J)•C8AR(IP1,7)) • IORb~(JPJJ/••* 
tChAH(l,JPJ) + 21 •C8AR(Iti,JPJJ)) 
( 05UIH~ (,I J *O!IOR8 [JP ]) /1l1 * ( CttAR ( 11 J) •CUR (I, 1) + 
C8AH(I,J)*C8AH(IPI,1)+CdAR(lP1,JJ*C8AR(I,7)t 
J.•CijAR(JP1 1 JJ•CBAR(JP1,1)) • D80.8CJPJJ/6e* 
(CBARCJ,JPJJ + 2,•C&A~(I+l,JP)))) 

IF ( Al)r'IS t 1 G T • 0 1 0 1 01f 1 AUOII 1 !Q 1 1UIAI>IJ Ill! Ul•BI!:T Al•ADDil 
l'(USAUI.LT 1 0.0J8ETA1•8~T41•0SAOI 
IF ( A01l82 1 r; T • 0 • 0 o tlR, AUDSl 1 [Q 1 OSAOZ) BU AZ•BU Al•ADOU 

• 1f(OS-02 0 ~T.0 0 0JBETA2•ijfTAl•OSA02-
• 1 1 F lN 

• 
•••FIN , ...................................................•...•.............. 

C THUISFER HEHiEE~>~ OISSOI.YfO STRUM COiiUMlNANT ANO AftiOR~EO t 
C 6£0 CONTA~INANT IS JNClUDF.O WH~NEYER NO ICOURlN' OCCURI ,OR t 
C A PAHTICUI.AR tiEOt:4£NT stU: (EG UNO, SILT, OR CLAY) * 
C•••••***'****'***'**************************************************** 

8t.rA • (1 0 0 
JF (J.!Ioi,J) 
1 DO tJ•t,l) ~fDSDlJ) • 01 0 

IF(N6fU 1 !iT.OJ 

• 

• 
• 

I. 

• 01) tJ•t,JJ 
• o ~HEN(SCOU~(JJ 0 Gf,0,0 1 0R 1 8(NB!O,JJ,t.f.ZERU) 

• 
• 

• 

• bEUSOCJJ•0 1 0 
o 11FIN 

• Et.Sf 

• 

RIIOJ•R ( N8fO, J) * ( I • O•POR J •DEN I (.I) 
o 0 • OIAH(J) 

lf(0 1 r.T 1 XY80J O•XYSO 
RATE • SQRijK(Jt6)*180R8K(J)t(C8AR(t•7)+CBARlZ,T))I2, 

•a(NREO,J+l))* I> * RHUJ 
, o ~tlA • REtA • RATE /DELl 

• • 1 BtOSO(J)••RATf 
• • • • •' J N 
• 1 • .FIN 
o 1 .I'" I rj 

•• 1 Ft tr 
kF.TUR,_ 

·························----··--------· 
Tfl COMPU Tt.•PHO T OL Y81 S•R ATE •FOR•EL£ HEN T • I 

AVI>Sfll • 0 0 0 

• 
• 

• 

"t1EI<f (1 0 ffJ 1 NELEH) 
1 PO llJJ•1,3) AVGSED • AVGSEO + C(ltt,JJJJ 
••• Fifi 
ELSE 

00 (JK•Itt,NEL.lMtl) 
0 00 (JJI•tr3) AVGSEO • AVGSEO + CtJK,{Jl) 

1 •••~IN 
-AVIiOSEO • AVIillftl I (Nflft•+J•l) 
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OOhl 
no! fill 
00 lO'i 
(Ill 1 fib 
00107 
flO I bll 
00 lbQ 

• 

1S10ltl5 PAGE 000011 

KAY • ~AYl + ~AY2 * AV~S[D 
~Ht~ Cl .t~. NELEMl JEHMl • 1.0 
ELSE TERM1 • EXP t•KA1•(~ELEM•Il*UELZ) 
rEIHZ • 0.0 • E)(P(•K.AhUELZ)) I (I<AUDU.ZJ 
PHOTO • PCOE~ ~ lEHM1 * lERI12 

oooFll<l 

'"" 

00152 CUMPUTE•PHOTU~~SIS•RATE•FOR•ELE~ENT•t 
000711 

·····-··-····-·····················-···· 
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(FLfC5 VEMSIO~ Zl.~b) 

OOOlll 
I,Hli)Oi! 
lhlOOJ 
Oll/)1)11 
1)0005 
0<10 1)0 
<Hl 0 01 
(/II Ql/1\ 

Oli009 
lltJf)!O 
OllO ll 
00012 
l)/1013 
000111 
00015 
oo Ill b 
OO•ll7 
0\101 fl 
oc 01 q 
00020 
00021 
\)0022 
00023 
0~0211 

(1"025 
ll'llli'b 
00027 
nOQi!H 
00029 
onfolO 
ooo:u 
000:52 
ooon 
nOOJ4 
OOH5 
OflOlb 
flU037 
!10031! 
QUUH 
(}[1040 

Uu04l 
()00•12 
00043 
000'Hl 
[){1045 
1)1)[)11(> 

Oil0117 
oJOOQP. 
QI)(}Q<j 
I)UOSO 

onus! 
01,1(152 
•)005l 

~~~----~---······-··--------------------

c 
c 
c 
c 
c 

c 

c 

c 

SlhP'lOUlJ"'I:. EQuPt8(;>XSA!l 1 lJ~tU, IJE.I., liS,t,llEA, NEL,fM, I'I!:I.E~'~1 
RATJ~, JELP 1 HEWXS, ~EHHUR, UfLTA) 

T~IS ~Uii~UIJTl'•f. FINOS CRUSS•SECTIUNA\. Alf[J.S ANO HElliHHI NITHIN THE 
U;>3TREAM CIHJSS•SEf:ll0'4 l<ljtlfCfi COP~ESPO"'US TO THE I!GH!NT JMMEOIAlEI.Y 
I)U>'!>lSlllEAt1 0 

INCLUDE 'flil!Jl.Pill~' 
I.OIOIC-1.1111 F!:H~Oil 

OlME~SlON PX5AR(HXtL~M) 1 U~lO(HKEL!:M), U!L(MKfLEMJ, 
I )(5A~E~t~XEL~MJ, lELP(MXELEHJ, HEQXIIHXtL!:M) 

ftRROR•,FAL!H 0 

1~'•1 
P ~S•PKSAIH 11 
UPTM•IJ"l"tl) 
€L81M•UEL(Jl 
n.1~P xs•o. 

1>11( hl, ~ELEM) 

; 

• 

• 

XS•RATIO~XSAREA(l) 
IJ~llL(~S olto PXS oDRo 

lPalP+I 
H.M!'XS•t>)(S 
lJHPI•U~<Ill(JP) 

ELillMaUEl<IP) 
0 PXS•P•S+PXSA~(IPJ 
• o. F I I• 
I!!:I.PCIJ•JP 
I!Hflj{Mll 0 [Y 1 PX8) 

11-' of'~• I'IELEMJ 

HE\olXS (I J •Iff I.( IP+ 1 J 
lf{I 0 [Q 0 Nt.LE~1) Hf.rUS(J)• IJFUIPl + OEI.U 

• ELU~MaUEL(J;>+Jl 
l)M TM•!JWID t II-'+ I) 

Pxs•o 
• 1Ei'1PXS•I' 
0 0 oF II• 
EI.Sl 

Aa(UklDllP+1J•li8TMJ/(2 0 «~(UfL(IP+l)•ELHTM)) 
fi•UIITH 

. 

CaXS•TE~<PXS 

><HEN (A oEil 0 O.) tlF.'HSll1•Cifi+EL~TH 
ELSE. 

~S4q~C•B•~+4.•A•C 
lf (ESil4hC ,Lr. ll 0 ) I;U T!J 200 
tiE IH8 ( ll• ( SIIRT O:ISll~AC) •!ll/2 0 /AHi.LIHI'I 

••• ~ J .. 
UMT~•2.•Ao(~~~X8{1J•EL~1Hl+H 
E. LilT '1•t1~ •1ll5 ( 1 l 
Pxo•Pxs .. xs 
·TE.-11-'KS•n. 

• , • F l·• 
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1)1)1)54 

0005'5 
0UI)$b 
000'37 
00058 
ooosq 
00060 
OOI.Ibl 

••• FIN 
METUR/\1 

10fl COilTlNU( 
HR~OR•• TlfU(• 
NNlfUftr tJ 

1'5101144 P4QE OOOOZ 

FO~H4t(JUX,•FA1AL ERROR • ~~Q4AC lN EUUPCI IUBR~UTIN! 18 C O'J 
HETUHN 

••• 
(FLECS YE~810N ZZ.4b) 

························•··············· 
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00001 
ooouz 
Oo0\13 
00004 
OOOU'; 
OOQOb 
00007 
nouoa 
OoJOO~ 

01101 u 
OOOi I 
00012 
00013 
0001.11 
0001'5 
OOOlb 
OUQ17 
00018 
0001~ 
OOOC!U 
OUOi!l 
OIIU2C! 
oonn 
00024 
0002!i 
00026-
ouo;n 
011028 
OOOl'i' 
00030 
00031 
OOU32 
ooon 
I)I)Ojtl 

000]') 
uoou 
00031 
{100313 
111103q 
fii'I04U 

1510114~ PAGE 00001 

·····-·--·--·······-···········--·-····· 

c 

c 

c 

c 

9URROU11Nt !QUPXBCPXBAR, P~J0 1 PDELZ 1 MIAMEA,NlLEM,M£L£"' 
I RATIO, ItlP, tt[(U8J' 

}llCLUfl[ '8YI[LM91Z.PIH41 

DIMENSION PJ8&A(MX[L[M), P~IO(MI[L[M), XIAA!A(MX[L!M), 
t 1ELP(MX£LEMJ 1 tt[Qk8(MX£L!MJ 

I Pill 
PllhPIIURllJ 
~ST11•PIIIIU(l) 

EL!Hio!IIU 0 

T£MPk1110 • 

DO{IIIt,NELEM) 
• X8•RATJO•X8ANE•(IJ 

liNTlL(118 .U:. PliS 0 UH 0 lP 0 £Q, HELEM) 
• IPIIlP+l 

• • T£MPXSIIPXS 
0 lilfiT"IIPIIIJD(JP) 

EL~TMaPDELZ&(IP•lJ 

• 0 PX811PX8+PXIAM(1P) 
• 000 FIN 

• 

lEI.PCJJ•IP 
IIIH[N(KS ,(n, PXI) 
o HE~X8(1J•PDELZ * IP 
• PIIB•O, 

Tt.MPI(Iao. 
[LijTMaJP•PDELZ 

• 0 IIIBT~aPWIO(lP+I) 

••• FIN 
• HSE 
• 0 HEYliS(I)a(XS•TEHPXS)I~STM+ELHTM 
• 0 ~XS•PXS•ll8 

TE,PXS•Uo 
• ELbTHaHfgXS(I) 

• •, ,F Irl 
• o oF I"~ 
HETUHN 

"' 
(FI.ECS VE~SIUN i2 0 4b) 

···········-···························· 
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00001 
(1{1002 
00003 
00004 
0001)5 
00006 
0(1007 
00008 
OQ(l()q 
00010 
000 II 
01)(.1 12 
oo n 1l 
00014 
00015 
00016 
•100 17 
00011! 
ooo I 9 
Olli120 
00021 
00022 
00023 
00 ()2U 
00025 
0002b 
0')021 
00028 
(.\()029 
OOO]t) 
ono:u 
000]2 
(ll,lOH 
oou.H 
OOOJ5 
(Hlo)3b 

QCIOJ1 
0!!0!1< 
OUOH 
011040 
OOO'H 
OOUU2 
QQ()OJ 
000~11 

Utlflq5 
OOOirb 
OOOIJ7 
()()(101! 

(ifJI)J~ 

llCJ050 
000'11 
,,oosa 
O()US] 

15tOit52 PAGE 00001 

-······························---------
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 

SliiHI OUTI tlf H UDf: ( JI"N AME, USE, "'fHHP, n YPE, OEV, UI C I, U IC2) 

THIS ROUTTNI'! BUJLOS A FILE SPEClfiC.lTION INTO THE OUTPUT 
PAIUMfTER FNAME. 

BASE 
~BR TP 

FIR~T FIVE CHARATE~8 OF THE JI"ILE ~A~f (8YTE AftRAYJ 
Tli'IE Pl'-Nf NUI'IdEH. THIS 8!COI<1EI THE LAIT 4 CHARAtrUI 
llf' THF. 9 CH.t.IU.CTER JI"II..E NAI<1E (lNTf.liiER) 

If TYPE 

"' UICI 

• IMESf 3 CHAIUCTERS PECOHE THE EJ(TEt.~UON UYTIE AltRU) 
• OtVlCE (~Yrf ARHAY) 
• 1ST UlC (~YTE 'RHA'l 

UIC2 • 2N0 UIC (SYTE AHRAV) 

CALL!D ~YI 5ERATRA 

~·lf ~N.t.HE(a7),FTYPE(3ltDf~CJJ,UICI(J),UlCl(JJ,C0LON,~BR~K, 
I RBHAK 1 PEPJ00 1 CO~M~,BLANK,~·9£(5) 

l>A H COLON/' I 1 I 
!UP LdiUI(JI PI 
Do\TA lf~IUo<.f'l'l 
ll.ATA l't:f.IIUU/ 1

0 1/ 

i).t, TA COMI-lA/ 1, 'I 
0/ITA ULU~K/1 'I 

""""' DET!.~MJNE IF A l>f\IICE HAS BEEN SP!CIFIEO ANU I, 10 THI!: P4UHHEA 
CHARACTERS IN lHE SPECIFICATION ••• 

•••O 
DO (l•l,lJ 
• lf(OI:.\1(1) 0 1~E, 8LA11111.) ~•N+I 

• • ,I' JN 
!F (N ,NE. 0) 

"'*"' l~.&NSFEk DFVICE SPECIFICATION 
nu (ht,t~l 

• 

F~AME(ltA~J•UEV(l) 
• lCAH•ICAihl 
••• FI~ 
*** INSERT ~~· *** 
FNAHEClCARl•COLON 
IC.&R•ICAIH I 

••• Fl~~< 

*"'* HA\11:. IJJC 1S ~EE~ SPtCIFJ~O *** 
1·•0 
on t!•l,.U 

IF(UICi(l) ,'~E. ~L~NK) ~arl+l 
, • 0 F 1 ll 
IF {N ,-.E. 0) 
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Qf\05'1 
1)0055 
0 005& 
Q(lO"i 1 
000'511 
00059 
000"'0 
000&1 
()IJOb2 
U!J{II:!l 
I)() ()I) I~ 

000&5 
O•lHI:!IJ 
00067 
OOOhP. 
00()6Q 
()0,) 1 () 
oort11 
0007Z 
1)0!)1] 

000711 
OO(l75 
u007b 
OU077 
u11 tJ r 11 
00079 
D ~ CI'IO 
QOO~\ 

OOOP.l 
()1!0'1] 
()0\)d(l 

0001\5 

0001!& 
OilCl-'7 
()lf0~8 

QO')R>I 
I) (IUQ() 

00091 
OIHjl/2 
Q(l()'l] 

000<1'l 

OOUJS 
1)()09& 
<10097 
no O'lR 
oooqq 
0010(1 
OQll)! 
0<1 1 oz 
0 0\ u l 
()(! 1 fl'l 

00 1(15 
0 ,,, 01, 

()(1107 
llOJ08 
lHJ I ll'l 

c 
t 

c 
t 

c 
c 

c 
c 

t 
c 
c 

c 
c 
t 

c 
c 

c 
t 

1510115l PAGE 00002 

• 

• 

• 

F~-ME(lCAHl•LBPAK 
ltAnatCARtt 

*"" TFhfolSFER l!H UlC Ull' 

DO U•t,~) 
fNA~EtlCA~l•WICI(l) 
lCAHatCAIHI 

••• f 1 ,, 

••• l~S£~T tUH~A ••• 
fN~~E(lCAR)aCO~~~ 

JtA~<•lCAfltl 

11'111111 TRANSFE~ 2ND UIC111t' 
DO (U\,3) 

IF (UlC2(1) 0 ME. 6LANK) 
fNAME(JCA~)aUlC2Cll 

o JCAR•ICAittl 
0 0 • • f 1 rl 

• ••• FI'>~ 

• 
••• INSERT ~lGHT B~ACK~T *** 
FNAMf(lCARl•R~RAK 

lCA~aiCARtl 

oooi'JN 

11111'11' TRANSFER 5 CHARACTER 
&AE ijflNG USE!) II'U 

no (lw1,'5l 
ftiA"~E (IC.I.P )a!USE,{ I) 

• 1CARIJCARt1 
• • • F It-. 

flU CONVEHT lJH[ PLANE .'<IUHBEH TO UCli A"'O INSERT IT INTO rttAl'lf 11111' 

tliNHRlP 
I01Gar</1lloo 
fhAHEllCAR)•JI>J~t48 

Nlr;•JI.liG•lOOO 
J{"IJI;•N/100 
FNA~E(IC~~tt)a}lll~t'IH 

~•••-J•I•llG•too 
JI)JI;a.,./10 
F~A~E(lCAHt2l•JUIGt46 
F N.I.'IE: ~ ICAritll• ( l>•llll Gil' I o J til A 
ICA>~•lCAilt4 

'*' I'~SF:IIl I'E'!J•lll ••• 
fNA~f(lCA~)wPtN/1!11 

lCARUCA~H 

•*• f>IAHSFEH T~f l C~ARACTtR ~-TENSlfl~ "'" 
00 {lwt,}) 

FNAM£(1C~P)11FTYPl(l) 
IC,I.,RIIlC.~t! 

• • • F I ~ 
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QOIJI) 
on Ill 
oo I J 2 
OUtll 
no 1111 

< 
< 

15101152 PAQf 0000] 

A** IN8ENT NULL CHAAACTEN *** 
FI>IAHf(lCAH)aO 
OlfTUiolf'4 
t.rto 

···~·-·····--·······-··················· 
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15101158 PAGE 00001 

·······------·-················----····· 
00001 
ooooz c 
0000] c 
tlOihlll C 
00005 C 
OOOI)b C 
00007 t 
li00i)(l c 
ooooq c 
00010 c 
000 II C 
OOOtl C 
1)001] c 
OU014 C 
Oll(IJ'j t 
1)0016 t 
00011 c 
Ollll18 
00111q 
0(1020 c 
UOOii!l 
U0022 
OUOlJ 
ooozq 
0002., 
00026 
UCI027 C 
oooze c 
OOQii!Q C 
OCOJO C 
000]1 c 
CIOOJZ C 
onon c 
(111(1]11 c 
OOOJS C 
OOOJb C 
,)00]7 
00018 
OIIOH 
000110 
OOO.tU 
00042 
000d 
01104q 
ooo as 
011046 
OIIOU 
00048 
OfiCHIQ 
0{)0~0 

011051 
OU052 
000'53 

SU13ROUT 1 Nf FOCOUE (FNAM£, 8 AS£, f'I8R T P r F T YP!, OE V, Ult l, Ul Cl) 

Ttilli ~OUTltU; SPERAU:I FNAM[ INTO • COMPON[NTI 

~lSE • S C~AAACTER BASE 'ILE NAHf (IVT! ARRAY) 
NBRTP • TIME PLANE NU~8!R THAT II TH! LAIT 4 CHARACTERI OP TH! 

9 CHARACTER FILE NA~E (J~TIG!Rl 
FTYPE • FILE EXT!NIION (8YT! ARRAY) 
UEY • PHJCAL DEVICE IPECIFICATIDN (BYTE AKRAYJ 
Ultl • liT UIC 
UIC2 • .ZNO UIC 

THE OPTIONAL PARAMETERS DEY, UJCl, AND UlC2 MIL~ Bl lET 
TO BLANKS I' NOT PR£SENT IN THE ORIGINAL PILE IPfCI,ICATlON, 

ClUED 1111 ITNTUP 

ijY TE FillA ME (27) rEt A If t !liJ ,,TYPE (l) ,OEY ()) rUIC 1 ( JJ, Ult2(JJ, 
1 ~ijMAK,R8RAK 1 CO"MA,P!RIODrCOLON,8LANK 

on A I..BRAK/1 (1/ 
I>ATA RB~b/1) 'I 
LIATA COMI'I,I./I,t/ 
OAU PER(U0/','1 
OATA COLOrj/'1'/ 
OATA dLANK/' 1 / 

*** FILE SPECIFICATION HAVE FOUR P0SII8LI FOAMI *** 
(1) FlLENAME,!lT 
(ii!l VfvlflLENAMf,fll.1 
(J) (IJ1CirU1C2J'JL.U1AME,EIIT 
(q) Ohl (UlCl,UlC21f'ILENA"'E,EliT 

THE FONH CAN BE O!TERHINED ~y COUNTtN; JHE POUR tPECIAL 
CHAMACTENI I I 1 I 

ll•O 
~HI (J•lr2U 

SEL~CT (FNAHE(l)) 
o o (COLON) N•N•I 

lliHU.KJ H•N+l 
1 (H6MAII) l'i•t<t•l 
0 lPERIOO) N•Nt1 

• • • .F Itl 
, o ,FJtj 
)tAN• I 
co u•t,J• 

DEV(J)•!L-'<iK 
o IIJC1UJ•RLANK 
• l1ICi!tlhBLANI( 
000 FIN 
SlLECT (NJ 

(II OfCODE•FURitl 
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(fLECS VERSION 2C.4b) 1510115~ P~Gf 00002 

001154 
00055 
OOOSb 
oOO!i7 
0 0(1'58 
00059 

00\lbO 
OOObl 
(1!10b2 
0001>3 

00 064 
ouo~s 
OQOI>h 
0 OIJb 7 
OfiObfl 

00 069 
OVHO 
01)0 1l 
110072 
tl0073 

0•10 71.1 
fJ007S 
00 0 1b 
00017 
()0078 
·10llH 

OOOAO 
()f) Oil l 
0 Otll\2 
00013) 
0fl004 
OOO'JS 
O<.lOrtb 
0(10fl7 
0 OVI:Ifl 
110 0(19 
OQ 090 
!10091 
ooon 
OOOH 
0(10~'1 

c 

(2) DECODE•FURM2 
(}) OfCOOf•fUR"'! 
(u) OECOOE•FOio!t-~(1 

•• ,FI~ 
~ETUR/Ij 

••a•••••••••••••••••••••••a••••••••••••• 

c 

c 

TO DEC00E•FOR,.,1 
o OfCOOf•FILtNl~E•fKT~NSJON 
oooflN 

TO DECUDE•I"OR~Z 
OECODE•OEVIC! 

• OfCOflf•FllEI'4AHE•EXTEN1110N 
••• FJIIj 

......................................... 

c 

ro DECOOE•I"OR~! 

DECOOf.•Utt 
DECODE•FILENAME•EXT[NSION 

••• FI~ 

----·-·································· 

c 

TO nftOOE•FOII:~4 

OECUOE•DtviCE 
UECO!lE•UIC 
flE C ODE,.F l l E NAME • EX T E~S I 0~ 

• , • F I Ill 

········•···•··•·•····•····•••···••·••·• 

c 

TO OECOOE•FILENAI".f•E)(TEN5ION 
lJO (I•t,Sl 

• 

8ASt(J)•FNA~ECICAR) 

0 lCAI(•lCA.rHt 
000 FIN 
1-HtHI (f'NA~-EtiCARJ .NE., PERIOD) 

lCH4RtaFNlMf(JCA~J 
ltrlAij2•FNA~~(IC~~t1) 
JC~AR]•FNAH[(ICARt2) 

IC>tAR4•FP<A.~t ( lt ·~· ]) 
Nei(TP•(ICHA~t·4~)-tnOOt(lCHARl•Ub)*100+tltH~~l·I8)*10+JtttARQ•~M 

*** SKIP II~E~ ~ERl~D *** 
0 lCAk•IC.,HS 
• , • F I " 
H!>E 
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ooo qs 
00ll'HI 
OOOH 
00098 
00•1'19 
!)11100 
001(11 
oo I 02 
OOIH 

001011 
U•H05 
OO!Ob 
QIJI 01 
oo I 04:1 
00109 
00110 
oo Itt 
00112 
o 9 ttl 
001111 

001 t 5 
0011 b 
00 117 
00 II II 
00 I I 9 
00120 
00121 
110122 
0() 12) 

001211 
00 12':i 
001 i!b 
00127 
00128 
00129 
00 130 
00131 
00 1l2 
oo Ill 
001311 
!lOllS 

ISI~IISA PAGE 00003 

c 

• 

ICA"'•JCARU 
0 NH,.TP•O 
,,.FIN 
00 (1•1,3) 

FTYPE(Il•FNAMf(ICAR) 
0 ICA~•lCAR+l 

• .,.FIN 
ooof'JN 

-----------···-·---------··············· 
lll DECOOI:•I)!:VJCE 

"' • REPEAT ~~ILE (I'NAME(1CAR) oNE, COLON! 

c 

c 

• 

DEV{JJ•FNAM!(JCARJ 
lCAW•IC'H+l 

• hIt 1 
• I • F I ~ 
*** SKIP OVEH COLON *** 
ICAfbiCAR+I 

000 fJN 

···-----···········-············-·------
To IJECOOE•Ult 

c .. Ul 8KIP OYER LE.I'T BIUC:I\ET ... 
JCAihiiCARtl 
I•l 
~EPEAl fii'{ILE (I'N-~E(ItAH) 0 N[ 1 

UICl(J)•FN,t,Mf(JCAR) 
IC,t,R•JCJ.Il+l 

• hl+l 
,,.Fl'll 

c • *"''* S~IP OVEH COI'I~A ... 
lCAH•H:AR+ I 
I •I 
REPHT WHILE (FNAME(JC.-.~l ,NE, 
• UICi!Cil•I'~A~E(JC,t,RJ 

JC.-.H•ltAR+t 

• hit I 
, 1 ,FJ"' 

c • ... Sl(lP OVEII ~IIH!l 8~Ati<:fl . .. 
• ICAR•It,t,H+t 
••• FIN ,,, 

~~~~------~·-····-·······--·~~······----

000~0 f)EtOOt•fOHMI 
0')0';13 
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('LECS VE~SION ?2.4~1 

0005'1 

OOIIS UECOOE•UJC 
00070 OOUh 

00069 DEC00!•FUK~3 
00055 

00074 OEC00f•FQHM4 
00050 

00080 OECOOE•FILENAM[•EXT!NIIUN 
00061 00066 00071 00077 

00104 OEtnOE•IIfVJCf 
111106'5 0007'5 

··-····································· 
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00001 
001102 
QOOOl 
OOI,tfltl 
ouoos 
Qflfl(l& 
00007 
0000" 
OOQIJq 
I) Ill) 10 
00011 
OOOii! 
o oo 13 
0001<1 
00015 
00011!.1 
ooo 17 
00018 
oootq 
1)0020 
OllOi!l 
00022 
00021 
OOOC II 
00\llS 
Ufl02b 
OOOC!7 
001121:1 
ooo2q 
011010 
OOO}t 
00012 
OOilH 
QllOl4 
0001!i 
00()]b 

00017 
01.10.\11 
000]'1 
000110 
OOQill 
00042 
l)lll)lj} 

0001111 
00045 
OOQIIb 
1)00117 
Ofii)IH:~ 

OUOII'I 
onoso 
QllOSI 
000~2 

00051 

15102105 PAGf 00001 

~~---·····---~-----------··-------------

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 

!IUYROUT INt. GET SPC ( IU SE, liEGSE 10, BfG T 114 r CH A l N rUT r PE V t F IL.No\Hr GUl C t 
I lNT8EGri~TTIMrl&l8EGrL.8TTJH,tSTlPrUNJT!rUUlCJ 

THIS ~OUTINE IS ~~SPONSI6LE FOR lNTER~OGATlNG TH! UIER TO LEARN 
Ti1E Sf'EtJI'")CATlUN tiHOEO fOR POST PROCEUlNG, 

FO~MAL PARAM[TER!I 
liASE • 5 CHAkACTER SASE FILE NAME FOR CHAJNEO O,ERAT)DNS 
iJE.GSEG • AEtHNNJNG SEGI1ENT NUMBER FOR CHAINED OPEHATJIINI 
REGTJH • tiEGlrHilNIJ TlME PI.ANE NIJI'Ifi[R 
CHAl~ • I.DGICAI. FLAG FOR CHAINED OPERATIONS 
fkr • ~ASE FILE N4Ht EXTENSION FOR CHAINED OPERATIONS 
OEY • B.t,Se. rilE NAME DEVICE FUR CHAINED OPERAtJONII 
f'li.N.t,H • FILE IIPEClf'JCATION FON U~CHAlNEO PHOCEII!NG 
GUIC • GROUP UlC FOR CHAINED PHOCEISJNQ 
JNTSEG • IIEGMENT INTERVAL FnR CHAINED PROCESSING 
JNTlJM • TJ~E PLANE INTERVAL 
LSTSE~ • t:NlllNG IEGHftll NU14~ER FOR CHllN£0 PRDCU8lNG 
TST~P • TIME STEP SIZE 
Ut.lTS • HNEMOi~Jtl fOR CONCENTRATION UF CONTAtUNAI'H ATTACI'f!D TO 

SEDlHfNT6 (PC OR KG) 
liVIC • USER UJC FO~ (;HAINEO PJWCEUING 

CALLED 8V SPI-'H 
CALLS fOCOI>E 

AYl( ANS~!R,VEStFILN~"(l0)r8ASEC5)r!XT(l)r0EV(3),GUICCJ)rUUJCClJ 

l"llEGEihz UIUTSrtJEGSE~ 
lNT!GE.~t~ BEGTI"'rLSTTJH 

LOGlCALtl CHAIN 

,_NlTE!lrtJ 
HU,O( I r 19i ANS!t!E~ 
~HEN (ANd~ER.~~.Y£11) 

CHAIN •.TRUE. 
W~ITE(lrll 

o ijEAIJ{t,l9)FJLNlt1 
CAll. fPC OOE ( F lLIUM,IUIE, JSEG, EXT, DE V, G1JI C, flU IC J 
I!Rll£(1,4) 
H[AIJ(lr5)K!fiSEG 

, 'iRlT[(1 1 6) 
, REA0Ur5)L8TSEI.O 

1<1~1Tf.(1,7) 
H£Ati(I•SlliiiT!IEr, 

, ~ISEG• (I. 8 T SEG•f!~ G~EG) I J NT !'Iff; tl 
••• Filii 
F.LSf 

/.ISfG•I 
CtUlN•.F ALSt.o 
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0!1054 
00055 
0005~ 
Oil057 
00058 
1'10059 
000/:10 
OOObl 
OOO~l 
noooJ 
0006'1 
0001)5 
001.16~ 

OV0b7 
000,8 
OOtH•9 
001171) 
00011 
onou 
ooon 
ouu74 
00075 
00070 
00017 
V0078 
00079 
00080 
onoet 
0()082 
OOOtl] 
000~11 

00011'5 
QllQ~6 

ou087 
0001'!8 
ou0~9 
00090 
000~1 

OOO~l 
noo•n 
00094 
oon95 
00096 
()o}0'17 

OOil'l8 

c 

c 

c 

c 

c 
I 

2 

' • s 
• 7 

• • 
" It 
12 

" " IS 
16 
17 .. 
•• 

1'510ZI05 PAG~ OOOOZ 

~HJrf0.9J • 
• 
• 

R!.t,O ( 1, Z) '1!;1111, (FlL.NMt( J), 1•1, NCHfO 
~JL.N,~(NCH~tl) 8 0 

• INTS£G•I 
0 0 oF lN 

'IIAJTE(l, IOJ 
RE.t,IHiti1JRtGTlM 
<'~RlTEO•li) 
~£AO(t,tt>LIITTJM 
jjlllTEOtll) 
R!:AO(tdtJxr.IHl"' 
Nfl/4 a (L$TTJII•tifGTJM)/JNTTIH + 1 

>j~JTftld7) 
READ(idt!J T8H.P 
wRIT!(Id5} 
RE.V>CltlbJ UNITS 

""ITEll.eJ ,.,nco 
NR1Tft\d4} Nllt1 

RETURN 

FORMAT(//IOX 1 tt****** SERATHA POST PRUCESSIN& *******'II 
I '$IS THIS TO 8E A CHAINEO OPERATION (Y OR NJ~I} 

Fnloii"Af(Q,JOAIJ 
FORHAfC'teNTfil liA:IE 'IL.[ 'iAH[~ 1 ) 
fORMA I( 1 lfNTEK oiE.GI'INJNG SEGI'IENT NUHS!R (14)~1) 
fOR~'~AHhiJ 
I'Oit11Af( 1 $!NTE~ fNUI~G SEG~'~E~f NUMBER (lq)~l) 
FOH"'Al (I SENff>! JNTlfiUL. I:IE TWEEN SEGI'II!NT8 (14)~1 J 
l'iJ"MAH/lU,I,,'SE!OI"'E,HS (FILES) t1lL.I. !!IE PR\JCE8SfP'J 
Fll~MAt, 1 t!NTE>~ THE ~A~£ OF THE FII.E TO I:IE PROCESIEO 'ZIAIJ~ 1 ) 
FU~MAfC 1 1i£NTE~ ~E.GlNNlNO TI"'E PI,.ANE NllHBEH (JIOJ~') 
FUfoiMAJ(lt\1) 
FIHHilT( 1 SENTEfl ENUlNG TlHE PL,ANE tiUHOt:R (110)~1) 
FfiHMU(IJE,~TE.ti hTER~At. 6E:TIOI££N TIME PLANI!I (110)~1} 
FOHMAl(/IUX 1 It. 1 1 TI11E f'L.AIIfS I"OR I!ACH SEGMENT IilLI., BE PROCEI!It.IJ~) 
FliH"H( 11tNTE'f THE CO~ICENTRATION UNlTS {PC OR I(U)~I) 
I'OR!o!.\T(AZ) 
FORMAT('I~NTE~ THE Tl~E STEP 91Zf ('IO.Ol~'J 
FUAMAT(FIO•O) 
fOAMAfOO•IJ 

'"" 
(FI,ECS ~ERSIUN ll.4b) 

··-··-----------------·-·-------------·-
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OOilOI 
00002 
00003 
O!lQ04 
00005 
1)00ll6 
UOU07 
00008 
00009 
00010 
00011 
QOGii! 
0\1013 
00014 
0001') 
OOUlb 
00017 
0001!1 
0001~ 
OOOi!O 
OOOi!l 
oJ002i! 
OOOi!J 
01)024 
1)00?5 
000c!6 
00027 
00021! 
001129 
OUO]g 
ooou 
OOOH 
OOOH 
000114 
00015 
000]6 
OOOH 
00036 
ooo l<o! 
OOUilO 
OQOij 1 
OQ!lij,i! 
000113 
OIJuqll 
000/J'j 
00QIJ6 
O•lOII 7 
00Qij8 
000'111 
UOfiSO 
fl005l 
Q005l 
OIJOSl 

ISIOllll PAYE IJOOOI 

···••·•·••···•·••···•·•·•····•····•···•• 

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 
c 

SHBROUTl~E HYOOA.TIAI.fN, AHtA, OELTI1 1 OELZ, 0501 lt:l'tO, HLDt.RH, 
I NSET8 1 NlJ/o'EHR, llMLf.N, O[PfiiiN, bLZIAV, fJ.) 

Ot.PMIN HAl SEEN AOUt.D TO Tl'l[ SUSROUTINf CA.I.I. 

H:JS f;!QUTI"<E U RE8PONSI81.! F'OR AfADlNG AND f'ROCUIIHG TH! 
HVOIHJLOGV O.t.H, THE DATA U A(.t.D FROH THE JNPUT $TitUH (LUN I) 
A>.~rt .. RITTt..~ TO "HYOROLOGY.T'4P" (I.UN QJ ,OR USI OURINQ THE 
SJ!oiUllrtON, 

F'ORMll PA,HA"'ETt.HSI 
ALEN • 
AREA. • 
\)f.L TH • 
Ofl.i • 
050 • 
EC tto • 
11LUEIIR • 
~SETS • 

NUMERR • 
~IML.Et-1 • 

SEfOMEIH I.ENiaH 
CROSS SECTJONAI. AREA Of EACH ELEMENT 
TIME STEP IN SECONDS 
STANOAAU ELE~ENT THICKNESS 
M[tiiAN tH.D SEDIMENT tllt.~ETER 

LJt>tE P~INTf.R OPTJUN CD""TAOL VA1tl-'8U (1.*1) 
MOI.OlN~ ARRAY FOR EHROR NUMBERS tBYT!l 
NU~SER OF Tl~ES INJTtAI. CONDITION& HUll BE N~ITT£N 
TO OUTFLO. (NSETS ~ Ofi.TH) • TME AMOUNT Of TIME IT 
UM.ES fM[ f'LON TO PUS TliROIJGH THE UGMENT • 
t~UMSER OF lt4PUT ERifORI 
Sl~UI.ATION LENGTH • SECONDS tlA-) 

Ct.I.LEU ijYI SERATRt. 
Ct.Ll.fH PUT!MA 

SYT! 11L.O[MR(IU0) 

JNTFGER•q ENOT(M,P~ETJM,&JHLEN 

RIEt.L. lNf'Rt.C 

OI'IENSION AlU.II(MliEL!")' UEA(MXELEI'fJt A>flO(MXELEHJ, 
EL(MxELfMJ,~SARtACMKEI.fMJ,a~IPtMXE1.£MJ,I£LH(MKELEMJ 

~E,.INP q 
NSETS•1 
f>EI<O • o.o 
lDELTH•If'JX(OfLT~J 
~EPEAT l1NT1L {fN1.1Tll'1 0 [W 0 ""99911) 

CAMU lZoo••••oooHYOR~LOGV O.t,lA •• THIS Ot.Tt. 18 ~RllTEN TO LUN a 

o COL, l•IOo-.ENDlJM 000 fNVlto~Q TI'1E FUH THE(I.t.U ON THE CARO, UfC) 
A•l ENTRY IJf •'1999 lEfiiM.lNt.ltS TilE OArAo 

ll•i!O,,,r.a ••••• ,,TUTAL lliSCHARGt: OF THJI Sf:GI'It:HT {11••:JI!;fC) 
2l•lo,,.r,.o••••••• TtllAI. I)JSC11A~GE OUT OF THIS SEGt'fHT i-1••!/it.CJ 
!I•IIO,,,t•EPTH ... ,FLO" OEPTI"I (>lflE~81 

41•50 •• ,TE"P~••••~ATEM lt~PtRt.TURE 
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00t.t54 
00055 
00056-
01)057 
00058 
OolOSq 
0001'10 
000b1 
OQObi 
0006) 
00004 
oooos 
00004 
00007 
OOOfol~ 

1111069 
IJ0070 
00071 
000 1i 
00117) 
OOiH4 
001l75 
ooo7b 
00077 
00078 
00079 
00080 
0Uil61 
OOIHIZ 
000.11] 
00084 
oooas 
OOO~b 
(10087 
ou 1)88 
00089 
00090 
oooQl 
OI.IO'n 
00093 
0009~ 

00095 
ouo90 
011097 
OOI)'Jd 
0(•099 
00100 
01'1101 
ODIOZ 
00 J 0] 
on 104 
00105 
oo I Of.t 
110107 
0011)8 
00109 

' 

c 
c 

c 

' ' ' c 
c 

10 

too 

' c 
c 
c 
c 

' 

• 
• 
• 

• 

• 

• 
• 

• 

• 
• 
• 
• 

• 

• 

• 

• 

• 
I • 
• 

• 
• 
• 
• 

• 

t. 
• 

1510ZJ11 PAGE OOOOi 

REAO(I,Il E~DTJ~,rii,QU,DEPTH,TEMPR 
IF ([NlHJI'I e~>~E, •q999) 
1 JF (H00(fNI>TJI1 1 10EI.TH) 1 "f£ 1 0) 
I • NRJTE(Il,tO) ENDTJM,IDELTH 

o FORMU(I oliAJoHHNGuu ENDTlM',UO,' U NOT A I'IUTJPLf OP' DELTH 1 rll0) 
1 • £NnTt~•tE~DTIA/JDELTHtll~JDELTH 
I ••• FIN 
11 ,FIN 

IF (!NDTIH 1 N[ 1 .qqqq) PRETIH • ENUTJ~ 
UNL£89 (ENDTl>l ,EW, •n9'1) 

HINI"'UM DEPTH P'LAQ TO UIYERT FRUH FUWTH(R CALCU~ATIOH 
NELlH•O 

I YOLiO. 
Y!L•O, 
00 fl•l, to! Xl!:lf H) 

1 1 A'4IOUJ•0 1 

• "ifjJDUhO, 
ABARUi•o, 

, • ltLHU,.0 1 

1 o XIAREA(lJ•O, 
• ,,,I'JN 

• 
• 

• 
• 

• 
• 
• 
• 

• 
• 
• 
• 

11' {DEPTH ,WT, OfPHIN) 

• 

• 
• 

• 
• 
• 
• 

• 
• 
• 
• 

*** COMPUTEt ~£LE~,,. 1 NU~BER 01' !L(HENTI CD~TAlN£0 WITHIN Of~TH 
ABA~ttJ,,AVEWAG£ lR!A D' lLEH!~TI J AND 1+1 
AW{O(J),,~JOTH OF ELEMENT 
VOL.,,.,,TOTAL ~OLUME DF THE IEG~!NT 

VUL•O 1 

~ELEM•OEPTHIULZSAY 
O£LZ•DEPTHINELf~ 
WHEN(NELEM 1 L[ 1 I ,OR, NfLEHtl 0 ;T, HX!L!HJ 

"~lTEtb,IOOJNELEH,Mk!LEH 

1 FOR~AT(5.1FR~~ HYOOATI NELEH•IJJI 
1 CALL PUTEHR ( 14, NU~ERR, ~LDEIOtJ 

• "''ITEUrOl 
, 11 ,1N 
ELSE 

CALL TRNPnS (AltAR, ARE A, A w I!), ALE N, 81111 o, O!LZ 1 El, IELH, NELEH 1 
lfSAR[A,VOL) 
C4.LL RAI)JUS (&LENt ARU, CRUUC, UEPTH, EL, HRAD) • 

,,,fiN 

• • JT Jfl JMPL1C1TLY ASSUHED THAT A I)IJifjN3fREo\H COURA.Nf 
NU~BEH AT OR NEAR UNITY HAS 8Ef~ EMPLOYED IN THIS 
ANALYSJ8 

• • 
• • 

• 

• 

• l~I'R&C•O,S~QI~UfLTHIVOL 

1 flfi'RAC•I,O•l~FAAC 
, VEl• (I NFR AC ~t.IJ tE ~F R &C• ill} J ~&LEN/ YfiL 
• o ,FIN 
WNil E (II l ENO T IH, NELEI'I, OELZ ,•n.,ur>,VOL 1 VEL, A"ID, AREA, TEHPH 1 
(SA~[A,1ELH 1 0EPT~,e~!D 1 ABAH, HR&U 1 C~OIEC 
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00110 
II 0 Ill 
00112 
01.1113 
001114 
00115 
oo II b 
00117 
Olllt~ 
oo II q 
001.!0 
00121 
001~l 
110121 
OVllU 
1)01<?5 
oo IZb 
00127 
00128 
01112q 
OOIJO 
out H 
OOU2 
0 tlll.S 
OOL\ll 
0013'3 
OOllb 
00131 
oo 1]8 

c 

c 
I 

c 

' 

' 
' • 

1510llll PAGE 0000) 

IF tECHO) 

• 
, , ~RJTF.(b 1 2) !NDTIM 1 NELEM 1 TEHPR,QJ 1 Qo,DE~TH 

1t1R1Tf(b 1 J) • 
• 1>0 (J•l,NELEI'I) 

, ~UJT£(0,4)l,AWlP(l),A8AR(l),~R!A(I),I~(I) 
, , , ,,,FIN 
, 0 011 fltl 
, ,,,FIN 
,,,FIN 
1F (PRETIH ,I.To $IMLF.N) Cll.l PUT!RR(25, NUH!Rit, HLD!MR) 
RE:o~IND " 

Rl'.T\IRN 

FURMlT{ll11 10f\O,O) 
FORHAltlM0 1 5B•,'HYDROLOG~ DATAl/ 

I qx,tto,•,,,OATA SET ENDING TIME 1 / 

2 111)(,15, •,..~~Ut1 iiE~ DF ELf.:HENt$ IIITHJN T~E FLOif D!PTH'I 
3 7)( 1 1PEI~ 1 5r'••oWATER TEMPERATU~~IJ 
b 7X 11PE12,51 1,,,TOTAL OISCHAMGE Of THI! SEGH!Nfl/ 
1 7Xr1PEU,'5, 1,,,TOTAL DJSCHAR!;! OUT Of THU S!OI'tENTI/ 
" n.,iPEU,s,•,,,FI,,D.O DEPTH') 

FORM AT( 1 r10 1 'ELE liEN f' 1 4 X, I IIEGME.NT I 1 1 QX, 1 AVEHA&E I 1 liKJ I NOU! YP•AREA I, 
1 11Xr 1 NOUE tLE~'ItX 1 1 NUM~f.RI,.X,•wtOT~ 1 ,t2Xrl!LlMlNT A~CAI) 
fORMAT(J~,J2,ijX,1PEt2,5,9XrlP!l2,5 1 10XrlP!l2,!rlOX,IPEllt4) 
fU!tMAt(IJ'50ll, 11JEPTH TOO GREAT fDA THE MAXIMUM NUMBER 0,, 

I I ELEMF.:NTI'IIJ 

················-······-···············-
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(flECS VE~SION ZZ.4bl lSI!IliZI PACif. 00001 

00001 
uoooz 
oooon 
1)0(11!11 

01'10{15 
00006 
l.o1100, 
OOOtHI 
0(1009 
001'110 
lidO II 
00012 
ouo ll 
000111 
00015 
1)(1016 
001)17 
(11•018 
fiOUl'l 
ooozu 
00021 
0U0?.2 
00023 
000211 
OOOi'S 
lh)Ui!O 
Q0027 
00fl21l 
00029 
OOOJU 
OOOJI 
UOOJZ 
IJOUH 
00 IJJq 
00035 
OQ(Jlb 
00Ql1 
OfoOJI:I 
uooJq 
OUOIIQ 
IJllO 'l I 
090ll2 
ouoq3 
OOUllll 
I)(II)IJ5 

001146 
OOvl! 7 
0004(j 
ovoqq 
00051' 
00051 
0005.! 
OI!O'H 

······•··••·•·••••••••••·•···•··•··•···· 

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 

r 

' ' 

9Ut!ROUTJN[ 
I 

H'(:)fl0UL£N, UE.l 1 .liNJO, OEI.l, OEPTHt 050, 
ElEv, ENOHVO, ETli<IE, fEMHDR, tt1UI) 1 III(L!M, 
tJfiiiiJJ 1 Pf.LEV 1 QHlN 1 lilHOUT 1 1lV, RJVI!H 1 IL0,.(1 
STMESS, l!:MPR, VEl, VOL, DtPkJN, 

2 

' ' liSAREolot lh!JU 1 AIUR, lilt, CROUC,QO,IU.~J 

TillS SUKROUilNE I3 CA.ll,ED E•tr-t fii'IE ITEP TO lfEAO Alll'f' NEW H'f'OROLOU'f' 
I.JATA THAd oOjS I'IRltlt:h TO LIIN 4 RY IU8ROIJTINE H'f'DOAT 1 

FORI'IA,L PAioCA11ETER8t 
ALEN • LENG I H !JF HIE SEGMENT 
A~EA • AREA Of EACH ELEMENT 
AIIIJI) • ELF:HENT WIDTHS 
UElZ • STANOARV ELEMENT THIC~N£11 
OEPTH • 1'"1.0111 OEPTtl 
PSO • M[Dil~ KEO I~DIMENT DIAMfTER (METER) 
ELf.\1 • IEOMEtH EL.E'fATION 
fNI.lllYD • ENO!NG TIHf UF THE CU~RENT H'tlHIOLOG'( DATA (tUl 
ETJ~E • !L.APSEO TJMC OF THE 81MUL.ATJUN (1*4) 
FERROR • I'"ATAI. EH~OR fLAG (Ltl} 
IIRAO • HYO~AUI.,IC IUDlliS 
NELEH • NU~SER OF ELEMENTS 
Nf.Wiotl • N[w fH DATl fi.AG IL•1J 
PHf'V ELEVllli.JN OF THE UPtTNfAM IE&MI!:NT 
UHJN INFLOW UJSCHAHGE 
QHOUT • OUTFLOW OISCHARGE 
4\1 • VfRTltlL FLO~S 
ftl\ltR • SHEAR ST~EES COt·IPUlATION CONROL VARJl8L.l (l*l) 
SLUPE • HEV 5lOPE 
STI<'ESS • 6[11 SHEAR :JTREU 
rfl-lPH • dH.~ TEMPEkATllRE 
~f.l fLIJw VfLO(J JV OF I~HIJUf 
VOL • SEGMENT VOLU~E 

CALLEV 8Vt 8ERAJRA 
CAI.LSI tiHfAI(R, liHfAI(S, 1-'HOFll 

l'~CLun£ IELM15tz.PRI11 

JlvffGER*II EflMf,ENf"ltiHI 

0!MfN5lON 
I 

ARfl(HkfLEioCJ, AWIQ(M~ELEM), 

I.IHOliT(Mli'ElEM), •lY(MXElf!o1), 
XSARf.A(MXEL£M), AWIUlMXtl.f11) 1 
lELH(I'IXELf~),OUMilJ('I~lLEH) 

2 

' 
UAT• SECVAV/~h400 0 / 
!lATA ~rl0/1000 0 / 
~AT• ZfR0/1.0~•05/ 

B.42 
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AI:IAR (MXEI.EM), 



000511 
01•055 
oooso 
110057 
ouosa 
Oil 0'59 
ooo,o 
001161 
00062 
00061 
QOOM 
0006'.i 
000o6 
1)00&7 
00068 
00%9 
1)0070 
011071 
00072 
OIH.11] 
000711 
1)11075 
0007b 
01'11177 
0007fl 
1'1007'1 
OOO!lO 
00081 
000~2 
OllO!i] 
QI•Obll 
000~5 

oo 0~6 
OOI)Iq 
1)001\A 
000 1!9 
000')0 
011091 
Q(lQqj! 

OOO<JJ 
0•)0\jljj 

OIIH<JS 
on n•Jt> 
00091 
00\J'JA 
000119 
ootoo 
110101 
0•1102 
ou I •11 
0010~ 

c 

c 

c 

c 

' 

c 
'" 

'" 

' ' 
c 

FEIHWR • .FALSE. 
rlEI'IfH • ofALBEo 
lF tEll~~ 0 Glo f~UH10) 

tlfi'IWI • • TtfUE. 

15102121 PAGE 00002 

REPEAl UI.ITIL (EllMf 0 L.E, ENO~YO) 
• RE AI' ( ~, ENI.l•ll' 0) [NOH YO, NELEM, DEL. Z 1 lol J 1 go, YDl. 1 VEL, llrH D 1 ARE A 1 TEI'IPK, 

t. • KSAR~A,1ELM,UEPTH,6WJO,A6AM,HRAU,CROIEC 

• 

••• "ltl 
lf (UEPlti ,G!!, UEP'1l10 

frlti[N (HJVERJ 

• • CALL BttE•RS ( .i,Lf" 1 El.fV 1HRAD 1PELEV, ILOPE,ITRUB,USTAR) 

• • 
•• ,fiN 
ELBt 

• 
• 

CALL 8'1U,IH~ ( l)fPT H1 050 1 STRESS, U81 AM, VEL. J 
8LOPE•BT~ES8/(~HOlHMA0) 

I • 
• • 

I • 

• • 
• 

• 
• 

••• FIN 
CA.LL PROFJL(ALE"', Ai'IJO, O[LZ, OEI'TH, 

VOL., QtiJN 1 UHM;<y,o,OEI.l) 
CALl. PRI!Fli.(Al.EN 1 AlfJO, I>E\,l, OEPTH 1 

VOI.r !AHOUT 1 OUHf'IY 1 O, DEI.ZJ 
*** CONV!~T UNlT8 TO H••l/OA1 ••• 
oo tJ•lot<IELE~'~J 

IIHJN(J) • lllilN(J) * SECOAY 
• WHOUT(J) • WHOUT(J) * SECDAV 

*** COMPUTE YEHTICAL fi.O"S ••• 
LlV(I) • 0.0 
Do tJ•lrlllli,.E:M) 

NELE~, QO, UITAH, 

• ~Y[JT\) • QHlN(J) • QHOUT(J) t QV(J) 
• o • ,f-IN 

• • 0 • F 1111-
• 0 0 F JN 

•n ruRt< 

CONTl,iUt: 
fERI'IO~ • .TIWF., 
"~lTE(O,tJ 
FUR~Al(JOK 1 1 f~l~L ERROR • HYOHOLOGV OATA. EXHAUST[OIJ 
Ht:Tllk~ 
CO~TlNI.IE 
f'EI'IRUH•,T~"~UEo 

.. 1~1J£{flo,3J 
~HlT£{6,ZJ (J,"V(J),J•IrNEL.Pl) 
fU!HIAT(I"K, 'fAhL E~R•JR • YE•HlCAL fLUX CUMt'lilATlUN') 
FUH~AJ(t~X.I5,1Pt12.D) 
ffFTuau 
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1510il)l P~6E 00001 

·······-···-·····--················-----
00001 
00002 
00001 
1,)0004 
0001)5 
110006 
00007 c 
O!lOOfl C 
OOOLl'J C 
00010 c 
00011 c 
ooou c 
00011 c 
000111 c 
001.115 c 
Otioa C 
00017 c 
00(118 c 
01)•119 c 
00020 c 
00021 c 
oouu c 
0002] c 
1)0024 c 
OIJ02S C 
00~2to c 
OOOZ? C 
IJOOZ8 C 
onozq c 
000}0 c 
011031 C 
00032 c 
OOOH 
OOO}q C 
00035 
ooon c 
001)17 
no OJ a r 
0001</ 
000110 
000111 
00011? 
001111 l 
1100411 
OCJO(IIj 
OoJO'Ib 
00047 
000118 c 
0004Q 
00050 
000';1 
000'52 
uonsJ 

81.1BROU T 1 Nf I CFLO ( CC 1 N, l't::PTH, Ufl.l, n5 0, f.NOI C, f T JI1E., 'ERROR, 
I lfiF1..11 1 l8EG, Nfi..EH 1 NEWJC 1 
2 !1Hl1'1 1 !1Jri>EPMlNr~LEN 1 
l IJEI..r IJIHO, )(UHEA, ~REA, AWJ0 1 OFZ 1 VSET 1 
4 ELt Et.E V, PEt.£ v, RIVER, ,.E JjQ 1, i.!EioiTRB, 
5 '-'~•PI>fPTH,CNUOf) 

THIS ROUTINE IS CALLEU E~CH TIME STEP TO RfAO THE lNITlAI.. 
CO!>llliTIOnS TO THE FIRST Sffl,"'fNT OR THE INP'L.OI'I! 
F~OM fl1f PREVIOUS SE9M£NT. 

F0~.'1AL PARAMETERSI 
CCIN • CO~Cf~TR~TION OF INFLOh!• CELL CfNT!REO 
DEPTH • FLO~ DEPT11 UF THE CU~RfHT SEGHENl 
OEI.l • 8TANOARU ELEMENT THICKNESS OF THE CURRENT S!WHENT 
ENUlC • [NOINQ TIME OF THE CURRENT INITIAL CONOlTIONi OATA 
ETlME • (LAPSED TIHE OF THE SIMULATION CJ•q) 
Ft~HOR ,ATAL. EHROR FLAG (1.*1) 
lNFLO LOGICAL. UNIT NUMBER FON OATA FROM PREVIOUS l!fi,MENT 
ISEG • CURKENT SEGMENT NUMUER 
NELEH • NUMdEN OF ELEMENTS IN THf CURRENT SEGMENT 
NEL.lH8 NUMSEN OF EI..E~ENTS IN THE PREVIOUS S[QM!NT 
N[~IC • INITIAL CONOJTIONS FL~G tL•IJ 
POELZ • BTANOAWO ELEMENT THICKNESS OF THE PREVIOUS lffi,HfNT 
PUEPTH • FLO!'! (tEPTH OF THE PR!VlOUS JEfl,f!fNT 
QHlN • INFLO~ DISCHARGE 
~HULD • OISCHA~GE INTO THE IEGI!ENT FROM TH! Pk!VIOUS ONE 

CALLED BYt IEHATRA 
C~LLSI fQUVCSr flJUPXSr PltOFJlr R~OIUS 

INCLUDE 'ELMSIZoPRM' 

lOG I CAL* 1 Nfi'IJ C, NE WIH 1 NER TN I-I 1 fEIHWN 1 R I 'r'ER 

01 Mf Ntl I ON CC J'l ( MXELEM 1 M A ICC ON} r C/1100[ ( HliEUMr MAICCON} r 
l QHJ tl (ti•ELEMJ, IHIOLO (,..ICEI.EM} ,ICURE~ (!1.1CELUU 1 
l P .ICSAR ( M ~Elf~-' l , lfl.P ("'X Elf H J ,u,oj 1 D ( fllxt.l.fH J , UIJIIlA VG ( t'IICELE"' J , 
3 Htloilk9 ( M ICE.I,.E H J, UEL ( 11kElfM) r 7MASS ( MUC LIN) r 1"1'1 IL)( M)(flfJ1 J r 
t1 OCNOOF. ( ~><ELEH, MA)(CON) r 
5 AA~A(~II.ELEM), AWIO(M~fi.EM) 1 DFZ(4Jr V8ET(]) 1 

t> EI.(M:(I:.LEMJ, U.A,;f.A(I'I~flEMJ 

OATA RH0/1000,1 
OAT.A SfCUAY/8640U 0 / 

FERRO~ • .FALSE. 
I•E. .. lC • ,fALSE. 
Ji>HI•MICfi.t)1 
Jf>J'"•MAXCON 
WHEt.~ (!Sfl> ot'Jo t) 
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1)00511 
IIOIJ55 
00056 
001157 
ooos~ 

\)0059 
onoco 
00001 
00062 
0000] 
0110611 
0001>5 
0(1\)bb 
0001>7 
000btl 
OOO&q 
00070 
(111071 

00072 
0007 3 
000711 
1)(1075 
00070 
00077 
00078 
0007q 
00 lltiO 
00081 
011062 
0001)] 
00084 
UIJ085 
QIJH& 
oooa7 
000811 
oooeq 
oooqo 
~UO'll 
ooon 
110093 
oooqa 
oooqs 
f'IOOqo 
000q7 
nooq., 
(10099 
()0100 
00 t •ll 
00102 
0010 l 
001011 
0!1105 
0010& 
onlo7 
DOlO" 
oo I 09 

c 
c 
' c 
c 

10 

• 

• 

• 

151D21ll PAGE 00002 

Dl&TRl~UTE3 INITIAL COtJUtTlONI UP&TRUI'I C!F lNlTIA\. IEG!'IENT BY 
CONSUIYING RElATIH CIHlSS-8ECTJ0NAL iRUS AHP OUCHARGU-•• 
ASSUMES LlNEAA PWUfJLE Of ~OTH SEOli'IENt AHO PARTICULATt, A~O 
j'j)QTH A L1N[4A FUNC'flON 011' DI!:PTH, 
*** lNITlAL CONOITlOHS •** 
IF (ETlME ,GT, ENOICJ NfWlC • ,TRUE, 
lf(NE"IC,OW,~EwQI,UR,~E~TR8J 
, UNTIL. tETlHE oLEo [NOICJ 

• REAl)( l 1 E~U>•ZO 0 l E NO lC, HMr POEPTH 1 ( (CHQO! ( 1, .I), J•l , MAKCOtU, 1•1, Ntl) 
, , ,f-IN 

, IF(UfPTH .LE. Ot.PMlNl RETURN 
IISsll, 

, PIIS•o, 
co~•t,/12, 
OU(I•l,tli'IJ 

• , lf(POEPT~ ol[ 1 UELClJ) QO TO 10 
PlfSUJ~II)( HI) 

• 

~"~B•UP1ll>tl) 

, t.T •IJ£Lti+I) 
te.un t1 J 

• 
if (Ptlf.PTH ,L.1 1 fTJ 

~T•I'IB+(PIT•"&l•tPDEPTH•EB)/(fT•£8) 
[T8PDEPTH • 

• • ,f JN 
, • Uf.L.TA•!.T•£A 

, ~IISAR(l)•(P1ftJI8}tOEL.lA12, 

P~a·P~S+P~IAR<IJ 
o o • • MfLEM•I 

• 

• 
I • 

• • ,f-JN 
CONTI,...UE 
[)U tl•lrNEl,EilJ )..8.XS+~8AR[A(1J 

, RAT10•PII.S/X8 
CALL £CUPCS(PXSAR,UH10 1 U£l, 1 XSAREArNELEM,M!L.£M 1 RATIO,JEL.P, 

HEQX8rFEHROR, DELTA) . 
o lF(,ERRUR) Nt.TURH 

, , ()0 ( h1, l'lf.LEM•1) UI'IIJAVG(l J•( llWIOU) tUiollD (J+\}) /lo 
U~OlVG(~fl.fH)•(UHl0(MELEM)+WT)/Z 0 
UUELslJEl (2) 
UYOL•PXS*o\L.EN 

• , VU.•Ql/PXS 
c·•~•••••••••••••••••••••••••••••••••••••••••••••********************** 
C o tHANGE 3112/81 
t 

• • 

OU (1 •t 1nUL.fMJ UARE~OJ•U~'~lOtU•lLEN 
CALL AAOLV& to\LEN,UAREAoCRUSEC,POt~TH,UfL,HHAO) 
Wltfi~(IH~ER) 
, C AI. L SHEARS ( ALEN, £I.E V 1 HR AO, PELEV, SLOPE, STRE Stl, IJB T Alol) 
0 .. fiN 
ELSE 

t • • • 
Cttl*****************'*********'***•***'*******"**'**********'********* 

• 
I • 

• 

• 

o tAt.L 8HlAHR(PUE~Tt1 1 0S0 1 STAESS 1 UST.I.I(rVEI.) 
SI.OP~•ST~ESS/(kHO•HRlOJ 

oo of lN 
CALl PROF I L (ALE~, lJWIH VI} 1 UUEL 1 I'OEP I H ,Mt.Lt M, IU , US 1 AR 1 UVII\. 1 Q!!OLO, 

11EL,t 1 0EL1"-) 
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oo II o 
UOJII 
00112 
00111 
0011 ~ 
00 115 
011116 
01Jll1 
oo II t1 
00119 
OOIZU 
OQ Ill 
0012l 
00121 
00 124 
onus 
00 llb 
OOI.lf 
00tl6 
00129 
out 10 
00131 
OOIJZ 
oo Ill 
0013~ 

OliiJ5 
001 36 
00117 
OOlJ8 
001]9 
0\lltiO 
flOUt 
0014l 
Olll/!3 
OPl<i~ 

OCJ145 
lllll/46 
001147 
001<16 
0(.1)1~9 

00 ISO 
u•l IS I 
00152 
IJO I ')l 
001511 
00155 
on 1 so 
l/0157 
00 I !>1:1 
00159 
oo I 60 
OOibl 
oo tez 
ou 161 
fllt1b4 
001 b5 

• 
• 

• 
• 

• 

• 

• 

• 
• 

I • 

'· 
• 

• 

• 

• 

I • 

I ; 

• 

I • 

'· 
I • 

'· 

• 
• 
• 
• 
• 
• 
• 

• 
• 

• 

• 

• 

• 

• 
• 

• 
• 
• 

• 

• 

• 
• 

• 

• 

• 

• 

I510Ztll PAGt 00003 

PO CJ•t,HELEM•I) 
• liliOI.U ( 1 J•WHOLU (I J tSECUA Y/ (UioiiiAVQ( 1 J * (UEI. ( 1+ I J•IJfl. ( 1))) 
o 00 1'lN 
!tiHtl[O (MEL! H) •IJHUL.ll ( "'EL.EH) * SECOA Y I ( UWOAVG ( MEL.EM) tOE I. T A) 
DO ( K•l 1 MAIICilN) 

IFCK .L!. l oOH, K ,Hie 1) 
• • UPS~O•WHOLU(Il 

RT•UWJ1..1(2) 
WIJ•UI'IlD(tJ 

• 
• 
• • 0EI.•Uf1.(2J•UfL(1) 

CT•CN00EC2rt0 
• • Ca•CtHJllUirKJ 

• 

• 
• 

• 

• 

• NELI'illhl 
C~SAH•UEL*(CTti'ITI1,+CT•watb,tC8tloiT/b,+CB•-81],)*UPIWO 
CMSI1U•o, 

, THASSCKJ•O.O 
lf lK ,Nfo 11 

10 T•CNOOE 1Z, II. t l l 
• 0 Gij•CNOOEt!,Ktl) 

• PM9AII•OELt(0,2S•CWrtCT*'TtWB•C6t108)t 
CO~t(WT*C8tG6t~~*CTtQ8tWHtC8tGT• 

• • M6•tT•~TtftTtCStQTtWTtCTtQ8i)tUPIQO 
PI'IStiA•O, • 

• T1'1ASS(Kt3)81J, 
• • ,.,FI"t 

• 

• 

• 
• 

, DOChlr111ELE11J 

• NELHTP•J!LP(J) 
upsr~O•I.It101,.0 C "'EL"'T P) 

• , fT•UtLCNELMTPtl) 
• EB•UEL(~!LMTPJ 

WT•UwlV(NELHTPtlJ 
, , ~S•UWIOC~ELI'ITPJ 

• • CT•C~OtlftNEL~TP+IrKJ 
CB•C NOll[ t ~fl.f'1 TP 1 II.) 
HEL•HE•US(IJ 

• • • FiCt•CHEL·E~1/(ET•E8) 

• 

• 

• 

• 

• 
• 

fAC2•(ET•HELJ/{ET•E~J 
CTOP•CT.,. ACl+CAtFACZ 

0 ~T{IP•"T*FAClt~H•FACZ 
CMSAT• ( E T•tii!L. J * (C T .II !'IT /3 1 +C TtWTOP/•• tC TOP• loll /6 0 tC TUPtWTUP13o) 

0 1 11UPSVU 
CM3b h C HEL•E8 J,. ( C T OPt" TOP /] 0 tC TUPt~<~ll/6 0 tC6tiHOP/b • tCKt 1'111/3 0 ) 

tUP5tJU 
0 0 lf{K. 0 111l 1 7) 

bT•CNOOE(NELMf~tt 1 K+JJ 

• 

• 

• • 
• 

• 

Gti•CNtl()f ( lll[l. M T P r 1\t]) 
C. frJP•I.OT11F AC ltGif11FA.C2 
PHSAI•(El•HELlt( 1 25t(WftCTtWl+WTUPtCTOPtGTOP) 
+C 0~•• I 'ITt C I OP •G t OPt"' l UP tC T*GTOPti'ITOPtC T OPtli T + 
~TVPtCT•GTt~T•CTUPtGTt~I•CTtGTUPJ)*UPSQO 

.- HSEI T• ( 11 H•lb) *I 0 • 2St t ¥; TOPtC TuPitG TO!'+ W8tCHtG8 J 
+CO'U t WTOPtCI:I•!i!H'IHtC jUPtl08t iojtUCijtlf TOP+ 
~H•CTOP•~TUPt~'~lOPtCH*GTOP+WTUP*CTUPtGK))tUPSijU 

• o of JN 
1 roW I C•I'.EL H T p,.NE L "1H T 
C!'lASS•I10 
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OOIM• 
001b7 
o.lO lbtl 
OtltbG 
001711 
0(1 t 11 
00172 
00171 
oo 174 
oo 175 
00170 
00171 
00116 
ou 17'1 
Oil Ifill 
0{1161 
00 I Ai 
1.'101~1 
00 tAll 
00165 
oo l~b 
00167 
001~~ 
QO lt<q 
ootqo 
00 I 91 
00 I ~2 
oo 1 en 
00 I qq 
OOI<IS 
Oo I <lb 
00 t qJ 
Ot1I'HI 
ootqq 
onzno 
002<11 
002(ll 
00201 
OOl!'l II 
OOltlS 
0020h 
0021l7 
ooco~ 
OOCI)'t 
00210 
OQ211 
00212 
00213 
0021 II 
00215 
0!>2\b 
00217 
0021A 
0021q 
00220 
Oo221 

c 

' c 

' c 
c 

• 

• 
• 

• 

• 

• 

• 
• 
• 

I • 

'· 
• 

• 
• 

• 

• 
• 

• 
• 

• 
• 

• 
• 

• 

• 
• 
• 

• 

• 
• 

• 

• 
• 

• 
• • 

• 
• 
• 

• 

• 

• 

• 
• 
• 
• 
• 
• 

• 
• 

• 
• 

• 

• 

• 

• 

• 
• 

• 
• 

• 
• 

• 
• 
• 

• 

• 

• 
• 

• 

• 

• 
• 

• 
• 
• 
• 
• 
• 
• 

• 
• 

• 
• 

• • • 
• 

15102111 PAGE 00004 

P~ASS•O. 
H (ltlDlt 0f.l.l, 0) 
• CMASS•CMS~T·C~SHB 
, Jf(K,r1[,71 PHAShPMSI:IT•P/1898 
, o ,F 1"1 
lf(li;OIC,GE,I) 
• C~AS&•CMS~TttHSAR 
o IFtK,NE,7J PHASS•PHS8TtP~SA8 
,,,FIN 
H'(INOIC,QE,i!) 

• 

OOIJ•NELH~Ttt,NELMTP•l) 
, OEL•UEL(J+IJ•UEL(JJ 

ChCNOOE(J+ItiO 
, CB•CN00f(J 0 K) 
, liPSQO•Q;tllL.D(J) 
, "'hUIIIIO(J+l) 

.. a.uo~lD<JJ 
CMlSS•CHA8BtOEL.*(CT•~T/l 0 +CT••8/0,tta•WT/0,+CI*"H/],)*U'I;U 

o o H'(lo;,NE,J) 

• 
• 

• • GT•CNOOE(J+ItK+J) 

• , QA•CNOOElJrK+]) 

• 
, o PMASB•PH.S8+D£L•(0,25•(-T*CT*GT+W8•ti•QBJ 
• +CON* ( Wl'l IIIC T IIIG f+ WT IIICit*Gf+M UCT*G6+111TiChiB•WBIIt; hlilfUB•C"*Ii T J ) 

• , •UPSiiiO 
, ,,,FtN 

o ,,,FIN 
.,.FIN 
TMASS(KJ•fHAS$tKJ+CMA88 
C/'1 • SS•CH A88/llH 1 N (I) 
CMlUij•CI'ISAT 
CMStii\•CMSdT 
N£LHKT•NEL.MTP 
lf(K.Nf 1 7) 
o PHS•B•PMSA T 
• PHS~S•PHBBT 
1 THASStK+lJ•THl8S(K+ll+PMAS8 

PHAS$sPMAS9/Q~lN(I) 

0 0 .fJN 

• 1 COMPUTE•PRuFIL.E•~4LUES 
• 000 FJN 

, , ,,,FIN 
0 0 0 0 ,f JN 
• , 0 ,Fllll 
• 00 F IN 
OIST~UtUH.S JNlllAI.. CU•~OJTl(lN!'I UftSTI<EAM OF SUe&EQlJENT 8rGHEN1a tiV 
CUt~SEf.I.Vlf.ll> tiASS FLIJ1 •• ASSlll'lfS L.!NE.I,I< UP~TI<EA11 DiSTRJI:PJfJONS .I,NI) 
CONSTANT ~JOT'1So 
E:LSf. 

I • 

'· 

N[<llC•. T1WF., 
RE -0 ( l<<FLO)PI)[Pl H, J.'DELZ, f<I(.L[I'I, ti.IMOLlJ ( J J 1 +')(SAR (J l, pwJO ( J) o J•l, 
~ELf'~), ( (C·Hlllf (J, 1\), I'..S t, !1U:tno1J ,Jst r HELfP'I+I J, 
t f!JCNOUE ( J, llil 1 ~<,st, t\AJ(CO"lJ, J•lo MfLfH+ l) 
lf(OEI'lii,U.,i'IEPt'lN) GO 1(1 30(1 
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ooua 
OOCCJ 
1102211 
uous 
OO('i!'6 
00227 
OOZ2tl 
UllZ29 
O!li?)O 
00l31 
002]2 
002]3 
OOi!'H 
00215 
00216 
00217 
OOlH 
Ofli?3<J 
00240 
()0l41 
Oll242 
00i!41 
0024" 
OOiiiS 
0021.11> 
OOi ii7 
00246 
OOi!'llfl 
00250 
00251 
00252 
00251 
oozr,q 
00255 
00256 
00l57 
0025tl 
00259 
00260 
002fol 
002b2 
002&1 
lll}i!'bll 
00265 
002M> 
002117 
002&1J 
OU269 
0027U 
00271 
(10272 
002H 
O!i2H 
00275 
0 Ol7b 
00277 

c 

• 

• 
• 

• 
1. 
• 

• 
• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 
• 

• 
• 

• 

• 

• 

kS•Oo 
PliS•Oo 
00 (l•l,~ELfMJ kR•<S+li;SAM[~(lJ 

00 (I•ir"ELEMJ PXS•PkS+PXI~RriJ 
IU.TJO•P.IIS/XS 
CA'L E~UPXS(PkSA~,~~JO,POfLZ 1 XSAR!4,NILEH,"ELlH 1 ~ATI0 1 I!LP 1 
H[QXS) . 

AU.OCATES ~1ASI li'f' CONSERVING RELATIVE CROII•I!I!CTIONAL AAUI 
DO (K•i,MA~CONJ 

l,(K 0 LE.J.DH.K 0 EQ 0 7) 
• •U•K+l 

o o UPS"O•!oltiOLil( I J 

• 

CT•(CN00E(2 1 K)+ UCNOOf(i!',K))Ii, 
o CB•(CNOOf(I,K) + 0CNDOf(lrK)J/i 0 
• N(I,.HHT•I 

CNSAB•(CT+C8)12,•UP8QO 
o tM8BR•O, 

THA88(KJ•o, 
o 11' (K ,NE. 7l 
o • GT•ttNUUf(i!',KJ)+ 0CNOOf{lrKJ))/Z 1 

• • Gf!•(ChiOOEIIrKJ) t OCHOOE(IrKJ)J/l, 
• PMS AB•IIPS!lO• ( G T +GH) IZ • 
• • PMSitB•Oo 

o • • TMAS8{KJ)•0 0 

o .. FIN 
o o 00 (l•lrNE~EH) 

• 

• 

• 

• o Nf~MTP•IELPCIJ 
, Nh"'EL"'TPtl 

• Nij•riEl.MTP 
• • ET•NB•POELZ 

• 

• f6•CNA•1J•PDELZ 
UP8QU•ONOLO(N8) 
Ch(CIIOOElNT,KJ + UCNOU!(~T,I0)/2 0 

• CU•(CNODE(NH,K) t OCNODf(NBoKJ)IZ, 
HEL•Hfil)(i(JJ 
FACI•IH~L·E"J/POELZ 

• • FACZ•tET•HEL)/POELZ 
• • • CTOP•tT•FACitCB•FACZ 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

C ·1SA T•F ACi!• ( C T +C TOP J •UPSihJ/.2 0 

• C~BDT•F~Cil(CTOPtC~J/Zo•UPIQO 
JF(IIi.~IE.• 7J 

• UT•(CNUaftNrrKJJ + OCHOUE(NTrKJ))/Z, 
• • ~~•CCNODE(~8,K3) t 0CNUDE(N~ 1 KlJ)/2 0 

GTOP•GT•FACitGB•FACl 
PM.AT•FAC2•(GT+YT0PJ•UP8~01Zo 

• o PHSdT•fAC1•<GTOP•GSJ•UPS~U/Z 0 
• •••FIN 

I"'DlC•~fLHlP•NELNST 
• • C!1A8S•O, 

• 

• 

P~AS$•1) 0 
IF(1NOIC.EQ 0 0) 
0 CHA8S•CM8ijf•C~S88 

• lF(K 0 hl 0 7) P~ASS•PMSRT•PHSR6 
• •• Flfl.l 

• • IFCINDIC.GE 0 1) 
0 0 0 CHASS•tM96J+CMSAit 
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00278 
OOVIJ 
00280 
OOi!~l 

002fl2 
002d} 
002611 
V02R'5 
l!Oi? fib 
00i?ti1 
OOi?M 
00289 
oo2~JO 
00291 
00292 
oozon 
00294 
002~5 
OOi?')b 
00297 
Oli2<Jfl 
00299 
00300 
003G 1 
00302 
(I!JlV] 

00304 
110305 
0030t. 
00307 
00308 
00309 
00310 
00311 
l)ll312 
00113 
0011 11 
00315 
00310 
1)0317 
00311! 
OO}I'J 
00320 
OO!ll 

I)03U 
Oll3C3 
003211 
0(l3i!!t 
003lb 
00327 
003t:?8 
00 3211 
00310 

'" 

'" 

' ' 

• • 

15102133 PAGE OOOOb 

• l~CK.NE 1 7) P~ASS•PHSfiTtP~SAB 

1 0 0 F l II 

IF(lt<IUJC • .-E.ll 
• DOCJ•NfLM6Ttt 1 NfLMTP•IJ 
, CT•(C~UOE(JtlrKJ t UCNOOf(J+lrK))Iio 

• CS•(CNO~[(J,K) + OCNOO£(J,K))Ii, 
, • ~•Q110Li>CJ) 

CHASS•CHAS8t(CftC8)12 1 •Q 
1F(K,NEo7l 

, • o QT•(CNOO£(J+t 1K)J + OCNODE(J+IrKllJ/11 

• • G~•(CNOO!CJ,K]) t OCNDDE(J;KJ)J/1, 
• o ~MASS•PMA88t(G1+G8)/l,•i 

• , •• ~IN 
I ••• Flit ... ~~~~ 
TMA5S(~J•TMASS(K)tC~ASS 
C~ASS•CriASSIQHIN(lJ 
CHSAB•C~UT 
CHSBB•CMStH 
NELHtH•NELMTP 
IF(K 1 Nf 0 7) 
• TMAS8(KJJ•TMASS(K3J+PMl8S 
0 PHASS•PMA88/QHIN(l) 

PMSAS•PHSAT 
PMSIHI•P~StiT 

• .,.fiN 
0 I 000''"' 
• • •• Fltt 
•••'IN 
~ETIIHN 
CONTINUE 
fEflROH • olAUE. 
,ojPlTE(brll 
FOH~4T(10~ 1 lfATAL ~RRUH • lNlTlAL CO~OlTlONS TO SlQMENT l'r 

1 1 HA~f ti~EN EXMAUSTEu 1 J 
HTI..IRN 
CONTINUE 
OfiHlTElOri!l 
,rUtEt~t.Jl JSEG 
FOA~AT(tO•r•POTtNTllL DIFfiCULTY • O~~TH,LE 1 0EPMlNI) 
FDR!-IAT(IOX, 1SlGM£fll NU~~£A •' 1 15) 
RE lUI< it 

------·-·········--··-·················· 
TO CO~PVTE•PROflLE•VALUES 

WHlN(loEf.l 0 1) 
• • "MEN(I\ 0 fQ.7) 

• • tClN(l,~)•C"ASS 
o CCIN(Zr~l•C~ASS 

•• ·" Jt, 
£1.8E 
·• COEF•O. 

!(K•K+l 
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UI'IHI 
OOlll 
01)}3) 
OOHt.l 
00135 
U033t> 
OOU7 
00]]6 
00339 
00340 
00]41 
003''2 
unllll 
00)44 
00145 
OOlllb 

• 
• 

• 

• 
1 ~S•VSET(K)•A~E4(1J/{Aw10(1J•ALEHJ 

EZ•OFUKJ 
• 0 CCI~C1 1 KJ•CZ.•CMASS•COE,•OELZ/EZJ/(2.•"1•DELZ/EZJ 

• CCJNCZ,Kj•l.•CMASS•CCIN(l,K) 
CCJN(I,KKJ•Ci.•PHASS•COE,•OELZ/IZ)/(lo•"8*U!LZ/EZJ 

• • fCJN(l 1 KKJ•Z.•P~4S5•CCJH(IrKK) 
o o • .,.-IN 

• •••'IN 
• neE 

CCJNCI•l,~J•l.•CMASS•CCINflrKJ 
IF (K 1 HE 1 1» • 

• 
• • tCJNCJ•I 1 KtlJ•2 1 •PHAS5•CCIN(lrK•JJ 
• oooi"IN 

1 o 1 oF IN 
1 • 1 F IN .. , 

····---~~---···························· 

PROCEUURE CROSS•REFERENCE TABLE 

OOlli CO~PUlE•P~OFlL~•VALUES 
Olll07 OOlnll 

········································ 

B.SO 



{flECS V~R8JON Z2 0 4b) 151Q2t53 PAGE 00001 

00001 
00Ull2 
OfJOH 
001)\)Q 
oooos 
00\101:1 
00007 
00006 
onoo9 
00010 
00011 
00012 
0001) 
00014 
ooots 
00010 
00017 
0001'~ 

001119 
ooozo 
OOOll 
ooozz 
00023 
ooozq 
ooozs 
OOOlb 
00027 
00021; 
OOOii!<J 
DOOlO 
ooo:u 
00012 
OOUH 
00034 
000]5 
OOOlb 
000]7 
(1(1038 
OOO]'J 
000110 
IJOOQJ 
OO(hl2 
00011) 
000411 
0 00115 
0011111:1 
000117 
Oil IIIlA 
1)0011<J 
000'50 
OOOSI 
00052 
OIIIJ5) 

.............•.......................... 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
t 
c 
c 
c 
c 

c 

c 

c 

' 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
' c 

SUij~OUTJ~~ JNIDATlANALMT,ANALtS, UE~TH, ECHO, HLDtRA, ITPHT, 
I NSEG, -..sTf.f'S, "'IJ'4EH~, !IMLEN, ll(PMI~) 

T~l5 AOUTIIIIE REAOS THE HllTUl t.an COMHO"' TO ALL IU1'1£NTI AND II 
UNLl CALlED FOH St.GM(l~T •WI'IHER 1. 

FOftMo\L P.UU,ME1ER8t 
ANALMT • o\'IALYSIS CONCE.NTRo\TIOI~ LltUT 
o\NALYS • TlH~ Sfkl£S ANALYSJ8 CONTROl VARIAIL£ (L~t) 
D~LTrl • li"E STtP LENGTH (8£CQh08J 
ECHO • LINE PRINTEH !tHO CONTROL VARIABLE CL~IJ 
HLO~~A • HOLOJNG AR~lY FOM ERRUH NUMsEHS C&YtEJ 
JTPRT • PRlloOf fRf.LIVt:l4CY 
NSt::lf • N·JMhER Of' SfGMENTS 
Nstt:PS • NIJHfol£R OF TlME STEPS TO BE TAKEN U~4J 
NVMUR • NU11f!Efl OF INPUT ERROR& DETE.tU:O 
SIMLE~ • SIMULATION LE.NUTh (8£CONUS • I*~) 

DEPHIN • MtNJHUM ICUTUFF) FLOW DEPTH (MET!RI) 

Co\LLEO 8VI SERATRA 
CALLES I PUnHR 

8YTE 11LDEHIHlOOJ 

1NTE~ER*4 SJMLE~,NSTEPS 

l_rJIOJCAL*I E.CHO,ANALYS 

OlMENSlOrt TITLEUO) 

0.1. T A HAXSt.IO ISS I 
IF [ECHO) 

, **~ PRINT HfAOJNt; **~ 
• WRJTE(CI,t) 
• ~RJlEU,ZJ 
.. ,!"IN 

CUllS I A'iO z ••• ,.5JKULo\Tl0N IOENTl'ICATIUN TJn£ 

READ(I,JJ ITITL~(JJ 1 J•I,40) 
I' (£CH0) ~RlTE(6 1 4) (TJTLE(lJ,T•t,4~J 

CARI:I l••••••••••••li£!;E$UL INFOR~ATIO~ COMMON TO ALL. SEGMENTS 

COL. 1•10 0 ,,N!Hf.PS,, 0 ,"11JMRER OF Ttr1E STEPS TO it£ fAII.fN 
11•1S,, 0 N~lr.,,.,,,NUH~£R OF SE~~ENTS 
1b•2:0,,,11P<tl,,,,,PRl~T F~ErJUEr;CY 

i!t•ii!5, 1 ,A'lAL~s .. ,.TtM£ St.ifJES ANALVS15 CONTROL VARlAIRE 
i!6•lS 01 .0ELW •••• ,Tlr1E STEP t.ENGTrt CSECONUIJ 
l6•4S 0 , .... ~,t.L~•T •• • ,LOwtR Ll"ll 11f AVEkAGE lollSSlli,.V!,O 

ttJIIlCEtiTifArltH;, K!fiU~E Ttt£ ltfSi!LTS Of A 
TIME STEP ARE SAVEU 1 rrlE AVERAG! 
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00051.1 
00055 
00056 
00057 
ll005!J 
000'5q 
0\1060 
00061 
Q')Qfll 

0006] 
000611 
0\11)65 
1101)66 
00067 
0006tl 
0006~ 
00070 
00071 
00072 
0001] 
OliO 71.1 
00075 
00076 
00077 
00078 
00079 
00040 
01)081 
ooo6Z 
000113 
00084 
000~5 
00086 
OOOto7 
000!)8 

C DISSOLVED CDNC, ~UIT BE » ANALMT, 
C 1.16•55,,,DEPMlN 1111 MlNJMUM (CUTOFF) FLO~ DEPTH HELON NHJCH 
C Tlif CHA"'~EL U CON!JDEREO DRiED, 
c 

R~AD(Ir'J N8lEPS 1 NSfG,JTPRT,ANALYS,DE~TH 1 AHALMT 1 0~,~~N 
c 
C *** COMPUTE SIMUlATION LftlGTH (S[CONOS) U• 

Sli'REN • UEl TH 

c 

c 

c 

SJMLEN • IIHLEN • NSTEPS 
IF (ECHO) 
• NRifE(6r6) NSTEPS,N!EG,lTP~l,ANALYirOELTHrAHALHT,IIHLENrD!PMIN 
ooofiN 

lf (NSTfPS ,Lf, OJ CALL PUTfM~tlrNU~ER~rHLU(RR) 
If (NSEG,~£ 1 0 1 UR. NSE;,WT,HAXS!Gl CA~L ,UT!RR(ZrNUMERRrHLOfRH) 
IF tllPRT ,LEo 0} CALL PUTfRR(J,NUMfRH,HLO!RR) 
If (U£LT~ ,LE, 0,0) CALL PUTEHRtS,NUMfRRrHLDERRJ 

RETURN 
fORHAT(l"O,lOKr'SEUI"fNT AND CD~TAMJNANT TRANSPORT 8J~ULAT10N't 

t t P~OGAAH • SEHATAA') 
Z FURHAT(IHOr54K 1 'PHURLEM IP(CJFJCATIONS'J 
J FOH"Al0!1JA4) 
4 FO~H4T(1H0 1 25K 1 20Aq/l~K,ZOA4) 
5 fO~HAT(JI0,2ISrLS,ZFt0 1 0tEIO,J) 
6 F0"'1At(lH0,8Xrli0,' 111 NUHBEA Of TlHE SltPI TO Be: TAK!N'I 

1 14Xrl5, 1 ,,,NU'1bEA OF 8~GH£NTS 1 / 
l t~Xol5,t,,,PNINT ~A£~UENCY (• Of TlHE STEPS) I/ 
4 18kr~l, 1 111 TIM£ SERl~S ANALYSIS CONTROL 1 / 

~ 7kr1PE1io5r 1
001 TIHE !TEP LENGTH (8£COND8) 1 / 

6 7X 1 1PEtZ,5r'•••Tl~E SERIES CONCENtRATION LIHITI/ 
1 ~~~,Jill, I 11 ,COMPUTED 81HULA TtD,. LENIHH (I!CONDIJ' I 
8 9X 1 Eio,~,t,,,"INIHUH (CUTOFF) ~LON OEPTH (HEIEASJI) 

EI~O 

······-~·-·····--·············-········· 
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·················-······················ 
00001 
00002 
OOOOJ C 
00004 c 
00005 c 
llOOOb C 
00007 c 
00ilfl8 t 
00004 c 
00010 c 
110011 c 
000\2 c 
ooou c 
0•1014 C· 
00015 c 
ooou. c 
00017 c 
00018 c 
OOOlQ C 
ooozo c 
00021 c 
ooou t 
00023 c 
\100211 c 
00025 c 
oooh c 
00027 c 
ooo.ze 
OOill'J 
00030 c 
00011 
OOO]l 
0001] c 
0\JO:h 
UOOlS" C 
llOOlb 
000)7 
000)11 
ooon 
00011(1 
000111 
oouuz 
OIJlHil C 
000411 
oon~; 

OOIJ'IO 
000117 
00048 c 
000114 
00050 c 
000~1 
00052 
IJ0051 

SUBROUTINE L15TER(dA8ErREG8EGrREGTJH1CHAlN1 DEVrEXTrflLNAMr8UlC, 
I tNT8EGrlNTTJ~rL5TIEUfLSTTI~rTITEP,UNJTirUUlC] 

THU ROUTINE HA!I THE Rt;SPONSlltll.lTY Uf LOCATlNI AND PRINTlNit THE 
SPECifJtD ~ATRJCES fRUH THE SP!CifJEO FlLtl. 

FONNAL PARAH!TERSa 
GA8t • 5 CHARACT!M BASE FILE NAME fOR CHAJN£0 OPIHATlONI 
BEOSEa • AEGlNNlNG 8EG~ENT NUH8ER FOR CHAlN~O.OPERATlUNI 
dE&lJH • 8EGI~NJHG tlH£ PLANt NOH8EM 
CHA1~ • LOGICAL FLAG FOR CHAINED OPEMATIONI 
DE¥ • SASE FILE HAM£ DEVICE fOR CH~l~EO OPlRAllONI 
f(f • BASE fiLE NAME EXTENSJUN fO~ CHAIN£0-0P~MATJONI 
fi'ILNJH • FJLf IPECiflCATION FO~ UNCHAJNtP P•OCEIIINC 
GUIC • GROUP UJC FOR CHAINEP PROCti.INi 
JNTIEG • SEGHE~T INTERVAL FOR CHAJN!D P~OC!IIJNG 
lNTTl" • TI~E PLANE JNTERVlL 
l.STSfG • LAST 8EiiH£NT NUHDER !'OR CI'IAINED OP!RATlONI 
L8TTIH • LAST Tlhf ~LAN! NUM8!A 
TST£P • TI~£ ITEP SJZE 
UNITS • MNEI10NICS fi'Oit CONU:NTRATlON OF CONTAMINANT ATTAtHED TO 

SEPIM£NTS {PC OR KG) 
UUJC • UIEM UIC fOR CHAINED PROC(ISIN; 

CALLED UYI SPPH 
t•L\ii fCOO£ 

l~CLUDE 1 ELM1Il.PRM' 
8YlE BAS£t5J,OEV(llrEXTClJrflLNAM()O),GUJC(JJrUUIC(J) 

I,..TEGER•Z BEGSEG,Ur•Jll 
l,..rEWEN•q BEGTJM,lTlh,LSTTIHrNSTEP 

Oli'IENSlON 
I 

~ELEVtHXELEM)r C(MXELEHr1Jr CMA51(MX£LEM)r 
CVOLH(!1Xfl£M), CTOTL(MIIELEitJr 8ELUOlr B(l0,6Jr 

' l 
• 
5 

• 

IU.VG(IIJJ, DtHIC£L£11 1 J), CELAVt"KU,EH1!1AXCON), 
QC 1 •l ( 'tXEL.EHr ltfdiCUH), WCDUT ( HX£:LE!1, "AX CON) r 
I.I'ICEL l lt)([l£11, HAXtUN 1 r BELAY t ItA ICLEV r I'IA ICCUN•l J r 
I.IVIJ I' tHXU.EH r 11A )(CON), JJ ( MICELEH) r 

BAL ( MUCIIN) f Olf ( MA )(CON) 1 T8EO (HUCON) 1 HIT D lf {I~UCON) 

DO tJIEG•rtEGSEG,LSTSEGriMTIEGJ 

• 
• 

• 

• 

JF (LHAlH)CALL FCOOE (~llNA~r8ASE,JI!G,!Xl,OEV 1 GUJC 1 UUJCJ 
OPfN(UNITIIZr NAI1tal' JL.NAio! 1 T'fPE•' OLD• ,REAUONLT 1f'URM111Ufllf0HMATTEU I) 
lfi1Hft:U 1 Q) flL"'A~ -

~EAO(il NUO!IEG 

tF<8E~Tl~ ,~E. 1) 
• Nl1 • B(All" • 1 

Sit JI'•Nfoi•MA TH ltES 

B.53 



01105(1 
011055 
01)1)~6 

001157 
011058 
0(•059 
00000 
on lllll 
[)(101>2 
Otl0/:13 
0001.>'~ 

1)00/:15 
OllObb 
0 Dl) b 7 
00061' 
0006'1 
000 7 0 
011071 
00072 
ouon 
000711 
1)0075 
00076 
'lOD77 
00078 
00079 
OOll"O 
01.10'~1 
011!\1:!2 
OI!Otll 
000114 
00085 
OI)Oilb 
00037 
0~!)11" 

00069 
00090 
000~ I 
ooun 
0U013 
00094 
$01)95 
0UI)9b 
00 O'l 1 
OOO'lll 
1)1}1)99 

00100 
1}0 1 (/ 1 
oo I 0? 
00 I Oj 
0{' 104 
OOIIJ5 
001 oleo 
Ofll07 
0 ()I IJIJ 

00109 

' L 
c 
c 
L 

• 

• 
I • 

• 

• 

• 
I • 

• 
I • 

• 

• 

••• fiN 
nu IITIM•~EGTIMrL~TTJM,JNTTI~J 
• lfll~TTJM 0 NE. l .ANO. ITIH .NE. ~EGTIMJ 
• NM • J~TllH • I 
• • SKIP•NM•~ATRICeS 

... I" IN 
• 

• 

• 

• 
• 
• 
• 
• 

• 

• 

• 

REA~ (2) ~8ltP 1 NtLEMtNBE0rfLEVrDfLlrBOJY,KYSO,STH!SS 
R~AU (2) (~ElfY(JJ 1 (C(J,~J,K•Ir7ltC~AIIIJJrCYOLA(J),CTDTLIJ)r 

J•l r NELE~I) 
REAU(2) ((O(JrKJr K•lr3lr J•lrNfLE~J 
REAO (2J (~EL(JJ 1 (ij(J,KJ 1 K•Irb),BAYG(J)rJ•lrNS!U) 
NELMO•NF..LE11•1 
UDCJ•Ir~lLEM) JJ(JJ•J•I 
kEA0(2JVOLUME 
REAV(2) ((CtLAV(J,K)r K•lr"A~CON)r J•lrNELE~} 
HEAO(il C(wCI~(J,~J, ~•t 1 MA~CUN), J•l,NELEMJ 
HfAQ(l) ((!.ICUUJ(J 11(} 1 ~•1r~.UCON} 1 J•t 1 NI!:l[~) 
RfAU(2) ((U'ICfLCJr~), ~•loMAXtON)r J•JrN!i.,HO) 
RtAU(2) ((iJV!JIF!JrKlr ~•lr11AXC0N), J•i,NEL.HO) 
NEAU(l) (ll4L.(J),J•I 1 MAICCUN),TIUL 
REA0(2} (IIJF(J) 1 J•t,~AXC0N),TDI~ 
riEAU(2) ((BELAYCJtKlr K•ltHA~CUN•I)t J•l 1 N&E0) 
HfAU(Z) (l6fU(JJ,J•lr~AXCUN) 
Rf.Ai,.l(2) (lOTOlf(JJ,J•lr"AXCUN) 
ELAPSE • TblEP•NSfEP 
1HUfE(3, lJ 
~~Iff(l,ZJ NUMSEG,NSTEP,ELAP8[rfLE~,NEI..MO,Ofi..Z,~8ED,8DIV, 

oso, STRE:88 
!'jHITEI3oll 
~RIIf(],~) (U~lTS,J•lrbl 
00 tJ•loNEU:/1) 
• WRITEC3 1 5J ~ELfYCJJ,C(J,IlrCCJ,2J 1 C(J,3)tC(J,7J 1 C(JtQ)rC(J 1 5J, 
• C(Jr6) 1 C11ASS(Jl 1 ClOTLCJJ - -
••• 'I tl 
,jf.!Iff(l,bl 
111UfEc3,7J (tHIJT6rJ•1rlll 
DO fJ•I,r~I-!Eil) 
• WRITf(J,~J 6ELCJJo(B(JoKJ,K•ltblrdAVQ(J) 
• , • !' IN 
WRiffcJ, IZ) 
~MllE(loll) (UNITS, J•lo~l 
o<jHJIE(3 1 1~l cwELfY(J), (li(JrK)r ~•lrJlr CYOL.HCJJr J•I•~HOI) 
tHllTE(3,1':!) 
~Mlf£(3,16) (UNIT&, J•1r4l 
WRIIEC3,17) (JJ(JJ, (tfLAY(J,~), ~•lrMAXCUNJ 1 J•lrNEI.,EHl 
WHl lfUoi~J 
"'Rilf(3,1U) (LINlT~rJ•1,11) 
WRllf(3,11J (JJ(J), (~CIN(J,~l, ~•loHAXCON), J•lrNELE~) 
WllJil(3,t?) 
"IIIIE<lrl'>) (UNITS, Jol:l,~) 
l"~liE(3.!7) LIJtJir (UCilUT(J 1 "i), ~•lr11AXCONJ 1 J•lrNELUI) 
"'<llt.(l,i!fl) 
w.HIIE(3,1t>) (UNllS, J•t,LIJ 
"~ltE(lr17) CJr ~~~CELtJ,"i), "i•lr"AXCONlr J•lrNtL"~l 
•Hii)E(3ri!"J 
""llf(3.1") (UiliTS, Jort,UJ 

B. 54 



O!J 1 I o 
oo 11 I 
OottZ 
00 ttJ 
U II I \II 
001 15 
o 0 I 1 & 
:10 II I 
0011'1 
oo II" 
011120 
00 Ill 
0(l)2l 
00123 
0111211 
00\25 
oo 120 
001.!1 
00 12B 
00129 
00 I ~1'1 
OolH 
I!Ol}2 

OOIH 
IJ () I .\11 
•Jo 1 JS 
oo 11b 
ou \J 1 
OOI3l4 
<fOIH 
00)1.!0 

OOll.!l 
00142 
Oo Ill.! 
011\44 
001115 
01)\llb 

00\41 
00148 
0014" 
Otll '50 
()\)lSI 
no 1 '5i! 
0015l 
Ul•ISII 
00 t 55 
Ot>l5b 
0015 7 
<.10 I SO 
Uo.llSQ 
OOI?il 
00 1 hI 
nntt.i! 
Ot>tbl 
uo I 011 
Ull I b'i 

c 

' I 
2 

' • 

5 
• 
7 

' ' IO 
II 

" " .. 
" •• 

• 

• olqlTE0o17l 
11~llE(3r2tl 
"RiTE(J,22) 
wRlf£(3,23) 
;,i~lf£(3,25) 
>~RI ff.{} 1 Zb) 

1'1HliE(J,27) 
;ji<!JTE<J,27J 

• 11RIIE(Jr2¥) 
o • 1'1RlfEilr2¥l 

o 0 ol' IN 
• C~O!E IUN1T•2l 
o o o flN 
CLOSE tl!Nilall 
RETIJRN 

FO~I1Al(ltH) 

tUt-~lT5 1 Jat,.U 
(J 1 (ij£LAV(J 1 Klr K•1 1 MAXCON•llr JaJ,N~fO) 

(UNll:S 1 Jatr5) 
l~4L(J) 1 Jat,MA~C0NJrTBAL 
tDlF(J),Jct,HAXCON)rfOlF 
(TSEDtJlrJ•t,~AKCON) 
ITOT01F(JlrJ•1r~4XCUNl 

FOR~AT(//IOX 1 IRJVEW :SE,MENT NUHQERI r,&X 1 J6/ 
1 tOX,ITlME STEP NU"'tJERI 1 i8lt.Jb/ 
2 IUK,'~L~PSEO TIMEI 113XrF11.Z/ 
3 lOX, 1 0lTU111 •,u,nO,II/ 
1.1 1QX 1 1NUt16ER Of' fi.EHENTSI 1 ,h,h/ 
5 JllX 1 'SlAN•)A.~O ELEMENT THlt~NEUI 1 ,1PElll 0 1/ 
7 1UX 1 

1 NUn~e.k Of BEO LAVEfiSI 1 ,1Xd41 
ij t0X 1 151AN0AfiQ ijf.D LAVER TMJCKNEII1' 1 1Pfl-o7/ 
9 lOX 1 1TOr LAYER ltHC~C;Nf.:SSI 1 ,1Pfi4o71 
I. lOX, 1 SHI'.AR STRESS VALUE I 1, lPEi4 0 7) 
~O~N,T(//55X 1 1 1'1ATER CONCENTRATIONS!) 
FO~~lT(//lOX 1 J{3X 1 '5U5P!NOE0'),3X 1 1 015SOLVED 1 rlX 1 3( 1 CONTAM 1 

I 1 1MANT 1 l 15X, 1TUTAL1rbX 1 1 TOTAL 1 1 
2 2Xr 1 ELfVUJ!lN1 1 1.1llo1SANl)' 1 tl~ 1 
3 1 SJLT 1 ,"X 1 1 CL.~Y 1 ,SK,'CONl~HfN.&NT lfiiTH hNI> lilTH SILT'r 
li lX 1 'WITH CL•Y' 1 lKr'PARTICUI.AlE 1 ,4Xr'CONC 0 1/ 
s Jx, • CME IERS> 1, ltrlC '"-YIM**JI ,sxJ. uc,Az, 1 '"'**l' ,sx,zu.z, 1/K••l', 
b SXlrA2,'1M••J 1 1 5XtA2,1/M~*l 1 r5X 1 A2 1 1 /H•*3'} 
FUR~Al(lltrFIO,a,tP10E12,4l 
F nH-1 A f ( 1/SbX r I BEO t O"'CEN TIU. ri 01115 1 ) 
FUI-/MAT(//lbX 1 18AND ~EI~HT 1 r5Xr 1 51LT lolfJGHT 1 1 5Xr •CLAY WEI,HT 1r 

I 3{St 1 1 C~NTA~lN,t,tlTI),7X 1 1 lVffiAGf. 1 /2X,IEI.f.:Y4Tl~~~,bX 1 
1 ]( 1 fi-I~Cll011: 1 rt1X), 1 ~lf!'l "l~l0 1 ,7X 1 1 1flTH 81Lflr7Xr 1 ~jJTH CL.AV 1 r 
l 9X, 1 CONC 0

1 / 

4 lX, 1 (ME1E~:SJ',7X,3(7.,qx),lX 1 ](li! 1 '1KG1rllX)rA2r'IKGIJ 
FUR~AT(1XrFIU,4 1 7(2t 1 1PE14,7)) 
FOR~Al( 1 ~~OCES5ING• 'r3aAl) 
fO~~A1(5U~ 1 1 (1HPLICIT FALL Y[L~CITY 5ChEME) 1 ) 
FORII~f(II~Jif 1 (PO~T•·IATRUooS0LilllON F•LL J.lOUTINEI 1 ) 
Fllll''lo\1 (//'l5llt ICUNHMl"l.&NT ASSOCI A TEO ~ITH SE.I.IlMf.tHI) 
FONMAT(//~2K 1 3('CUNTAM1NA~T 'lo2• 1 1AVER4GE 1 /]lK,I£LEVATl0NI 1 

13X, 1 1«11H SA~D'rlX,I~'<lTH SlLT' 1 3~ 1 '~'<1Ttt CLAY'r11Xr1CONC 0
1 / 

iC'l2~ 1 I (Mf ft.HS) I 1 SK,A,2, '/K(i,' 17X, Ai!r IJIIGI 1 7XoA2 1 °/KG 1 1 blt.,Al 1 '/KII') 
~U~Mil. T llOK, OPF I (o 0 <! 0 \f'U(Ii! 0 4} 
FllR'IAf(l/l3X 1 1 11lTflfRATEI> VALUES OF TOTAL 'lASS OH CO"'T•MIN.&NT IN t.• 

lt•t E.LlMENl I) 
FORII.I!T(//l8X 0 }( '8dSPt.r10ED ') 0 }( '(IJNTAMJI<ol,•H I ) 1 1 DIS!IOLVED•/ 

J2oX 1 'fl.fMF.tH .'U.•11.P 1 :n,t~ILT' 0 !1ll, 1 C.:L~Y 1 1 7X 1 1 •1TH SAtJVI,JX 1 
2 1 <~ITtl SIL\ ·~1111 CLA11 1 )X, 1 CO~<T~<'~l,..A·~T 1 /Jl)(r 1 1'.GI,lllli. 1 1 M:Gt 1 
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(FLECS VERSION zz.~•J 15102159 PAGE 00001 

uo lbfJ 
00h7 
ll o tol 
outn 
00170 
Oll171 
00172 
00173 
0017~ 
00175 
OUJ7ft 
00117 
00178 
00179 
ou 180 
00181 
ootez 
00 I Rl 
00 teQ 
uutfl5 
00 tflfJ 
OOJA1 
00188 
UOII!9 
0'0190 
00191 

00192 
OOIIU 
00194 
00 I 95 
00190 
00197 
00198 
00l'.J9 

3IOM,'KGt,ttK•A21IOM,A2110X1A2,1ZX,Al) 
17 FO~MAT(l2X 1 IZ,zX;IPlf12e4,1X,IP2fi2.4,1XriPfi2,1,1X,tP£12.1J 
18 FO~MAT(//)TX,'~LUX OF lf~JMENT MAll ON tUNTAMINANt JNPLU£~T TO fL£ 

tM[NTij 
19 FORHAfi/IJ7X•'FLUX OF SEDIMENT MASI OR CONTAMI~ANT fF,LUENT FROM E 

ILEMENfiJ 
20 ro~MAf(IIJ4Xr'YERTJCAL FLUX UP IEOIMENT MAll OR CDNTA~INANT TO ~AC 

JH EU11!Nfl) 
21 FORMATI/1)6X,tiNTE,RATEO VALUES OF TOTAL NAil OR CONTA~INANT IN TH 

IE ltf0 1 ) 
ll FORMAT(/114X 1'£LEM£Nf1 1SX 1'14NO NEJGHT'r5X111ILT W(IQHT' 1 SX 1 1C~AY 

J WEJ,HT 1 1 S(5X 1 'CONTAMINANT'l175Xr'~!TH IAND 1r7Xr'"ITH IILT 1t7lr' 
~~ITH CLAY'IJOX,IK'''2(14Xr1K,I),ISX,Al,Z(llk,AIJ) 

ll FONMAf(a.k,IJ,iltdPfJ!.h,1) . 
21 PUW~Af(lll6X 1 '0IIPERIIO~ CP IEOJ~ENT MAll OR 'OHTAMINA~T THROUGH [ 

I ACH E(.EMEHT I) 
26 FO~~Af( 1 0 1 1 9X 1 18AN~ 1 ,t2Xr'IILT'riZX,'CLAYt 1 11Xt'MIIAND'•IOX,tW/IIL 

tfl 1tOX 1'NfCLAV' 17X 1'UliiOLY[OI 13X,IrOTAL COHTAHINA~T1/llX 1 1KQt, 
214M 11KQ 1 114X1 1 kV1 1t4X 1Al,14X,A2,14X,Al1l411A21l4X,AI) . 

2T ~OR~At(ZX,8(2Xr1PE14,7JJ 2' FORHAH'I1' 1 '(1) OLOC + INFLUENT • EFFI.UI:NTI/1 1, 
I 1(2) NEWC • (IJI/1 1 , 

i! t()J NhllfO • IUIIIMATlD~ IBU,Jl•VOI.UMI•D!NilTYJ'/1 1, 
3 I (4) Nt-16£0 • DLDBEU + (Z) I) 

29 FORMAT(2X,6(2X,1Pf14tfl,I&Xrl'£1.,7) 
c 
•••••••••••••••••••••••••••••••••••••••• 

' 
c 

TO SKlP•NM•MATRICEB 
00 CN•1 1 NM) 

• • *** THEH( A~£ 15 ~ECORDI POR EACH TINE lfiP *** 
• • DO (Hal 1 t5) READ Cl) 
, .,.Filii. 
,,,I'JN 

•••••••••••••••••••••••••••••••••••••••• 

P~OCEOUR! CR081•REFERENCE fABI.£ 

00192 SKJP•NM•MATRJC£1 
onos3 ooose 

........................................ 
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15101115 PAGE OOOOl 

························•········•······ 
110001 
00002 
OltOOl 
00004 
00005 c 
011006 c 
00007 c 
00001) c 
0000~ c 
oo~to c 
00011 c 
OOOli! C 
ooou c 
0~0111 c 
110015 c 
nooto c 
ooo 11 c 
OOOIA C 
OtHII~ C 
01.1020 c 
oonzt c 
00022 c 
00021 c 
00024 c 
OOOlS C 
000~6 c 
00027 c 
00028 c 
OOOi!'il C 
OO•llO C 
110031 c 
(l(l0}2 c 
OUOH C 
00034 c 
00035 c 
00036 c 
00i))7 c 
OOO]It C 
I)I)O]Q 

000~0 c 
00041 
OtlOIIi! C 
00011] 
000114 
fl(ll)l,j<J 

0011116 
00047 
01)01.18 
000'4'il c 
1)0(.150 t 
00051 
00052 
00051 

8U611'0UJlNf; PART1CUIU,R 1 ALEN, 81 Cr CCIN 1 COLO, OI!CAYr De:LTOr 
DFZr It Jr NA!I>r Nt:LEtot, LIHOUTt liiHINt Qy, I()RIII'.. 

l SDr 8Rr ALI"Ar liEU, YEL1r VI!LZ, VIE.T, 
1 IJEllr O!PTHr 81011> 1 AlillOr tl!fAir B!Ulr OIORii UI.DCJ 

THIS 8U8ROUT1NE CALCUlATES COI!FI"lCII!NTI 01" CONYICTIVI, DECAY AND 
SOURCE T£R~S FOR THANSJIORT OF·.POLLUT.hiT ATTACH!O TO UDli'I!NTt 

!NPUT PARAMETEN81 
ABAR • AYEHAGE !LI!MfNT AREAl 
6 • II!D CUNOIT10N8 
C • wATER CONDITIONS 
CCIN • CONC!NT~ATJON 0~ INFLOW 
COLD • CELL•CE~TI!R!O CONCENTRAT!UN 
O[CAY • I"JRST OROIR O!CAY 
O!LTU • TIM! STEP (DAYS) 
OFZ • OJFPUSJO~ CDE,FJCIE~T 
D[LZ • !L~H!NT THJCK~!IS 
I • ELEMENT JNOEX 
J • PARAMETER l~O!X 
NBED • NLIHIIER OP B!U LAY!RS 
NELEM • NUM8(R OP ELEMENTS 
Q~l~ • INPLO~ DISCHARGE 
QY • Y!RTlCAL DISCHARGE 
S~R6K • A~IUR8TION ON 8EOlHENT1 (l•J) HttJ/K~, (4•9) 1/DAY 

OSORS • DESORPTION P'I'HJ~ SEI)JMENT 1 (I•JJ HU)/KG, (4•9) I/OAY 
8R • E~OSION RATEr KQ(PC)/Htt)/DAY 

SO • O!POSlTION RAT!, KG(PCJ/H1/0AY 
OUTPUT PA~AMETERII 

ALFA • O!CAY TERM, 1/0AY 
HETA • SOURCE OR IJNK T£Rh 1 PC (KG)/Mttl/DAY 

BETA1 • I~PLUENT SOUHC£ f[RH FOR I•TH NOOEr I"C (K8J/Htt]/0AY 
SETAl • INFLUENT IOURCE TERM PQR 1+1 TH NODE, ~C (KG)/H•tJ/OAy 
VELI • FIRST COHY(CTJVf TERM, M/OAY 
YEL2 • SECONI) COWi!CTlY! T!RI1, H/OAY 

CALLED at TRANSP. 

INCLUDE 1 tLHSIZ.PRMI 

HEAL JNfRAC 

DI'1ENUON 
I 

ABAR(~XELEH)r AREA(HXEL!HJ, B(MAXLEY,MAXCON•l)r 
CClN(MXELEHrMAXCll"'}r D!CAY(&J 1 D'l(~), loltUNPtXELEM), 
ll 'f C ~·liEU "'l r 80R81( ( 9), IH ( lllo) , COLO ( f!llltLE" 1M A M'fll~ J r 
CCM"ELE~,~AXCOI\I)r VS!T(l)r WHOUf(MME~EMJr ' ' • 

5 
SO ( ~'~XELEMr U r Bill I fJ ( HIIELf~), A rill) ( 11XE\.I!:H) r CI:IAN ( f'III!LEM, MA I(CO~J 
, USUR6(9lr OLDCt~'~•fLfMrHAXCO~J 

lf.fiO • I.OE•IIl 
J"'l•J • 1 
H'l•Itl 
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CFLECS VERSION 22.~6) 

()<)0511 
OllllSS 
0tJQ56 
00057 
OliOS!! 
0(105'1 
llOObO 
0006 l 
1)\)062 
00\)h] 
oooou 
[ji)Qb5 

oo ill>b 
ttU 00 7 
0\1068 
1}1)069 

00070 
000 7l 
0 ~072 
()01171 
000711 
0()075 
01)076 
00017 
ooora 
l.lOOH 
ouo~o 

O<JilA I 
I)IJQ'<i 

11001:;3 
000~11 

000~5 

1.)00'\b 
0001!7 
ou UIIP. 
00(1!\9 
00()9() 
QIHI'11 
OHU92 
OIJ0'1j 
0110911 
00095 
0009h 
QllOt;7 

0U09fi 
00099 
OOIQO 
00101 
onto2 
(101113 
OOIIHI 
00 1115 
M\lOb 
00107 
OO!IlA 
IH'l ()9 

c 
c 
c 

c 

c 
c 
c 

c 
c 
c 

A•~ • Gl'y(lJ 
VEL! .,AD•VS~T(J"l)t~~IU(I)*ALENliA6AR(I) 

A'J • 1lV(JP1) 
~~L2•(AQ•V8ETtJ~lltB~IDti+IJ•ALENJ/AB.Rti1 

lilT A l•llHPI(J) I ( AtiA+H ll tOElZ) t (CCI N ( J, ;J) )), tCC INtl+lt JJ /6,} 
~ETA2•QH1N(l)/(ABAri(lJtUELl)t(CClN(J,J)Ib,tCCIN{ltl,JJ/),J 

C *****a***************••••*************************************** c • • 
C t ~ARNINGI CCJN IS W~ITTEN INTO CBAR AS A riRBT * 
C * A~PRO)JHATION TO THF. EVENTUAL AVERAGE t 
C t C0~CE~TRATIO~. THE O~LY MEANS ~y ~HICH t 
C • TU ASSURE THE ACCURACY OF THIS il 
C * ASSUMPTJO~ IS TO ITERATE TO THE CORRECT * 
C t SOLUTION, AND USE NE~ ITERATES 10 BETTER * 
C t APPROXIMATE C8AR 1 • 

c • ;. 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c 
C tu ABSDRPllOii I n[SOAPTION *'* 
' 
c 

UO llE • l,NELEHJ 

lNFRAC • O,S•~HJ~(Jf)*OfLTIIIABAR(J[)IOELl 
ExPRAC a 1,0 • INFRAC 
00 (lC • t,HAXCUN) 
• C~~RCIErlCJ a CtlN(JE,ICl•INFRAC~OLOCClEolCJtEXrRAC 
• 1 ,fIN 

,, 1FlN 
{f(C~AH(I 1 JN]J,GT,O,O,ANO,C8A~(tt1 1 JM3),GT,U,O) 

ADD&t• SO~~~(J}•SO~H~{J~3)112 0 *(] 0 tCUAR(J 1 JH])tCISARtl 1 7J 
1. +CtlAR(I 1 JM3l*C~A~(Itlr7ltCHA~tltl,JH3ltCdAR(1 1 7)t 
C. CB'-R ( 1 + t, J!l] I tC!lAR (I+ I, 7J) •SOHIH((J) lb, t (2, •C8.R ( 1, J )+ 
3, Cb•ROU,Jll 

I • 

'· '· • 
I • 

ilSA.Vt• l.ISilf.IH J J •DSURIH J~ll It 2, t ( 3, tCISAJH I r JHl J >~~CtiAJH I, 7J 
+C~A~{J 1 J~ll•CliAR{l+lr7l+C~AR(ltl,JHl)•C8AR(l 1 7}+ 
C84«tl+lrJM3l*C~-Rtltlr7l)•080~~(J)I6,tl2,tCijAH(I,J)+ 
CBAil(JtJ,J)J 
ADUS2• SUij~~(J)•SOk~K{JM]l/12 0 t(CHA~(lrJM3)•C6AH(lr7l 
+C li,Uq lr J toll) *C UA~ (l t lr 7 )tCRAH ( Itl, J!o\3) tC~AR (1 1 7) 

~. t3.ACRA~(1+1 0 JMJ1ACHAH{ltlr7)J•SIJHUK(J)/b 0 t(C8AR(l 1 JJ 
3. +2.tC~ARll+I,JJJ 

I • 

'· '· 

OSAU2a 03111\13 ( J) tOSURtll Jr->j} 112 0 • CCt:IA~ ( 1 1 JMJ) •CilAH (I, 7) 
+C~~~(l 1 JH3)•CHAH{l+lr7ltCMA~(Itt 1 J~3l•C~AH{1,1J 
tl,•CAAR(1+1oJ~j)ACH-~(Itlr7J)•USO~H(JJib,t(C~~R(J 1 J) 
+2.•C~AH(l+lrJJ) 
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(flftS VERSION 22 0 46) 1510lrlS PAGE 00003 

00 II fl 
0 0 II I 
Of\112 
Otlll] 
no 11u 
0011 s 
00 II-, 
0011 7 
00 1l 'l 
<ro II~ 
00120 

c 
c 
c 

JF(ADU51.GT,0,0 0 11R,ADDSl,E~.DSADIJijtl•t•BETAI+AD0SI 
lft0S~DI,LT,O,O)~E\At•BETA1t05A01 
T F ( AOI) SZ ,G T 0 0 , 0 ,OR , ,t,OD SZ, fiJ 0 1J SA DZ )llE T A Z•BE TAl+ A. DO 5;! 
IF(OSAOZ,lT 0 0 0 0)BfTAi•HETAitOSAOi 

,,,FJ~ 

*** SCOIJR OH DEPOSITID~ *'* 
UETA • SR(JJ • 80(J,JJ 
I<I:.TI.J~N 

''" 
(FlEtS VERSION 22,~b) 
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tfLECS ~E~SlON Zl.~·) 15103131 PAGE 00001 

--------··-----··-···-···-·-·······-···-
00001 
IIOOill C 
0000] c 
00004 c 
00005 c 
00006 c 
01)001' c 
0001)1!1 c 
000!)9 c 
1.101) l 0 c 
00011 c 
OOOil C 
00011 c 
0001'1 c 
OOOlS C 
ooo 16 
00011' 
00018 c 
00019 
OOOii!O C 
OOOZI 
ooocz c 
ooon 
ooozq c 
OO<li?'i 
01)020 
00027 
OOOld C 
OOOH C 
000]0 c 
ooo:u c 
OOO]i? C 
noon c 
OO(IH t 
OOOlS C 
OQO)b C 
OOOJ1 C 
0!10,8 c 
oonH c 
\10\liHI C 
0(1011 1 c 
1'100112 c 
UOO<i) C 
01)1)11(1 

000115 
VOOIIb 
00041 
000115 
01)(1/14 
ooosu 
00051 
OOOS2 
00051 c 

THU SUitROUTINE 18 lfESPOt4SlSLE P'Oif RE:ADII\Ifi THE llHOTOLUII JNPUT 
DATA ANO CO~PUTlNV IH£ FIRST T!R~ OP' THE ~ATE OP' CHANQE iQUATlON 1 

FOR~AL PANAN!TEHII 
ECHU • LlNI! PRlf-HER ECHU CONTROL UftUBL! • L*l 
JULIA~ • JULIAN START1Nii OATE Of THE IINU~ATION 
KA~I • LIGHT E~TINCTION COEfflClE~l Of "ATt~ 
KA~Z • LIGHT (XTI~CTJO~ COEFfiCJt~t Of IUSPINDI!O I!OlMENTI 

If!/ dUM 
PCO!f • fJRST TERM OF THE RATI! OP' CHANGE EQUATION 

CALLED BYI IERATRA 

I~ITfQEih·ll S!COAY 
LOOJCAL*l ECHO 

R!AL KAYitKAYl 

OlHENIJON £(18)r81(18rll)r~Ltt8JrPCOEft4J 

UATA SEC~AY/801100/ 
~•• THESE ARE l~E IUNLJGHT NAVE LENGJHI THAT DATA 11 EXPECTED P'OR 
DATA •L I )Oo.ou, 30],15, )01.75, 31)1 151 J11o7S, Ja3 1 10 1 

1 J46,oo, 37o,oo, •oo.oo, 111o.o~, •~o.oo, 4•o,oo, 
z 536.as, 5e~.so, ~J7.so, 087.50, 75•,on, aco,oot 

••••'JAIT DATA lET 
COL, 1• 5,,,JUL1AN,,,,JUL1A~ 8TARTJ~8 PATE 0, THE IIHUL~TlON 

NHfN THll 11 INPUT •• A ZERO, NO 
P~OTOLYSII CALCU~ATIONI ARE MAD~, 

6•15.,,PHI,,,,.,,THf REACTION GUANTU" YJE~D 'OR THE 
CHE~ltAL JN AJR•IATUHATlOr PURE NAT£R 1 
A HEAIURE Of tHE EfflCllNCY •ITH •HICH 
A PHOTOCHEMICAL PROCEll- CONVENT$ 
ADIOA8EO LIGHT INTO CHEMICAl R[lCTlON, 

1~•l5oooKAY1 1 oooo•LIGHT fXTJNCTJO~ COEffiCIENT OF •ATtR 
(1/H) 

Zb•)5, 1 ,~AYZ.,,,,,LtG~T EXTINCllO~ COfP'PlCJENT OF 
IUSPEN0£0 SEOJMENTI IN •AtER 'I~LP• 
&lUnJN& COHfiCU:Nl) l'ltt./K&Ul -

Rf:AO(Irll JULJA!f,PtiJ,KA'I'lrKAYZ 
~HEN tJULl~~ ,fij• 0) 
1 00 ti•l,~J PCOEF(lJ • 0 1 0 
1 PNl • 0,0 

KAY1 • 0,0 
~AY2 • 0 1 0 

, JF (ECHO) wR1TE(61 ZJ 
••• Fl'>j 
~L.SE 
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CFLECS VE~SJON 22.~6) t510llll PAGE ooool 

oooo;q 
OOOS'J 
tl11056 
Q0057 
00051' 
000'5" 
00060 
OOObl 
ouou 
0006] 
00061.1 
OtlOOS 
OOObb 
001.107 
C)OOD8 
OOOtt'J 
0<1070 
00071 
00072 
ooon 
ol00711 
\10075 
00010 
00077 
i!0078 
00079 
04ll.l'i0 
00061 
000112 
OOOBl 
OOOIJil 
00085 
OOOftb 
00087 
00068 
000.,9 
oooqo 
00091 
OOO'Il 
Oi!Oq] 
C)00q4 
000'15 
oooqo 
ooo•n 
oooq/J 
oouqq 
00100 
OUIOI 
00102 
0010] 
UOlU" 
00105 
OOIOb 
00107 
00108 
oo 1 nq 

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 
c 
c 
c 
c 

c 

c 
c 

• 
• 
• 

• 
• 

• 
• 
• 

• 
• 
• 

• 
• 
• 

• 

• 

• 
• 

• 
• 

• 
• 

• 
• 

oo•oSECO~D DATA SET • AOSO~STlON COEFFICIENTS TAB~[ 
THIS 18 THE TABLE Of ADSORTJON CO!fFJCttNTt ,OR 11 
6tFFERE~T ~AVELfNiTHS THAT A~E A ~EAIUR( 0, THE CH!HlCAL•S 
ABI~ITV TO ADSORB LIGHT AT THE DiffERENT MAVEL!N'T"I• 
liiAVfLE'1GTtl U"'lTS ARE /rtA~O "ElEHI 1 

.. .. ICEC0!-10 1 
NAYELENI;TH OF 
WAYEt.lNiTH OF 
WAVELENGTH 0, 
WAVHINIJTH OF 
NAVELlNGtH 0, 
w.WELENGTH U, 
I'IAVELlNGTH Of 
dVfLlNGTH Oft 

COLo l•lOoooU 
11•20,,,[{ 
21•30 101(( 

ll•fiO, •• EC 
tii•SO,,,EC 
Sl•b0 11 ,E( 
bl•7o, •• E( 
71-~o.,,f( 

l),,,CO!fo 
i!:J ... coE~. 
JJ ••• co!F • 
.rn,.,CDfFo 
SJ, •• coEF. 
6J, •• coEF. 
n ••• coEF. 
eJ,,,COEF. 

••• ••• ••• ••• ••• ••• ••• fOR 

JOO,OO 
30], 75 
Joe,n 
US,1S 
su,n 
su,to 
J46,00 
Jfo,oo 

1111 it!CORU i!: 
COL. 1•10,, 1 !( 9),,,COtf 1 FON NAVELENGTH Of 400,00 

ll•i!0, 1 ,ECI0) .. 1 CUlF, FOR NAVtLENOTH OF U0 1 0d 
ll•Jo,,,E(Jt),,,(OEF, FOR NAYfLtNQTH 0~ tbO,OO 
Jl•4o •• ,ECt2J,,,COEF, FOR •AYEL!NDT" OF 490,00 
4l•SO,,,Et13),.,COE,, FOR KAVEL!NOTH Of SJ6,ZS 
S1•bU,,,E(I4),,,CO!F, FOR "AYELENiTH 0~ 187 1 50 
Dl•7o.,,£(1~), 1 ,COEf, FOR -AV[LENOTH OF 6J7 1 SO 
71·~n.,,ECl&J 01 oCOEF, FOR NAYELtNdTH OF 611 1 50 

,,.,ri!ECORI> J 
co~, l•to, •• EC17J,,.COEF, fOR NAVELENGTH OF 756 1 00 

11•20 1 ,,Etl8J,,oCOEf, FOR I'IAYEL!NUTH OF 800,00 

11 ooTHlRO DA1A SET • SOLAR JNTE~IlT~ TABLE 
1HI8 TASL£ CONSISTS OF FOUR 8£18 OF II VALUES, THE 
FOUR SETa CORH£8PO~D TO SPRING, SU~HER, fALL, ~NO l'llNTEH, 
HEIPECTJVELV, THE 18 VALUES CORNESPONU TO lHE 18 WAV!LfNQTHS 
AI D£8CRJij£Q ABOVE IN THE ADSORPTION CoffflCIE~T TABLE, 
THE INCLUSIVE DATES fOR EACH lEASON ARE GIV£N BlLOWI 

CAL[NOER DATES JULIAN DAT[I 

5PHJNG 
5UN4EH 
fALL 
~<~INTER 

IF {fCtiOJ 
liHITE (6 ,]) 

-············· 
~ARCH I 
JUNE I 
9£.P, 1 
l.IEC, I 

• tU.Y Jl 
• AUii, ll 
• NUV, ]0 
• FE8, 28 

• WRII[Cb,7l JULI_N,PH1 1 KAY1,~~Y2 
wHJl[(b 1 SJ 
On {L•I, JK) 

............. 
60•151 

1Sl•24) 
24"-3]4 
US•)b~l 

• • ~RIT£Cb,b) ~L(L),fiL),Cil(L,I),J•I,41 
I •• ·'IN 
• o • f I"-

Utr Hi~ JULIAN !)AJ£ 18 AI)JIISlE.O TO HAKE TH£ f' JRU OAY Of 
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00110 
IJ() 111 
00 Ill 
ootu 
ou 11 tl 
uu 115 
{'0116 
IJO 111 
Ot•ll fl 
Oflll9 
00120 
00121 
00122 
1Jll123 
1~0124 

oo tz; 
Uill26 
(1\l 127 
1'111128 
00129 
oo llo 
0 0 Ill 
00132 
OOIH 
001311 
0~115 
00 llb 
OOIH 
ou 116 
vo 139 

c 

c 
c 
c 

c 
I 
2 

' 4 
5 

• 7 

c 

• 

• 

• 

1~101131 PAGE 00003 

5PM1~1G J 1JL IAN IJAY 1 Ull 
1111-tf.N (JULIAN ,!lE 1 60) JVLJAN • J\JLlAIII • 59 
lLSE JU~lAIII • JULIAM t l06 

••~~" COHPUTE Tl-tE FIRST TERM UF THE MATE Of CHA~~E EgUATION 
Fo~t EACH 01' TtiE FOUR 8EASOttS U• 

DO (ht,a) 
• PCo~FtiJ • 0,0 
• UO iL•1,t6) PCOfFIIJ • PCOfF(lJ t !CLJ * lltL,IJ 
• PCO£FCI) • PHI * PCOEf(l) * (2 1 303/6 1 02[20) • I!CUAY 

• ,,,FIN 
ooofiN 
~ETUI-!N 

FOR~Aill5,lFJO,O) 

FO!l~At(IH0 1 13Xo'NO PHUTOl.YSJS UEGRAOATlON ~rjJLI. B£ COHPUli!:D'J 
FU~tMAt(IHU 1 48X 1 1 PHOfOI.~SIS TA~LE& ANO COEFFJClENTSil . 
FUkMAT{8fi0,0/8Fl0 1 0/lft0,0) 
FOil I' H ( 1H0 1 5bl( 1 1 PHOTOL Y!JJS lAIH.fS '/Hll.r I AOIOA8Tl0N' 1 

I 2))(, 1 801..-,A PITf.N&ITlE8'/ZlK,•LAt10A CENTER', 
2 2K,ICUEFfltlENT&1,5K 1 'S~AIN~ 1 ,8K,'SU~~£A'r9X 1 tfALL'• 
J 'H 1 1WlNTI!R'!i!1X 1b(12(1,.1),j!.l)) 
FO~HAT(2~X,~b,2,lX 1 5(2K,1PEt2,4)) 
fOA~Af(26K,tS,t,,,JVLIAN STARTlhG DAT~'I 

I t4K 1iPEU 1 5 1 ' 111 AEACTlDN QUAio!TUM YIEL.0 1 / 

2 1411,!PE1Zo5r'•••LIQHT Eli.TlNCliON CDEr,tClENT 0' WATI!:~I/ 
l 1411 11PE12,5r'o•oLIGHl EKTlNCTlON COEfFlCifNT 0~ SU8P!NDlO'r 
4 ' !ULID& lN ~ATER'J 

........................................................................... 
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1)0011 1 
1)000.2 
0001)3 
00 1)1)4 
00005 
00001> 
00007 
0(1006 
OOO<J~ 

00010 
000\1 
00012 
000 tl 
0001 (j 
00 0 15 
IJIJOifl 
tl 0 () 17 
!lOOP~ 

OOO)Q 
0 Qj!j:?IJ 

oo Oll 
001Jl2 
0~ 023 
onocu 
OO!J25 
1}0112b 
QOI/27 
o ooza 
00o.l29 
(l 0 0 lO 
IJUOll 
oou S2 
lli!OH 
f)IH)JII 

OOll35 
Oll\):51-
000,H 
OOOB 
OOOH 
OllOI.Iu 
on o" 1 
OflOili! 
000111 
0(11)1111 
0011115 
000110 
UOOIH 
00 Oll6 
Q{ll)ll(/ 

00 O"iO 
0 (1.:1'51 
000'32 
OOO'SJ 

·············---------··············--·-

c 
c 
c 

' ' ' ' ' ' ' ' ' ' c 
c 
c 
' ' 
c 

' 

c 

' 
c 

S!JflkOUTli~E. PfWFlUALErl 1 AW1D 1 0F.I,.Z 1 OEPTI'l, N[I.EM, Iii, 
l USTA~, VOL, I.IH 1 EL.1 IFL.AO, DELTA) 

THIS ROUTINE ASSinr..s A L(HURITW"IC llR UNli"ORM PROflL.E lfl'IR THE 
UIJLII. VOL.U•1ETRtt FLO\OIS• 

I~PUT PARA~ET~~SI 
AL.[N SE.GI'IENT LENGTH 
AWJO SEG~E~T wJUTH 
UfLZ • ST.for.UARIJ EI.,EMEI>tT THICKNESS 
UEPTH • FLO~ DEPTH 
~ELEH NUM~ER OF VERTICAL ELEMENTS lN THE S£~~tNT 
~ • FLU~ TO DE Dl9T~IBUTED 
USTA~ • SHEAH VELOCITY 
~IJL. • 8EG11Et<T VOL.Ili'IE 

t.JlfT~UT I'ARA·1ETERSI 
~H • DJ!TRl8UTEO FL.O~ 

CALLt.ll iJYI HVOFl.Or ICFL.O 

I"'CLULlE 1 ~L.MSlZ.PI~M' 

lll~E~~IOrl QH(~KELEMlr ZCH~EL.EMJ, ZllMKELEM), ·~IOCMKEL£M)r 

I eL,(MkELEMJ 
l)•l.fo )[I(/Cl.4/ 
o•TA r.f'il,IH/ 

DO (J I lrM~EIEMl 
t'lH(IJ I o.o 

,,,FIN 
UBARI~ I VOL * AL.~~ 
Zf11ll[PTH/{10,U(UtHR*XK/(2,l•USU~) t l.IZ,JJ) 
lCOU~•T•O 
znao,oOI 
CI1UBAR•KK/UST.~tl 0 0 

COt~aDf.f'TH• CC l"'i' olOldLOGI 0 (DEPTH)) 
RlPE•T U~lll.lABS(EPSI,L.T,O,Ot,OR,ICOUNT,Gl,10) 

I CUUNUICOIINft I 
FZO•CON•ZO•Cltl,50ltOEPTHt.fol.OG10{Zn) 
FPlU•IJ~PTH/ZU•Ct 

ZP•Z.o•F"ZO/FPZO 
EPS•<ZP•ZOI/ZP 
ZO•ZP 
JFtZU,L.T,O,Ol 

• 
lO•DEPlH/(In,•*(UUARaiK/{l,JOJ•USTAR)+I,I2.l0lJJ 
JCl!UNT•IJ 

, , 0 • F l1< 

• • • F I'' 

~HE~ czn ,Gl, DELl/U 0 0 0 U~,NflEM,E~ 0 l) 

••• Ul~lRl~UTf ~~LtiCJTY UNIFORMLY ••• 
~I'IE.NCHLUO,EIJ,O) 

00 II•t,•~t:LE-'1 
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CfL.ECS VEWUO•< 2Z,~b) 15101147 PAGE OUOOZ 

000'511 
00055 
00056-
00057 
QUI\Ijll 
Q(l(l'!,q 

01.101;>0 
00061 
0(1062 
llOUb] 

00064 
000'-5 
000b6 
00007 
0001,11 
00lllo1il 
00070 
00071 
00072 
OOU7l 
00074 
00075 
0007b 
00(171 
00078 
ooon 
oooao 
OOOlll 
OO!lS2 
0(11)11] 
0004:1tl 
00065 
0001\6 
OOOIH 
000!16 
OOOii<J 
00090 
Qll01il1 
01!092 
OOIIH 
1100114 
00095 
OOO'Ib 
00097 
00098 
ooo•n 
00100 
(10101 
oo 102 
00101 
00104 
OOIO'i 
il!ll Ob 
00107 
OOIOA 
1)0 109 

' 

' 

' ' 
c 
c 
' ' ' ' c 
' ' 

, WH(JJ•U9AR•OEL.Z*A~IO(IJ 
• o ,,,FIN . . . ·" ~~ 
• USE 
, , 00 (J•loH!LE~•IJ 

, • ijH(JJ•UIIAA•(EL(JtiJ•ELClJJ•~~ID(I) 
o o ,,,fiN 

0 QM(N£L£H)•UBAR•OELTA*AWIO(~!L.£M) 
.,.f"l~ 

,,,FIN 
fLS[ 
• ••• DJSTRIRUl£ VELOCITY INlO ~ LOGARlT~Mlt PMOFIL£ *** 
• NUMRUEUIHI 

U lJ •Zll 
l(NUI'Iti,.OEPTH 
Zl (NU~tf)•O, 

• 
• 

• 

• 
• 
• 
• 
• 

• 

• 
• 
• 

• 

Jll • I 
J•~U"'6 

PEPEAf UNTIL (Jk ,EI, NELEM ,~R, llJJ ,LEt 
• J:C. • J)( t 1 
, J•~ELEH • Jll t Z 
• ~~EN tiFLA;,[w,O) ZllJ)•Zl(J+I)+OEL.Z 

ELSE 
, WH£~ (J 1EQ,NEL.£MJ ZllJJ•ZICJ+I)+OELTA 
, tLBf liCJJ•ZltJ+1J+E~(Jtl)•£L(JJ 
.,.;u~ 

• Z(Ji•O[Pl~ • ZllJJ 
.,,Filii 
~"~HE"~ tUJJ .ar. 
fLU: 
• Jl • J•l 

00 llalrJIJ 
, • r.IHCJJ•:), 
, ,.,ftN 
, •• FIN 

ZOJ J • 1 

A•Z,JOJ • USTA~ I kK 
SUM•O, 
kLOGO•ALOGtO(OEPTH} 
00 (J•J, ,..ELEM) 
IPI•Hl 
DLZ • ttJPIJ • l(IJ 
Tt•hDLZ • XLOGO 

ZO) 

T2 •A•(Z(lPlJ * ALOGIOtZCIP1JJ • ZtlJ * 4LOGIOlZCIJ)•DL.ZJ 
0HClJ•tU84R•~LZ•Tit1ZJ••wl~tlJ 
SUM • SUM + ~H(J) 

"' TI•AI(UEPTH•ZUJ•(ZO•ALOGlO(ZOJ•OfPTH*ALOGIO(OEPTHJ)+UBAR 
OU (hJ,MEl[H) 

lPI•I+I 
T2•'•(l(lPI)••LllGIO{l(IPJJJ•Z(lJ•4~0G10(ZtlJ)J 

, 1111 ( l)•AWJ!)( f) • ( T 2+ (l ( IPI) •l( J)) 111111) 
, 8U1•SUM+Qt1(1) 
.,.Fl" 
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(FLECS VE~SION 22.40) 

() 0 110 
00111 
oo liZ 
00113 
1)1'1114 
00115 

• • 
UO tl•l,NELI!:M) 

QH(I)•WH(l)/SUM 
FIN • • •• 

• 10 Fihl 
RE lf..l'fN 

• • 

···--·-···················-····-········ 
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00001 
00002 
OOOUJ 
1,)0(1<)11 
ouoos 
11000!'> 
00007 
00>)08 
Oil Otl9 

00010 
on o 11 
1}0012 
000 tl 
0110111 
IJ 1\tJl 5 

c 

' ' ' ' ' ' ' 
' 

151011101 PAGE. ODOOl 

SOJBAUUT I r~t. PUTEt.IR { {1) 1 NUMfll:A 1 HLOER~) 

1<H£N AN E~ll:OR I~ r>fTEC:HO lN THf INPUT !ITNHM , 
T!IIS !Ul'RllUTlNE 1S CALLED TO PLII-CE THE EM~OR lLlENTl'ICATIO,.. 
CO{JF. (JU) ltHil THt: HOLOING AIHUY (HLOERA:J AND lNCMEHENTI 
ff1E ~UMREM Of E~RtlltS (NLIME.RP). 

~AllfQ UVI tll~OAl, INIOAT, TR~DA1 1 UP!OAT 

"41111EAR•NUMERR<tl 
11L0Eil:l( ( t~U·"'ERR l•lll 
AE TIJRN 
t.r•U 

···----------------------------~------·· 
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(l(IOI) 1 
(J\)\)1)2 

ol1\0ill 
1)\1004 
01!1)05 
1,)1}01)6 
00007 
O(l O•J6 
0000~ 

OI'O I 0 
000 I I 
(oOI) 12 

1100 I J 
(10014 

1!0015 
OOO!I'J 
()()017 
00018 
\I L) 01 q 
O'l!li'il 
IJU 1li I 
l)l.)ij,i!2 

1)00?3 
llfl02il 
(Jfl\J25 
0!)020 
!lu\!27 
00 02~ 
ouozq 
ont•lO 
OilOH 
I)OI)j/ 

OoiOH 
01)0]4 

OOOH 
!J 110 J!) 
0 IIIJJ 1 

u '' n lP. 
flOOH 
tHlO'iO 
Ql\041 
I)I)QIIl 
0 I) (Ill] 
OOIJiilj 
()1)0115 
O')i)Ull 

000<17 
ill104tl 

I51U4107 PAG~ IJOOOt 

·····--·-----------······---------------
c 
c 
c 
c 
c 
c 

' ( 

c 
' c 
( 

( 

c 

c 

c 

l)III!RO!ITJ~t RJ.IlJUS t A.Lt,N, AREA, CRUSH, OfPTHo H, Mf!AO) 

T'11S IH.lUTIN! c;ALCIILA.TES T~t ~YOWJ.ULIC IHOlUS or A CROU•SfCTION• 

INPUT P&~AHETERSI 

ALEN SEG~ENT LENGTH 
AREA • 8V~f.I.CE AREA AT NOO.I.~ DEPTHS 
DEPTH • OEPTI• OF CllilS'l•SECTION 
t~ • ElEVATlU~i OF ~IOO.I.L ARE.I.II 

OUTPUT Po\RA"'ETERSI 
CRO&t.C • TOTAL CR08S•8ECTIU/IIAI. A~U 
H~AO • HYURAULIC RADIUS 

CALLEil IHI HYOO.I.T, lCFLO 

lNCLUOE 1 tLMSJZ.PR~' 

OI~~~~IO·l AHEAC~•fL~M), ELCM•ELEM) 

ClfUSEC • U, 
liLEIII • l 0 IALE'l 
~ETPFH • AREA(lJ~RLEN 

E.LIHM • El.(l) 
~"TH • AREA(lJ•ijLEN 

t•\l (1•2 1 f••Et.E~'l 
f.LTOP • ELIIJ 

• ~TUP • ARE&(I)*ULEIII 

• + CROISEC 

• 
1 • 

IF CELTUP,GE.DEPT«l GO TO 10 
CRUSEC a (ELTO~ • ~L6lM}~(•TOP + 
I'IElPF.It • S<HIT((t::LTOP • ELI!Hl)U2 

o'I~TI1)1i! 0 
+ C CI<ITOI' • ~8TI'I)IZ,lUi!) 

• 

t >~ETPE.>< 
EL.oJT11 1t: EL TOP 
~'~BTM • WTQP 

••• ~ 1 ~ 
~•nTE (h,ll C~OeEC, WElPE~, I 
FIJ~•1AT ( 1 i•, t EI<IWR IN S!J!llfOUTlNE RAUIIJS'I 

I 'll CR(ISEC • '• Et2,1.1,t"'~~l 1 1 
2 1 () tOEflEIJ PERIHETE~ • •, Eli! 0 Q, 1 MUi!'l 
l 1 ll ELEMENT• 1, Ill 

r,o TO 20 
~TUP • I'I~TM + (~TOP • >IHTM) • (n[Plrl • EL~TM)I(fLTOP 

f.L. TUP • llE.PTH 
C~USEL • CR•ISEC t (ELTUP • EL~IMJ • (~fOP t ~ijJMJIZo 

• ELBT"'l 

~€T~ER • S~~T ((ELTOP • ELATMJ~*2 t ({~lOP -~~T~J/l 1 )**Z) ~ i! 10 
l t ~fTPt~ 

HRA!1 a Cf.!llSEC 1 '<flPEH 

f_ l•J 
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OODill 
OUO(Jii! 
Ot1Cl03 
00004 
onont; 
(111006 
(100(17 
ououe 
00009 
00010 
Ollllll 
001) 12 
0001] 
000 14 
00015 
OOI)lft 
00011 
00018 
Otl019 
oooc:o 
OOOZI 
OuOll 
OOOZJ 
000;?4 
!J0025 
000l6 
oonu 
00028 
000i!9 
0111110 
oOOll 
OOO!l 
OOOlJ 
00\lllf 
00035 
000]0 
00037 
00018 
00039 
000'10 
00041 
000'42 
0004] 
000411 
000'15 
00041:1 
00047 
001)1.11\ 
00<)49 

00050 
00051 
01"05i! 
OlltJ53 

·········•······························ 

' ' ' ' c 
' ' ' c 
c 

' c 
' c 
c 
c 

' ' ' c 

' c 
c 

c 

c 

SllltROUTIN~ RDSFlOIAl.!Nr AltEAr AJ<ilOrCr D!l.lr DfZr N!'L!Hr N!L!MP, 
I POf.Lir PWIOr PXIARr VSEl, XIAR£A) 

THIS SUttiHIUTINE Jill CAU.£0 EACH THIE ITI:P UXCEPT THI 'IRIT) IIIHEN THE 
OEPTH WlTHl~ THE SEGMENT HAS CHANGED. lfl TASK II TO R!OIITRIAUTI 
HIE CONC:ENT~ATJONSe 

FORMAL PARAf'IET£il81 
Awl~ • •lOT~ • CURHENT Tl~E STEP 
C • THE Nf~f'IPT+I NOOAl CONC!NTRATlONI THAt ARI TO A[ 

AEOlBTMlftUTEO 
DELZ • THE STAN•>APO EL.!MENT H+ICII:N[SI FOM TH! CURRENT TIME. IT!P 
vfl • OtrFUSlON•OlSPE.RSION COEfflCJfNT 
~ELE.~ • tHE NUHSE~ OF fl.EH£NTI FOR THE CUARtNT TIHE ITE.P 
~EL.EHP • tHE. NUMSER 0, ELfHE.NTI DURING TH( PA!VlOOI TJHt STEP 
POELZ • THE. ST.NO.RO li..E.HENJ TH1CKN(81 USED OUNlNQ TH~ PREVIOUS 

lIME ITEP 
PltS~R 
P.;to 
XtuR:EA 
YSET 

• PREIS SECTION • PR!YJOUS TJHE ITE.P 
• ~lOTH • PAEYIUUI TtHf IFEP 
• CR~II I(CTION f CURR!NT TtHE. IT!P 
• IE.TTLINC VELDCJTV Of IEDIHENT 

lNCl,UOE. '!LHIIZ 0 PHM• 

OlHE.NilON AR:EAIHX~L!Hl, A~1D(HXELEMJ, CIHWtL.EM,MAXCONJ, 
ICP(HXELEMrMAXCON), DFZI4lr PWJO(MXflf~), PXSAR:(MXE~EM), 
2VSETCJ)r lCSAH!AII<IX[l.!M), JELPCMXfLfM), ~fiJXS(MKEli!M), TMA8$(7) 

P~S • o. 
xs • 0. 

l)O ll•lr"'f.LEHJ XI a XS + XUREAtll 
UO (l•l,NlLEMP) PXS a PXI t P~SARCl) 
U•1 (l•lr~<~t.LEHP+IJ 

• DO (Jal,~AXCO~J 
• • CPCirJ} a C(l,J) 
• 000 FIN 
•••fiN 
ofAllO • Plti/X:S 
CALL E.QtJPXS(PXUR, f>~'<!Ll, I>DE.LZ, •SAflE.A, NEL.!H, N(~[MP, lfATlOr 

llF.:l,P 1 rn:o.~XS) 

00 IK•Iri'IAXCUN) 
TI1A88(Kl•O• 
CT•CP(l1K) 
ca•CP(t,n 
NEL.HHT:IIl 
C~~SlHa(CftC~J/2o*Pk8AR(IJ 

• C"'lSI;IbJ10 0 

0 l'Utl•I,NELfl'l} 

• 
"lEL H T Pal£.LP ( ll 
;jOaNE1.11TP 

6.68 



000511 
00055 
t)O >.150 
00057 
O•J058 
00059 
noooo 
OOObl 
OOOb2 
UIJOb] 
(lllObll 

OUObS 
llllObb 
000&7 
IJOOb8 
000b9 
001170 
Q0011 
001172 
OUI) 7] 
000711 
(}01J75 
00 07b 
00071 
1)0076 
00079 
lj()()ijiJ 

ll !lOll 1 
>.IOOIIZ 
clll()ll] 
0001111 
()l)(lf';5 

IIIIOI:lt> 
(100~7 

()11()1!8 

llUO!i9 
I}IJOQO 

ooo•H 
00092 
Olll/9l 
0 1)0'lll 
1)0095 
1)00'Ho 
()()(1'17 

OOO..,b 
Ol!II'H 
ootoo 
uo 1111 
00102 
1101 Ol 
1) 0 I Q II 
0UIU'5 
ootnn 
0\1107 
0(1 I •111 
00109 

c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

• 

• 
• 
• 

• 

• 

151011115 PAQE 00002 

NT•rHht 
ET•t•B•PCIELZ 
EB•I:::T•POELZ 
CT•tPtNl,IO 
Cf\•CP(tHI,II.) 
H[l,.iHF.t.IX!H I l 
FACI•CHEL•EB)/POELZ 
FACZ•CEl•HELl/PDELZ 
ClUP•CTwfACt+CBwFAC2 
CMASAT•tCl+ClOP)/2o•PWJ0(Ne)•tET•HELJ 
C~A$~T•<CTOP+CBJI2o•PWJP(~BJ•tHEL•Edl 
lNOlC•N(L~TP•NELMAT 
C~ASS•IIo 
J'(l~OIC 0 lQ 0 0) CMASS•CMASHT•C~ASBB 
l~(I~OIC 0 GT.O) CHASS•CMlSBT+C~ASAB 
lfUNOJC 0 r.T.I) 

OOCJ•Ntl~HT+1,NELMTP•1) 

CT•CP(J+I,~J 
C!•acptJ,~J 

o C~ASS•C~ASS+PXSAR(JJ•(CT+CBJ/2 0 
0 .,.FIN 
• • •' Ill 
fMA8S(~J•TM488(~)+CHASS 
NODAL 'IALIJf lN t!OTlOM ELEMENT 
11HE.,.(l 0 tl.loll 

• 
• 

• 

• 

fiHENt~.NE.7) 

• 

• 

• 

I'IHfi(K,LT.IIl 

• 

COE.F •o. 
WS•VSE1(~J•AREA(I)/{AW10(1J•AlENJ 
EZ•llFl(K) 

• • 0 F I ~J 

POLLUTA"'l ASIOCIATEn >~ITH UNO !llll CLAY 

1:-lSE. 

• 

COEF a0 0 

~S•wSET(K•l)*AR[A(I)/(A~lO(lJ•ALtN) 

f.Zal!FZ(K'"ll 
, , , F 1 '' 

~~~~11:.1 Ct1ASS lS IN (KG/11) 

Crt,~J•C2,•LM~S8t~SA~EA(IJ•COEF•OELZ/EZJ/C2o•~S•VELZIEZl 
C(2o~Jc2,•CMA~Sf~SAREA(l)•Ctl,K) 

,,,FlN 

nsE 
CtloKJ•C~~SS/~SAkl.(J) 

, CCi!,~J•t(\,11.1 
• o , F It. 

••• ~ 1 ~· 
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(FL~CS VERSJQII 22 0 46) 

onttn 
o o 1 t I 
00112 
00113 
o.l \II I II 
OV II S 
on 11 b 
00111 
0011 tl 

c NOI'lAL VA.LUES Af:IOYE fiOTTOM ELEMENT 
ELSE C(l+l,~l • Zo*C~ASS/~SAREA(l)•C(l,K) 
tMA5AB•C~ASAr 
CMASM•CMAS~T 

• NELM8T•NELM1P 
• ••• FIN 
000 FJN 
ktTIJf.!N 

---------·-··-···-···-···---------------
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o ooo I 
OOOVI? 
00001 
OOOiJII 
\) (I i) () ') 

".Hio.lOk 
00007 
VilOilll 
0001)'1 
OOOtv 
ovo II 
<lOO!l 
OOOIJ 
0 ~ 0 I 'I 
n QO I '5 
0<)0 t b 
0 <lilt 7 
0!\0lij 
oootq 
UOOiil 
00<1ll 
0/JOU 
1}()021 
00 11211 
OUO?'i 
iHJOo:!b 
00027 
Oil Oil\ 
00 Oi'9 
0()(/]0 

IJOOl I 
non 3Z 
O()(IJl 
Of•Olll 
0003') 
000]0 
00031 
()00]8 

no o l'l 
(l\) 0" () 

151011110 PAGE 00001 

----------------------------------------
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 

c 

c 

c 

THI"l I<UliTlrJE IS Hf..SPUN5lt1LE. roR RfPOIHlffG ANY INPUT E~f.IORS 
U~•CilVE~EO l)l THE IN~"'UT I<QIJTJI'OF.S AN\.1 OETE"'MJNlNIO THflR UYERITYo 

CALLEIJ ~fl 8ERATRA, Sli<TUP 

tiYl~ MLOfi<R(IOOJ,{tltF'Ftl:lOo?.l 

l•f>EN (Uti 1 T•t o, ,_Aitf• I SERAl E"'l~ 0 r-ISG' 1 T YPE• I Ol.ll I, ACC!:I!d!l•' Olft!CT I 1 

1 F ORtt•' ru~MA 1 TEu 1 , ftA ~~o~Et•2oo, ~Et\JROSJ ZE•ijO, 
2 ASSUCI~r~VAHIAALf•IJt,~EAPONLYJ 

>j,lr1,.•0 
t«tWF•O 
""'lfE.(Ootll 
[Jt• ll•loNUHEkfl) 

lND•(HLDE~~tl)•ll*~+l 
REA!)( tO I INIJr I) (UliFF (11. 1 I) o K•lo 80) 
}Nr•I~D+I . 
~fALl[ I 0 1 pw, I) !flUfF (t<;, 2J, t<.•l, eo) 
If t~UFf ( 1, ll ,fll, ltoj' )'<IJH~•~UMI"t I 

~ lf(l)liFf(t 1 1),fiJ 0 1 F 1 )~V'~F•NUMF+I 
l<lf.ll IE (b, 2) ( (I)Uf F I K, J J, 1(::. I 1 60 J, J•l, 2) 

, , ,F 1 N 
>jl>/ 1 H.lb, l J NVM~, til.),1F 
CLttSEIU<~t 1•101 
IF (N!JMf ,GT, 01 Ft.RRnfl • ,T"'liE, 
HE:I!ii<N 

I filHHAf(II•J.-,1} 

2 Fl•tl~·l ( l•W, AI 1 21<, 3.-.t 1 JX 1 7bA 1/10~, HOAI) 
] Fl!ii~Al(II,IO~,J5 1 1 "ARNI~G fliAG~lU5TJCS 1 !ltX 1 15,' fATAl.. !:HROR(8)1) 
q FUR1AT( 1 /***** DIA~NDSIJC SUM~Afl¥ *****'l 

--------···-·-·······-·--·--------·-·---
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\)1)01) 1 
I)I)I)IJi! 
•J('110J 
no!ln4 
oooos 
0000{) 
1)01)1)7 

QOO•Hl 
00011'~ 

00010 
000 II 
ooo ll 
00013 
l.lOOIIl 
00015 
o)OO 16 
1)00 17 
00 I) lf! 
OOOiq 
o on2n 
00021 
QOQCl 
00023 
00\)2'1 

011025 
oo a co 
000.!7 
oo'o2A 
0002Q 

00050 
oonlt 
00032 
ooOH 
oOI) l'l 
Ol.lll35 
0o)(lj6 
(111037 

uOUJ'i 
OOOJ? 
QOU•IO 
0 0 •1111 
000'12 
OOU 1H 
Of!Oijil 
01'10'15 
11 no 110 
000<17 
000118 
ooo •19 
000'>0 
00051 
oo 05l 
l!OOH 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' c 
' ' c 
c 
c 
c 
c 

' c 
' c 
' c 
c 
c 
c 
c 
c 
c 

' c 
' ' c 

' c 
c 

SUB~OUTINE 

I 
SAIIIO{AH4A, AL,£111 1 AREA, B, ~OIVr CCINr Ofi,.TO, Ofl..lr 

D£1118, U50 1 tiiUO, Nil£0, NEI,.Ef'lr POMr QHIN, 

' l 
' 

QHQUT, SCSHR, SLOP(, SHETH, ITRUSr Tfi'IPR 1 
V~Ef, VUI.r HBU, DfPO, 1LAYN 1 80 1 IR 1 
liNT, COI.O, C, CROSECr a.-JDr (CH07r SCOUR) 

THIS 8\JIJIIOUTlNE COttPUTES THE 80U~C£/SlNK T£RHI lf(QUlAfO P'OR 
SCOU~/OEPUSJrJON OF SAN0 1 TRANSPORT CAPACitY IS CALCOL.AT!D 
QtiCE PEA (SEGMENT I 

lNPUT PARAHETENSI 
AdAA • AVERAGE VERTICAL PHOJECTIO~ A~EA 
ALEN • SEGMENT I,.ENGTH 1 

AREA • fLE~E~T (REAL) VERTICAL. P~OJECTJO~ AREA f DATA NODES 
f:l • REO C(J~IO[TJONS 

Bl>l v S !ANOA~O 61!:0 I.AYER THICIINUS 
H~IO ~EAL ~IUTH AT CROS8•8ECTJON 8REAII PUIHTI 
C ~ATl~ CONOITIOH8 
CCII>' • crmcEr.TRATJOH OF JNFLO'" 
CIHISf.C TOT-L CROSS•8ECT10NAL AREA, MUl 
OfUO TIME srt.P (OAYSJ 
llELZ SHIIUA~O ELfH!:NT THICIINEU 
OflZT • T~1JCIIN!SS OF THE TOP ELEMENT 
llfNS OEf.ISJlY 
DSO ~((llAII !lEO 8EOJMENT OUl'tETER (HET!:AJ 
HIHD • ltYURAlii.JC IUOtUS 
N~EU • N•JII~~N OP' liED LAHRS 
NE\.£"1 • NllMER f11" fU:t'£NT8 
POH • p,JRil6JTY 
rJttiN l•lflOio< LJlSCHARIOE 
rmQUT • UUHLO.._ OUCHAHGE 
SC:itt~ t•IJTICAL SHEAR 8TRESS IJ"UA SCOUR 
SL.OPE: f'lfRGY OR RUF.R lifO 8LOP( 
SMff11 t-1F. THUll TO BE USED JjHE~ CO~PIJTlNG UNO CAPAC IT\' (BYTE 

arr TOFFALETTJIS MfJHOU 
•Cr COL~Y'S ~ET~OO 

!JTRfU I:HiD SliU~ STRES~ 
TEMPH io<\TER TEMPE~ATURf 
VStT ~ARTICLE SETrllNG ~EL.OCITY 
VUL ~UliJHE 

lltSO liiJC~NESS OF TOP BEO LA'tER 
OUTPUT PA~A·>f.TERSI 

JLAVN NU 0 Uf l\EQ LAYERS AFFECTE~ 8'1 StD 1 !lEP05JTION A~D EA 
SD • UEPUStTJU~ QAT£, (~GIPC)/~**l/DA't) 
SH .. Ell!lSliJ" J.<J.TE, (I(G(PUIIi**l/l.lAY) 
liNT • ~Ut;ttT UF TllP HEO SEOII'If:.NT LAVER, (t<G/11U1.) 

l)EPO ll.E>J t.lEIItlSITlll"" HArE fKGCI'CU"'ZIUAV) 
SCOUR • ~Eu SC1UR RATE (~G(PCI/~2/IlAV) 

CALLEU ~YI T~~NSP. 
C.t,LL81 TOFFA.Lo CIILrH 
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I)•J05tl t 
<! 0 0<;5 
0<•05b t 
0110'57 
0005fl 
ll<Josq c 
<JOOOO C 
OO'Jhl 
Otl0t>2 
OOOQ) 
0001,11 
oooos 
U OOt>b 
oo (11,7 c 
OOilbtl C 
ooo&q C 
ooo7n 
00 071 
U007C! 
00 0 7l 
00074 
U0075 
000711 
1100 77 
011 071:! 
lll)07<J 

OIIOl\0 
0001:11 
00tll!2 
ltl)(l<Jj 
0 (HH!4 
OOOl\5 
OO•JHb 
00!11:17 
000110 
000119 
nnuqn 
OOO'H 
00092 
O<JII'H 
U00 1HI 
00095 c 
OUO~b C 
U0097 C 
0009~ c 
0Uf•99 C 
<JOIOO C 
110 Ill 1 C 
[IQ!Ol 
tl()J <) l 
0011)'1 
0•1 I 05 
00 l•lb 
00 I <17 
Qo In_, 
0Cil09 c 

/lYlE 81'1E1H 

LOGJC~L•l FE~~O~, ECH07 
flE~l INFR~C 

Olf'IENSION 
1 

~ll M~ ( "1 X f. LEM J 1 AilE~ ( HXfi..E f'l J, B ( HAXL!V, MUCON•l J , 
COL0(1XELEH,~AXCONJrCClN(MXELfMtMAXCO~), DENI(J}, 
QHl•H•UEL.EMJt UHOUT(MI(ELEMJr !C8HH())r . 
SD("'XEL!.,,OJ, $R(6Jr VS!TUJ 1 XNT()}, f:!(MX!LIHJ 1 
JLAYR(]), CIHX!LEH 1 M~I(C0N) 1 SWlD(M)(ft.[M)r 

' 3 
• < DEPOlO), SCOUR(b) 

lNITI~I.Ilt SC~L~R ANO ARIUY 'IARI~ 1JLES 

li..AYIHIJ :I 0 
f\Sco.o 
CS•O o 0 
OEI-'U(l} •0 0 0 
ttEP'.lC4J •o.o 
s~c • o.o 
GSI • 0 0 0 
•• nor • o.o 
SRCIJ•O.O 
51-!tll>•ll.o 
SCUU~Cll• 0 0 0 
SCiJUiHIIJ• 0 0 0 
~.HE .. Cl 0 0 
~PCROS • ALEN * A~I~(l) 
VOLU~! • CROSEC * AI.EN 
t)rJ CKal,NELEMJ 

SOCKolhO.O 
• snc!4.,4ho.o 
oooP"IIil 
x·~TUJ • o. 
If(Ndt0 0 NE 0 0J 
• ~NT(tl•C1.0•POR)/(A(N8£:0 1 IJ/DfNS(1)+8(NBED,CJ/DENS(CJt 

lo K(~RE0 1 ]l/Dt~S(}J)1t~YSO*U{NBtOriJ 
000 JlN 
If (ECIHJ7J 

• 
l • 

CALCULATE ACJL!fiL UNO TRANSPoRT WITHIN TtiE HIVER 1-fUCH, SRC(IIIOtDAYJ 

t.OTEI CCIN 18 A Tl"£ AVE.IfAflED 1~UANTJTY, COLD 18 NOTo A[lj 
IlfRATIVE LOOP I~ CAI..LEV fUR WHE~E SKC IS UPDATED UNTIL 
>~El:HJL TS AHE. IJNCHA~tnEOo 

f!O (IK•l,NEU!H) 
lNFIUC•O 0 5*'11H rl (I~) 1ti)EI.. fll/AIU~ ( U) /l)fi..Z 
EKFHAC•toO•I~FH~C 
SRt•SHCtl•IF~•C•·~IIl~<j{JK)*(CCJN(JK,l)+CtlN(IX+lrlJ)/2 0 

+E.I(f HAr. •Uf1!1UT I l X l*CfllO ( 11(, 1 J 
• UTUTc<Jl •H •I "~HAC o:Jtrl ·~ (I~) •E XFRAC1t•<HOUT (I X J 
• • oF I•• 
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llll11 II 
00111 
1)0 112 
ou 11.5 
001110 
no 1t '5 
ll tH It> 
1)0 117 
no 11 !:1 
I)U 11 ~ 
0<1120 
oo I i 1 
OUI2C 
ov 123 
~Oii4 

IJII ICS 
llOli!b 
00127 
001211 
on 12<~ 
OOHIJ 
uu t J I 
00132 
lliliH 
00!310 
oons 
110 1 Jb 
001 H 
110 ll!3 
00139 
UO \'lO 
<) ll\111 
OOJqi! 
001 'I! 
0 0 \l(l.j 
on 1 115 
~·lt 4b 
0'1\47 
1)11l 1Hl 

0 ~ \llq 
<11.11'){1 
Oil 151 
on t '>.1 
OOI'H 
•10 I ";<I 

0\ll~'i 
lfO I':>& 
lfUI'H 
00158 
o)O I ')<,I 
(l()jl,,) 

ll•ll ~I 
n~ 1':.2 
oo lnl 
011 I f,ll 

011\65 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
" 

c 
c 
c 
100 
c 
c 

• 
I. 

• 
I • 

I • 

• 

I • 

I • 

1510/oiJS PAGE 00003 

If IS IMPLICITLY USUMEO l"Al A i>OWiiSTREAM COURANT NVM!SER 
41 UR NEAR U~IT¥ 15 EMPLQfEO IN THIS ANALYSIS 

~ALCIJLATIO~S OF STREAM ~AP~CIT¥ FUH SANO 
SF.LE~T (51'1ET1i) 
• (. f') 

• • 

T~€ TUfF~LETl TECH~l~VE MAY NOT BE WE~L SUJT[O FOR C~ANNEL 
CR08S•8ElliON5 wHICH OlFFER MARKEDLY ~~OM RECTANGULA~, 

CALL TOFFAL(ALEN, osn, GSI, HHAI.>, IHOT, SI.OP~, TEMPR, VOL, VSET, 
GSIJ, G51'1 1 GSI., t;Sti, YUr Yf'tr YL) 

o o ,I' 1 N 
t 'C I) 

CALL. CIIL<I~ (AL[N, C, DELZ, U50r HR,t,l.l, NELU\ 1 WTOT. T!MPR 1 
VOL, GSI 1 FEIHHHO 

IF(FER~UH) 

CAL.L TuFFAL.IALEN, 050, GSI, Hlt.I.O, QTOT, SLO.,E 1 
GSil, GSM, GSL, Gsa, YU 1 1H, YI.J 

• FfRRU~ • .F-L~E. 
• .,,Filii 
o • • F I"' 

• • • F I'~ 
GSl • ~SI • H~J(l(NELtM + 11 

OElEM~lNE If OE~OSIT10Nr SCUU~, OH N[lTHER OCCURS, 

llJf 11 GSl • SHC 
IF (UH) 50o liJO, 150 

SAND 1i1Trn•< THE WATEH CDLU·~N EII:CHOS CAPACITY • DEf'OSlTlON OCCURS 

0EVU(1J • •DIF/ AREA(1J 
RATE • •OIFIVJL!IHE 
lLA~R(l) • •1 
1)0 (K•l,,IEL[M) 

SU(K 1 t) slUff 
~ULK • AbAR(K)•I)ELZ 
I~FHAC•U,~AUrliNlKl•DEl!ll/VULK 

E•FHAC•I,O•Jt.FR-C 
8fQjl4F~ACAilhlN(KJA{CCIN(Kr1l+CClM(KtlrllJI2 1 

t t~FH~~*Y!1UVT(KJ•COLO(K 1 1l 

Cf1\IT•J NFR.o\C••Jtll i(K) * ( CC 1 N (I(, 'I l tCC IN (1(+1, 'I)> 11. 1 

+ EXFRAC*UHUUT(Kl*COLU(K 14) 
HAJEK s HAll * ~ULK 

o SU(K 1a) • R.o\TfK/SED/VIlLK•CO~l 

• OtPIJ(a) • OtPOlU)tSO(K,a)/A~EA(l)fiVULK 

• 0 1 f I 'I 
R(iURr. 
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110 I I'll! 
tJ011>7 
(1(: 1 bl! 
oo I 1!9 
on 1 10 
0 I) 171 
0\1172 
011l1J 
0 fll7 1! 
Qu175 
oo 17b 
:)0 177 
00178 
Oll179 
()0)~1) 

oo I ill 
oo 1112 
0 ill ~3 
~~1':)11 

Oil lAS 
OtJitl!\ 
on 1 '17 
001 '11;1 
ou 1 (lq 

Hu!C!O 
001 q I 
o.11n 
on 1 q3 
OO)'H 
oot qs 
ou I qb 
0:11 'l 7 
0 o I 'Ill 
O(qqq 
00200 
O•!Cil 1 
00202 

' ' ' ' 1 'iO 

115 

'"' 

DETE~~~~f ••~UCii (lF ANYJ RED LAYE~8 A~E SCOURt.O 

THSVSP • Dlf t VELTO 
II.AlR(l) • 0 
IF (NI:I~O,E~,D) ~0 TO 200 
DU {K•t,NH[\J) 

I o 0 

~H • Nijf~ • k + 1 
TDENS • {1 0 0 • POH) I (A(t<S,Il/LlENS(lJ t H("'B,.i!l/DENS(i:) 

t 8(NI:I,ll/DEN8(3JJ 

0 

DEL • Blll\1 
IF (t<H,~~.NHEO) UEL • ~YSO 
TINHEO • TOfi•S • UEL t ~{NS,l) 
"HEro CWSilSP 0 (;F.. 0 lltHJEll) 

HS • H.'i t TlNI>EIJ 
LS • CS + TlNH(U t BCN~ 1 11) 

IRSUSP • TRSUSP • TJNH~O 

TINAEO • 0.0 
lLAVR(IJ • ILAYR(Il t I 

o lf(lLAVHCllo~'~oNA[D) GU TO 
o o 0 f IN 
HS~ 

+o«S • RS + TRSUSP 
~S • Ld t T~8USP * S(NS,Q) 
11NBED • TIN~EO • TRSUSP 

o ItO TO 175 
• o • 0 f 1 N 
• o oF 1 ·~ 
SCUU~{l) • ~S I OELTOI ARE~(! I 
SCUUI<(IO • C8 I OELTUI M~E.A(Il 

~NT{ll • Tl~bEO I VPCHOS 
Sfl (I J • ~S /OEL TO I IIOLU~f 

• SR(II) • CS I DELTU I IIOLI!Mf. 
o 0 • f lN 
fiETUR~I 

* VPCFHJS 

175 

{FLECS ~E~SIOII 22,46) 
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1)0001 
0UOV2 
00003 
ooooq 
UOOc\5 
00000 
00007 
00008 
00009 
1)0010 
00011 
00012 
000\l 
fl(IO I~ 
QOQI"i 
OQOib 
00017 
00UI9 
OOUI9 
OQ020 
00021 
01.)022 
OOOi!l 
00024 
oou2s 
OOOlb 
00027 
00021:1 
1}0029 
OUO)O 
00011 
0111)]2 
on on 
OOQ]<I 
011035 
uno ~Q 
OOQJ7 
0003fJ 
00())9 
00040 
l}(l(lllJ 

OQQtU 

000~3 

ooo <Ill 
000115 
OfltHb 
000 '17 
0011•18 
0U0<19 
()()!)<;() 
00051 
IHlllSi? 
OOOSi 

........................................ 

' ' ' ' ' ' ' ' c 
' ' ' ' ' ' ' ' ' ' ' 
c 
c 

' ' c 

SIJBROUTINE So\V[IT{Bt HOIV, BE'l, ELEVr Cr DEL.Zr NtlEOr 
1 NEUH, NXEQ, RESEL~, lfR!SSr XYIOrOLOC, 
2 AL.Et<, l.lH!~, l,lHOUT 1 CCJN, QV, AWIO, BWlO, VSfT rOENirDlL TO, DFZr 
J ~OR, TB£0) 

THIS ROUrlNE WRITES THE SII~IILATl(IN RESUUS TO THE RUUL.T l"ll.f 
(I.UN 5) THAT liAS BEElt Ofo'[114EO flY URATRA 

~ORMo\L PARAHETERSt 
a • ~fr) cotjt;fNTfUJIOtJS 
dDlV • STANOA~O H£0 LAYER THIC~"ES8 
BEll • BED THICIIN£88 
C • WATER CONCE~TRATJONS 
flfLZ • UANOARIJ ELEMENT THICIIHE88 
ELEV • SEGMtNT ELEVATION {D4TUH ELEVATION) 
NBEU • NUM~~R of ~EU LAYERS 
~ELEH • NV~BER 0, ELEMENTS 
NXfrJ CURRENT TIME STEP (1114) 
RESt:L"' • I'IATE~ SU~FACf ELfVATtON 
9THESS • SHEA~ STRESS 
XYSO • THlC~NESS OF THE TOP BED L.AY~R 

CALLED HYI SE~ATRA, 

WCI.UI.lf 'f.I.HSU,PR P 

lN'tEGEih4 ~Xfll 

OJ~f~SlON B{HAXL£V,MAXC0"1•1J 1 HAVG(MAXlfV) 1 8£L(HAXL!YJ 1 
I C{HXfi.!M 1 riAXCOrtlr C~A88P1XELEH), C¥cJLI1(HX~L(M), 
2 CTOTLtH~ELENJr ~ELEY(MXELEMJr DtH•ELfMrMAXCO~) 
3 , QH IN ( MXELE M) , lHil1liT ('U.fLEfot) , CCI~ ( HXEL£1<1, MUCON! , 
' YV(~XELEM) 1 A~lO(H~EL.EH) 1 R~IDCHXELfH) 1 VS!T(J), 
5 t>fflS ( 3 J , WC J H ( HliELE"', NUCON) , QCOU T ( MliELEH 1 M.Uc; ato) , 
6 CfLAV ( Mllf:L.£fot, Mo\XC(JN), ~VCEL( J'I~ELEMr tiA ltCtJN), 
7 fJLOC ( MAELEM, MAXCUN), llfZ (4 J, QVOIF (IUELfM,MUCOI'O, 
6 OT~f0(MAXCON),TBED(HAXC0N) 1 8AL.(Mo\XC0H),OIF(MAXCON) 1 
9 OCELAV(HAXCvN), TOTOIF(MAXCON) 

OATA EPSIII.OE•lOI 
Nf.L HP l•·'~ELEH,.I 
~~EUPI • NBED + 1 

J • NEL.E11 t 1 
~~ITEt5l N•EQ,J,NHEDrELEV 1 0ELZ 1 ~01VrXYSOr5TRE5S 
~EP~AT U~lll (J ,En, OJ 

C~ASS(J) • CCJ,4) t C(J,SJ t C(J,b) 
au~ • ttJ,tJ + tcJ,aJ + crJ,3> 
~'~He. I~ P!Uf1 .~T 0 OoO) CVULM(JJ • C/4ASS(JJ I SUf1 
lLSl C~OLH(JJ • 0,0 
CTUTL(JJ • C·fASS(JJ t C(J,7J 
SEL.ECI (Jl 
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011(1511 

ouoss 
UUO~b 

00057 
00051! 
00059 
000&0 
oo 061 
00 Ot-2 
OOOOJ 
OOUOII 
00065 
OOObb 
000&7 
UOOb~ 
000"19 
00 1)7 0 
00071 
00072 
1}00 1] 
00074 
fJU075 
Qfl07b 
noon 
00071! 
00079 
000/JO 
Of'lOAl 
UOOP2 
0 0063 
00•.164 
001JA5 
OOOtlb 
OL>~lt17 
00(1116 
OOOfi'J 
00090 
00091 
OOU9Z 
1)00'1] 
001194 
uo [IQ5 

0009& 
01)097 
00098 
00099 
uotoo 
U0101 
UU!IJ2 
00101 
uo Iilii 
00105 
011 I Ob 
00107 
1Hl 1 0 A 

uot09 

c 
c 
c 

c 

(r~[LEH+l) "~.LE~(NELEH+l) • HE9ELN 
• (UTHER~l8EJ ~EL~~(JJ • ~ELEV(J+I) • OELZ 
.,.Fl"~ 

• J • J • 1 
• , , F 1.,. 
lJll(K•I,I'IUCONJ 
• OOll•lrNELE.M+lJ 

~HEH (K ,LE, l ,OR, K ,EQ, JJ O(I,KJ•C(lrK) 
EL8[ 

0(1 1K)•Oo 
o IF (C(l,K•l) ,GT. t,OE•IO) OtlrK>•C<lrK)IC(lrK•3J 

• ••oj;'JN 
000 FlN 

•• ,FIN 
wRITEC5J 

I 
,.f1ITEt5J 

(WEL~V(JJ 1 (C(J 1 KJ,K•lr~AXCONJ,CH-88(J)rCVOLH(JJr 
tTOTL(JJ,J•NELEM+Irlr•l) 
t(O(J 1 K),K•4,&JrJ•NflfM+Irlr•ll 

••• SEU CO~CENT~ATIONS ••• 

ij[LEV • (N8E0•1J • 801~ + ~YSO + !LEV 
J • NLlED 
QfPEAl UNliL (J ,EU, 0) 

• 

BAV~(J) • H(J 1 ll*U(J,4) + P(J 0 2)118(J 1 5) 
8ELEt T (J) 
• (N8fDJ 8EL(N~EU) • SELEY 

(NdEO•l) 6EL!N~fD•lJ • HlLEV • XY80 
• (UTHE~hiSE) BEL(JJ • ~EL!J+1J • BDlV 
.,.FI~ 

J ·• J•l 
"',FIN 

+ B(Jrl)116(J,tt) 

WRITEISJ !Bf.LtJJ,(~(J,KJ,K•t,M4XCON•llr8AVGtJ)rJ•NB!Orlr•1) 
*H El,.fMF.Nt MAS8 AN() CONVECTEil !'lASS *** 

OlJ tJ•IrMAXCO•I) 
tJtEL.\V(JJ • O, 
Cf.LAVCNEL~Pl,Jl•U 
f)t IN ( -~'t.L~Pt r J)•O 
IJCUUt ( NELMP I, J l•O 

• outl •t,NELEM) 
VUL•AWJO(I)•DELZ*4L~N 

XS•AwiOtlhOEL.Z 
~PXSUWilJ( J) dLEI~ 

• 

OC~lAN • tllLOt(lrJJ + ULPC{J+lrJl)IZo 
CHE•N•(Ctl,JJ+Ctl+t,JJJ/2 0 

CEL 4 ~ ( I, J J • ~tJL~tCf1t.AN 
• UtJN(J 1 Jl•UHJN(Il•ICCJN(IrJ)+CCJNtl+l,JJ)I2,•DELTD 

we nul( I, J )arHWUT (I J •UEL TIH tCMEAN+(OLIJC {1, J) +DLDt; (lt t rJ l) IC o J li!o 
CELAV(NfLM~t,J)•tELAV(NELMPt,J)+tELAV{t,Jj 
QCtN!NEL.MPt,JJ•~ClNINELM~t,JJ+WCIN(I 1 JJ 
o.JCOUT (~lfLMP t, J) ••JCOliT ( Nf.LHPl, J) +GCUVT ( l r J l 
OtELAV(J) • 1.\Cft..-nJJ + IJC·~EAtu~Ot. 

• K'IJ 
lf(J .Glo J) ~'IJ•l 

o • W~E~ (~ .E~. Q) M9•0 0 

ELSt. wS•~!\ETtK) 

WH[N(l .E~, lJ wVt8TM•~V(1)*(C(IoJ)+OLDC(1,J))IZ, 

B. 77 



(FLECS VE~SJON 22.~b) 1510<.115q PAGE 00003 

Ott II 0 
0 II Ill 
OtJ Ill 
0 () 113 
011 II q 
on 115 
uu 116 
00 117 
no 11 e 
0 0 II Q 

00 120 
oo I C 1 
ou 122 
00123 
oo t Z4 
ou 125 
Oil 121:1 
Oo IV 
no 12~ 
00 I Z9 
00110 
00 Ill 
I)U 1J2 
OH H 
1)[!)3<.1 
Ofll \S 
1}0 130 

IHH37 
Oi.lll8 
OOtlQ 
OUJI.IO 
llO HI! 
IJ•I 1112 
un I <13 
uu t 114 

U0\<.15 
llfJI4b 
0011.17 
00146 
Oll!Qtl 
00150 
00151 
0111 SO! 
Oll 153 
Ou!Sil 
Otll5"i 
oo! Sb 
UUI'H 
00158 
00 15Q 
001011 
on 1" 1 
00 11>2 
001 bj 
OU)bll 

00 '"" 

c 

c 
c 
c 

ELS~ ~VCHTM•tYVtlJ•~S•b~IOII)•ALEN)*(CCI,J)+OLOt(J,J))/2 1 
~HEN (1 0 EQ 0 •JELEM) 
, W~CTnP•QV(~ELEM+I)*(C(NfLEM+I,J)+OLOt(NELEM+J 1 J)lll 1 
.,,FIN 
ELSf 

UVCTnP•(YVIl+tJ•~S•~"lll(l+l)*ALEN)*(C(l+l,JJ+OLDC(l+I•JJ)/Zo 
,,,Fit. 
~~CELCl,JJ•CUVCRTH•~VCTOPJ•DELTD 

IOVOlF (I, J h <JF Z 00 *l)fL TlhA ~ IO (I l •ALEN• 
1. , ICil+!,J)•C(I,J)+OLnt(I+I,JJ•OLUCCI,J))I(Z,•DELZ) 

, , ,Fl N 
•• , F I"~ 
~tlLIJME•U,O 
IJU ( J•l , Nf.L! M) ~01. UME• ~IJL !tHE+ .1.10 l D I J) •OELZ *At. EN 
'I III TE.ISJ VllLIIME 
M~ITEl5)((CELAV(J,Kl,~•t.~AXCO~J,J•NEL~Pt,l.•1) 

~~llf(SJ((QCl~(J,K),K•I,~AKCON),J•NELMPiti 1 •1J 
>IR ITE (5 l ( tLICOUT(J, 1\ I, K•l, MAXtON), J•NEL~PI, I ,•1) 
~RtTECSlCtQVCfL(J,~l,K•t,MAXCON),J•NELfMtl••ll 
~RITE(5JC(QVD1FIJ 1 ~),1\•t,~AXCO~),J•NELEH,1,•1) 

I)O (J•I,t1AXCQcJ) 
fUL(J) • WCIN(NF.L~IPI,JJ..,OCUUT(NfLHPlrJl+DCfLAHJl 

UJF(Jl • CELAV(NELHP!,JJ•B.I.l(J) 
• , , ~ IN 
TtUL•O, 
TOJF•O, 
110 (J•4,MAXCO'-l 

TBAL • HlAL t 

• TtHF • TOIF + 
•, ,FIN 

!IAL ( J) 
PIF(J) 

~~ll£(5) (~Al(JJ,J•I,MAXCO~J,TB.I.L 

~~llf(5l (OifCJl 1 J•l,NAXLONJ,TOIF 

IJO CJ•l,i1AXCO~•) 

OT~tU(J) • T~!IJ(Jl 

f!tEOCJJ • o, 
, o , F I'< 
~PXS•H~IU(I)*ALE~ 
IJ<I (Jc;l,H.i.XCO•<•l) 

DO IJ•I,e.JbEOJ 
itjHf~ (J .LT • 4) 

UNS{TY•(!,O•PO~)/(~(loiJIOENS(l)tR<lo2JIOENS(2JIB(l 1 3J/0E~9(j)J 
UEL•fJOlV 
lF(I,E~, ~1\fUJ OEL•XYSO 
VOL•I.ifL *VI' •S 
LELA~<I 1 J)eB[J,JJ•VOL*O~S1TV 

.,,FIN 
ELSe CEL.I.~((,Jl•ClLA~(I,J•JJ•ij(J,J) 

• ld[U(J) • TKFDtJ) + Cll~~(l,JJ 
••• FIN 

• • , F 1 '' 
hHlTElSJ (([£lA~(J 1 K) 1 Kat,MAXC01••1) 1 J~NNE!J 1 ! 1 •1) 
uu IJ•'<•"'•XtUr"•\l 
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O!llbb 
001!>7 
oo I 1>8 
0 II!/)') 

01Jl70 
Otll1\ 
00172 
Otl17J 
1)\) 17•1 
(1\1175 

15IOQISQ PAGE OOOOQ 

T&ED{HA~CD~J • TBEU(H~~,n~) + T~fOtJ) 
•• • F I ~l 
~~llE(SJ (l~En(J),Ja},M~XCOil) 

Ull {Jal,~AXCi.l'l•l) 

TOT0IF(J) • 1AEO(J) • UTBtU{JJ + Ulf(J) 
o o ,F I~ 
T!ll~l~(MAXCO~J • T"E~(N~XCON) • OTHEOtMAXCO~) + TOl~ 
,.RITUSJ (TfJT,.lF(J),J•loMAJ<.CONl 
1-lETURN 

''" 

B.79 



(FkECS VERSIO~ 22.~b) 15105122 PAGE 00001 

00001 
Ut1U02 
0000] 
011004 
00005 
OOOOb 
00007 
00006 
00009 
ooo I 0 
000 I I 
(10012 
uoou 
011014 
UOO I 5 
ooOib 
00017 
OOOIK 
OOOI'i 
00020 
onoz 1 
ooo.?Z 
00021 
ov02~ 
1)001!5 
no 026 
00027 
00028 
IJI)IJ29 
00030 
(lt'I(Jll 

()0032 
QrlOll 
QOO]II 
00035 
ooOlb 
00 I)J7 
OOI!]R 
1)110]9 

00040 
00 0111 
000112 
001)/JJ 
0001111 
() 0 0 lj'J 

000'16 
OOOIH 
00011~ 
00010<;1 
OllflSil 
00051 
011052 
01)053 

------------------------------·-···--·--

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 

SUSROUTIN~ SE.UOU(l)E.CAY, OENS, OFZ, DUM, OSHA, DSO, HHO, 
I ERO!JE, HI..OERR, NUHERR, SCitHR, IDH!K, V8ET, 
2 OSUR!t) 

THJS SUSAUUliNE 15 HESPUNSiiji..E fOR READIHG AHD PROCflltNG THE 
SEOIHE~l CHARAClERlSTICSo 

FORMAL PAHAMETERSI 
• OECAY PARA~ETtRS 
• SPECIFIC ~EIGHT 

IJECAY 
IJENB 
Ofl 
OUM 
081'!R 

• VERTIC~L utFFUSION COEFFICI(~T8 
• PA~TICLE DIAMETERS 
• CRrTICAL SllEAA ITREU O.LUf. "OM DEPOSITION 

"' ECHO 
• ~EOJ~N SED IEDJMENf UlAH!TE~ 
• LJ:'IE PRINH.R ECHO CONTROL VARIABLE (1..*1) 
• ERllOABJLITY ERODE 

HLOfRR 
NUMEHH 
SCSiiR 
SORttll: 

• HOLOING ARHAY 'OR ERROR NUM6!R8 'BYJE) 
• NUM8[R OF l"PUf ERRORS 
• CRITICAL SHEAR STRE8S VALUE FOR ICOUR 
• AD80RATION VALIJES 
OE80kPTlON VALUES (IS0R6 

'18E T • VERTICAL SETTLIN' VELOCJTJES 

CALLED 6Y18ERATRA 
CALLESI PUTt:RR 

HYTE HI.DERIHIOOJ 

LOGICAL*! ECHO 

DlllENSION OECAV(b),DENSillrOFZ(4) 1 0IAM(J) 1 0SHN()) 1!ROUEIJJ, 
1 &CSHH(J),SOR~K(9l,OSOR8('iJ,VSET(ll -

ooooPAMTICL; &ETlLINE VELOCITY (HtSECJ 

Cillo l•to •••• VlJETC1looooS.IoND S!:TTI.JNG VELOCITY 
11•2o, ••• VSETC2l., 0 .SllT SETTLING VELOCITY 
ll•lU 0000 VSE1Cll 000 ,CLAY SETTLING VELOCITY 

HtAO(Irll (VSETIIJ,I•Ir3) 
tF U.CHO) 

.,RllE(b,2) 
o ~RIJ£(6,12) (VSET(I),I•lol) 
oooFI"l 

CULo l•lo •••• OEN~(IJooooDfNSTTY UF SAN~ 
11•lU 0000 Uf.:tUL2) 0000 Df"'SITV UF SJI..T 
C1•1U 0000 i.lEr.S(l) 0000 1lfNSITY OF CLAY 

HEAO(Itll (Of 1jSitl,l•t,)) 
IF(E.CHUJ 
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00051.1 
1>0055 
Oil 050 
lllh157 
00058 
0005? 
OOObO 
0fJ001 
OliOI!I! 
OOObl 
000b4 
ouoos 
UOO&b 
00067 
001)08 
00 (lb9 
00070 
00071 
1.10072 
ooon 
00071.1 
fi007'5 
00070 
00071 
00078 
OOOH 
(11.10!10 
000!11 
000~2 

000113 
OiHlll4 
001)85 
OOIJ!Ib 
000~7 

OflOIHI 
UOOP,Q 
00 091) 
llOH'H 
001)42 
Ol'093 
OOI)QIJ 
OOOQS 
000~6 
000~7 

OOOQt\ 
OOOQQ 
00 1011 
0011) I 
00102 
00101 
01!104 
{}0105 
001 l)b 

1)011)7 
001011 
OOIOY 

' ' ' ' ' ' c 
c 

' c 
c 
c 
c 
c 
c 

' c 
' c 
c 
' ' 

' ' ' 

WHITE(6,3J 
o WRllt(&rlZ) (OE~S(l)rl•lrll 
,,,Filii 
IF(OE"'S(IJ 
IF (OE~~tS{Z) 
1F(OEN8(Jj 

,I.E, 0,0) 
,LE, o,o) 
oLEo 0,0) 

,, •• DIA~ETEK fMETlAS) 

tALL 
CALl. 
CAll. 

PliTERR ( 17, NUMEAR, HI.DfRR) 
PUT!RR(\8rNUM~HRrHL0EHAJ 
PUT ERN' ( 19 r NUMtHR r HL.PERR) 

COl., t~I0 0101 UlA~[I) 1 , 11 0lAMETEA OF SAND 
11•20 10 , 1 0lA~(Z),,,,OIAHETEA OF SILT 
il•lU,,,,OIAM()), 101 0lAHETfR OF CLAY 
ll~4U,,,,OSO,,,,,,,,HEOIAN 8~U S!OJMENT OlA~ET!M 

~EAO(ltll (DJAM(l)tl•lr3Jr0~0 
IF(fCHU) 

w~llfC&,IIJ 
~~IIEC~riZJ CDIAM(llri•1,3) 

0 W~Jff(brl3) 050 
• ooFlt.l 
JF(OJAM(lJ 
lFCOIAM(ZJ 
lF(DJAI'IIJJ 

oLE, OoOl 
,LE, o.oJ 
oLE, 0,0) 

CALL 
CALl. 
CALL 

PUTEHRCZO,NUMERR,HLO!RA) 
PUT£RRC21rNUMEHRtHLOfRAJ 
PU TERR ( Zii!, NUMtRA, HLOERR j 

01 .,C~JTlCAL S~EAR STRESS ~OA SCOUR (KGtH•*Z) 

COL, l•IO,,.,SCSHkCIJ,.,.tRITJCAL SHEAR STRESS ,OR SAND 
11•2~ 1110 SC8MR(Zi,.,,CRllJCAL SHEAR STR£S8 FOR liLT 
21•Jo.,,,SC8HH(3), 11 ,CRJTICA~ SHEAR STKESS FOR CLAV 

HEAD(Irl) (SCSHR(Il,J•l,}J 
IF CEtHUJ 

o'IRITE(b,S) 
, ~HITE(b,lll 18CSHR(JJ,T•Irll 
1 .. FIN 
IF(SC8tiR(1) ,LE. 0 1 0} CALL PUH.RR(Ztt,NU"'fRRrHLOfRH) 
IF(St5HR(2) ,L(. 0 0 0) CALL PUTfH~(27 1 NU~ERR,HLOERR} 
lf(St$HR(l) oLEo 0,0) CALL PUtfRR(Z6,NUMERA,HLUtRR) 

••••CRITICAL SHlAR STRESS FIIR OfPOSITION (IUUHUZJ 

t.OL, I•IU 001 ,0SHR(l).,.,CRITICAL SHEAR STPEU FOA SAND 
11•2l• 1 , 00 0StHi(2J,, •• CioiiTJCAL SHEAH STRESS FOR SILT 
21~lo,, 1 ,DSHMt3), 000 CHITICAL S~EAR 8Tk£8S FU~ CLA¥ 

HE4U(lrll (nSHR(IJ,I•lol) 
IF (f.C~Ol 

WIUlE(II>,&) 
WRitE(& 1 1Zl CVSH~(J)rl•lol> 

00 1FJN 
IF(USHM(Il .L~ 1 0 0 0) CALL PlJTERR(2Q,~lt~EkHoHL.OEKRJ 
H'({ISIH-!(2) ,L.l, 0,0) tALL. l'ltlfkFi(lO,N•t"'I;R<frHL.UEHo1J 
1f (flS•iH(JJ ,LE, 0 0 1) l t.A.LL ;>llrEt<f< CJI ,r~ttt<EkR 1 HLDE.~R) 
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oo t I o 
o o I 11 
oo 112 
oo Ill 
0011/.1 
~ () 11 s 
oo 11 & 
0 (\ 117 
oo II e 
0(! 11 q 
00120 
1)1.1121 
oo 122 
outn 
001ZII 
00125 
\) ll)2b 
00127 
0012/l 
()0!29 
001JO 
OQ Ill 
1)0 132 
OvlB 
00 1311 
0\•13'5 
0 I) 1311 
non1 
oo I JP. 
flll!H 
00 I q(l 

oo Ill I 
1){1 142 
00111] 
oo I 'Iii 
ov I us 
0011111 
1.10 IU 7 

01)1118 
lHJ1!19 

0 •JI '50 
00151 
oo I SZ 
Ol!l'iJ 
O•Jl 5'1 
I)U 155 
\J<ll'lb 

00157 
1)0 l 58 
oo I S9 
un16G 
OlllH 
0(> I b2 
t•O I t>J 
llOJI:oU 
110165 

' c 
c 
c 

c 
c 

' c 

' c 
c 
' 

' c 

' ' ' c 

' c 
' c 
c 
c 
c 
c 
c 

c 
c 

' ' ' ' ' ' c 
c 
c 
' c 

' 

1510512Z PAGE 0000] 

Cillo l•IU 000 .EHU•l[(ll 11 ,.EROOAK1LlTY Or SANO 
li•Zo, ••• E~Oil!::ll) 0010 Ef<Otl.t.8ILITY or SJLT 
Z1•]0,, 0 ,Ei!O~t(}) 111 ,EROO.t.6lll1Y 0, CLAY 

HE..t.ll(l,!l (I':JWLH~lllrlat,J) 
lF(ECHO) 

OJ~JlE{b,7) 
o ~Rlft(b,!Zl (fHilDEtllri•t,3) 
.,,FJ~ 

lf{£~00!::(1) 1 LE. O,O) tALL PUTEHR(Jl,NUMERR,HLDERR) 
JFCE~ODE(l) ,LEo 0 0 0) CALL PUTE~H(JJ 1 NUMERR 1 H~0!RR) 
lf(E~UDE(J) ,lEo O,ll) CALL PUTE~R(]4,NUMERR,HLOER~) 

,,.,VERTICAL OlfFUSION COEFFICI~NlS (Maa2tSEC) 

tOL, I•IU,, 1 ,0FZtl) 1011 COEFFJCJ!NT FUR SAND 
11•2U,,,,DFZt2l.,,.tnEFFICIENT ,U~ SILT 
21•30 0 , 0 .D~Z(ll,, 1 ,COEFFICI!NT fOR CLAY 
l1•40,,,,DFZ(4l 0 ,, 0 CnEFF1CllNT FUR OJSSOLV!D CONTAMTNANT 

PEAO(I,t) (~fl(I),l•J,4) 
Jf(f(;H[)) 

.ORITE(b,_,) 
~~11E{b,J2J (OFl(llrl•lrll 

, ~RI1[(b,14l DFZtll) 
• , ,FIN 

••••ADSOkBTlON VALUES (2 CAROB) 

CAHU *I 
COLo l•IO,, •• SOHH~(I) 0 , 1 ,~U VALUE ~JTH SANU (Maa]/KG) 

11•20.,,.ItDki:IK(l)o 001 1\D VALUE ~jlTH SILT t~il'a}/KG) 
2!•l0 0 ,,,8U~A~(3J,,,,~U VALUE ~ITH CLAY (~at]/KGJ 
11•40,,,,81lRH~(II) 01 ,,SUSI'ENOEO SAhD 11A88 TRANSFER fl.t.TE tl/S 
41•50 0 ,,.61'k8K(5J 1 ,,,SUSPENUEO SILT MA8S TRANSFER R.t.TE (1/S 
,l•b0 001 ,SLlkliK(bl,, 1,SUSPENLJi0 CLAY MASS TRANSFER RAH {1/S 
bt•70,,,.SO~HK(7l 1 ,,,dEO SAND HASS TRANSFEH R.t.TE (!/SEC) 
11•60,,,.SORdK!8loooo6EU SILT M.t.SS TRANS~ER RATE (l/BECl 

CARll liZ 
COLo 1•10 000 .SUiiHK(iil) 0 , 11 ~EU CLAY MASS TRANSF'Eil RAT! (1/SECJ 

,, •• lJESURPTION VALUES (2 CAIItlS) 

CAkO *1 
COLo l•lll 00 ,.O~:I~A(l J , •• ,I<U VALUE wlTtl !I ANV (Haa]/KG) 

II•Zu.,.,US<IIoi!:I(CJ .. ,.~n VALUE WITH SILT tM•a)/KG) 
21•]U,.,,ClSU~"(J) 0 ,,,KIJ V~LUE ~llH CLAY (M*a!/K~) 

u.~r, Ill 

ll·~o •••• uSU'I~(Q),.,,SuSPf•~O~~ SANO MA~S TR~NSFE~ R.t.JE (1/S 
~~·~O •• ,.OSu~a(Sl 0000 SUSP£~nED SlLT MASS l~ANSffR ~AtE (1/S 
'5oi•'>0 0 ,..ClS 1lrlf!lbl 1000 SIISf'E,-.aiJEO CL.t.V M.t.SS TIUNSFER HATE (1/S 
t>1.,70.,,,f!J 11k.)(7) 000 .tii:.O S~t.() !USS T>fA'ISFE~ MAlE (I/8ECJ 
71•Rn, ••• u~,,~~(d), ••• 8EU SILT MAij3 T~AoJSFEH RATE (1/SEC) 

C•ll. l .. tn,,,,IS•I~tl(9J, •• ,>H:Il CLA1 !lASS II(AqSfER kAlE (1/Sttl 

B.82 



QUll;>b 
\1011>7 
\IIllO':! 
on t c<J 
vn 1 70 
00 171 
00172 
00173 
00 174 
00175 
0{li11J 
0 0 177 
I)() !71\ 
1HI79 
OUlAO 
0 0 !Ill 
001~2 

OOHU 
00 II\(! 
001(15 

VOl lib 
Vllltl7 
0011~1\ 

uo lll'il 
outQu 
0111 q 1 
Uf\lQ,? 
001 <;lj 
0019'1 
Oil! QS 
ou I <if> 
00197 
'JrllQFI 
ootq<J 
0 fl2V•l 
(\ i) .'f• 1 
0020.? 
OUZDJ 
Of)j:!(''l 

0 lli'•J5 
U020t> 
002•17 
0112~!,1 

U ill 019 
Hi!.?IO 
1)0211 
0•121.! 
0021.' 
0021~ 

,)1)21 ':1 
fl021" 
0 1.1<! 17 
0 ll21 f\ 
0 1•21 q 
o0.!2n 
0()2? 1 

' 

' ' ' ' c 
c 
c 
c 
' c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

' 

c 
c 
c 

c 

'"t.Vl(l,1) (ll5HIHI(1),J•l,9) 
lf(ECHO) 

•OHTECb,'il) 
~RJif(t>,!2l (SUP~K(llrl•l,Jl 

~kiTE(b,t5l cso~s~tllrl•q,qJ 
"AITE(b,)b) 
~~1TE(e 1 t2l (08U~6tll 1 I•t,ll 
~RITE(b,l5l (0SUM~(J) 1 JaQ 1 9) 

, , , F IN 

,,,,DEC~Y ~ARAMETERS (2 CA~DS) 

CAftll "I 
CUL, l•IO,,,,DftAYil),,,,RlDIONUCLlDE DtCAY tJt8ECJ 

CldH' li! 

11•20,,,,0ECAYt2l,,,,TOTAL DEC~¥, SU~ UF ALL V!CAY E~C~PT 
FOR IHOIO~~UtLlDf OE.CU, I' WlVtNr HIE 
Rf1Uit1lNG PARAt1ETERS .-.RE NOT TO 8E 
$1IIIF'liED, PfSTlClUE ONLY tltSt:Cl 

l1•30,,,,Df~~Yt~l,,,,VULATllATION OEGRAOATION HATE, 
PESTICIDE ONLY (lfS!CJ 

31•~0, 0 ,,PH,,,,,,,,,,DEGHEf OF AClUllY OF •LKALl~JTY 
qt•51l,.,,~K~ 000100000 6ECilNO lliWf.~ ACID RATE CLIN8TANT 

FOH HYOROL Y$15 
'5l•b(l,,,,A,.,.U,,,,,,,,,SECONU UHDf-.R ltAl5E RAT! CONSTANT 

Flllol HYDHOLYSIS 
bl•70,,,,AKN,,,,,,,,,5(CO~U OlolDEH RATE CONSTANT OF NEUTHOL 

REACTION WITH ~ATER 
Tl•BO,,,,AKO~,.,,,,,,SFCUND llRUEQ HATE CONSTANT OF FREE 

HAOICAL OKYGEN ,OR OKIOAltON 

COL 1•10,,,,HP2,,,,,,,,,CONCENTH~TION OF FRE!: RADICAL OXYUt.N 
11•ZO .... AM.t>IU,., 00 .,Sf.:COi~D OHDEH RATE CONSTANT 

BIDDEUH~(l~TJOt.j 

lt•lO,,,,dJUMA~,,,,,,BlOH~SS PER UNIT VOLUt1E 

~Etll(l,t) OECAY(tJ 1 DECAY(~) 1 0ECAY(b) 1 PH,AKA 1 AK6rA~N,AKO~,ROi!, 
1 AKBIO,ijJUMAS 

11(1 (/03,5J Dt~AY(I) • 0,0 
.IHt~ (~ECAY(2) .~E, 0,0) 

lFCEC~ll) ~Mll[(6 0 IO) OFCAYCtl,DECAY(~J 
•• , F I·~ 
E.LSt' 

u• CU··1Pl.Jltl Ot.LAH3J .. CHEMICAL DFr.RADAflllN DUE TO l-l'fDkUL.Y8J6 
0[(.111(11) • Cl1fMICAL (lliO>!A,DAtlllN UIIE TO DXIDATIUN 
I.JECAY(5J • fll0Utt;WAIIATION **'~~ 

OECAY(J) a IU 0 0••(PI1•11,0)AA~H t IOoO**(•PH)•AKA + AKN 
DfCAY(~) K A~U~ A R02 
nECAY(S) s A~BIU * HIU~AS 
IFU:.Ct10) 

"~lfE(6,11) ~ELAY(Il 0 PH,AKA,A,.,.SrAKN,DECA1t]J,AKUX,ROZ,UE~AY(JIJ, 
1, ~KH111 1 ~!U~AS,n~CAY(5) 1 UECAY{b) 

• • , fIt~ 
• , 0 F 11~ 
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(flECS VEJ<:SJ(JN 22.~b) 

!lOCZ2 
OOUl 
OtJ.i!C4 
002i!S 
OOi!lb 
0<J2l7 
OVU8 
!IO.i!2i 
OtJ2)0 
002!1 
002]2 
oozn 
0023'1 
00235 
OOZH 
00237 
OOZ38 
002H 
001!'10 
002111 
002'12 
002'13 
0024'1 
00245 
00211(1 
0021J7 
00248 
0\12~q 

0(1250 
00251 
00252 
!l0i!5l 
0~25~ 

00255 
ooaso 
0Ul<i7 
ooz5e 
O(l25q 
U02hO 
ouznt 
0021.>2 
OOZI:tl 
002&11 
00205 
002&1:t 
002&7 
002&6 

' I 
• 3 
• 
' ' 1 

• • 10 

II 

" 
" .. .. 

" c 

FOHMAT(81"10,0) 
FORMAt(IHO,llXr'PARllCLE SETTLING VfLOCITf (H/Stt)l) 
FOR~AT(I~O,tl•,'DENSlfY (K;/M**3) 1) 
FOIH~Al (I HOt l]:t, 't>J ... ME TER ( '"HERSl') 
F~H~At(IH0 1 1]X, 1 CHITICAL ShEAR $TRESS fOR SCOUR (~G/H**Zl'l 
FOR~At(IHO,t]X, 1 CRJTICAL SHEAR 8TRESS fOR OEPOIITlO~ tKGI~•*2l'l 
FOR"' At 11110 1 13X, 1Eil0041HLITY {Kf;/MUZ/SEC) t) 
FORMAT(IH0,13X 1 'VEHTICAL DIFFUStON COEF'ICIENTI (M**l/lfCJI) 
FOR~AT(IH0 1 1JX,'AOSORPT10N KO ~·LUEI'l 
FOR~AT(tno,tJX 1 1 0ECAY PARAHETERS 1 / 

I 14X;IPE12.51 1 •• ,RAUIONUCLJOE O!CAY 11/IECJI/ 
2 14X,IPE12,5,', 1 .TOTAL O!CA1 (f~CEPT RAOlO~UCLOEl ~ CI/IECJ') 
FOHMAT(IHO,tl~r'DECAY PAAAMET£RI 1 / 

1 l~X,1PE12,5,'o 1 .~AOI0NUCLJOE OECAY (1/SECJ'I 
2 14X,IPt12,5,t,,,P~ • DEGREE Of ACIDITY OR ALK4LINITY !PHJ 1 / 

3 ~~~.tPEI2,5,•.,,6ECONU ORO!H •tlV RATE CONSTANT FOR HYORO~YIJSI 
~ I (A~AJ'I 

5 14X,1PE1l.S,•.,,SECUNO ORDER RASE HAT! CONSTANT FOR HYORCLtSll' 
b I (A~Sl'/ 

7 14X,IPE12.5 1 '•••SECO~O ORDER PATE CONSTANT OF NEUTRDL R!ACTION' 
8 I ~ITH WATER {AKN)I/ 
q 14X,IPE12,5, 1 o 1 ,CHEHlCAL nEGRAOAT!ON OU! TO HYOROLYII8'1 
t 14Xo1PEil,5 1 '••tSECOND ORDER RATE CONITANt OF FREE RADICAL' 
2 1 OXYU(~ (AK0:t) 1/ 
l I1X,IPEtl,S,• •• ,tONCENTRATION OF FREE RAOICA~ Oxy;(N CROlJ'I 
4 14X,1PEI2,5,'•••CHEMIC4L DEGRADATION DUE TO 0Xl04fiON'I . 
5 14X,1PE12,5,• ••• &ECOhD ORDER RATE CONSTANT ro~ 810DtGRAOATlON 1 

6 t (A~BID)'/ 
7 tqx,tPEIZ,5, 1 ., 0 ~IO~ASS PER UNIT YOLU~E (BIDHAI)I/ 
a 14X,IPE12,5 1 1,,.~IOUEGRAOAT1QNI/ 
q 14X,IPE12,5,'•••VULATJLIZ'TION 1 J 
FOH~AI(I~X,IPE12o5o'o 11 IAN01/ 

I l~X,IPEI2,5, 1 .,.SILT'I 
2 14X,IPEIZ,5, 1 .,,tLAY'l 
FDHHAl(14XrtPf12,5 1 1 10 ,~EDJAN BfU SEOIHENT DlA~!TfRI) 

FURMAf(14X,IPE12,~,t, 0 ,0ISSOLVfO CONTAMINA~TIJ 
FUR~AT(IH0,1)X, 1 MASS TRA~SF£R RATES (IISECJI/ 

1 14XdPEIZ,5r 1 oooSt1SPE"'£.1EO SANOI/ 
2 14X,tP£12.5,'oooSUSPf~DED SILT'! 
3 lijX,l~EI2.5 1 1 .,.sUSPENQEO CLAY'! 
II 1~X,lPEil,5 1 t.,,SANU ATT4CHEU ro THE HfUI/ 
5 ~~-,1PE12,5, 1 •• ,SlLT ATTACHED TO THE BEO'I 
6 14~,1Ptl2 0 5 1 '•••CLAY ATTACHED TO THE 6ED1) 

FURMAT(lH0 1 1JK, 1 0ESORP1JON KO VALU£81) 

(Nil 

····--·--····-·············--------····· 
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(fLErS Vf~SlON ZZ.~6) 

-------·------·-----·········-·········· 
00001 
OOOOi! 
00001 
1)01)04 
ooon~ c 
O~OOb C 
0001'17 c 
uoon& c 
ooon c 
00010 c 
000 ll c 
01)0 l2 c 
OOOlJ C 
00014 c 
onots c 
00016 c 
00011 c 
ouou c 
UOOl~ C 
uonzo c 
noozt c 
ooozz c 
noon c 
oonz11 c 
00025 c 
011026 c 
00027 c 
oooze c 
oooz~ c 
110030 c 
nnOJ l c 
OOOli! C 
0003) 
000)11 c 
000!5 
ooon 
00017 
OOOJ8 C 
OOilH C 
001>110 c 
0110111 
0!!0112 
0004) c 
00044 
OOOU'j 
0001111 c 
0004 7 c 
00048 c 
00011~ 

00050 c 
00051 c 
onosz c 
01105.1 

8UilftOVT1NE 
I 

8£0111[(A8A"' .t,L!N 1 CCINr OELlD1 J, J, NI.LEI'Ir 
QHl~, ~HOUT, QV, lOr •• , ALFA, BEtA, V!Llt 
!fELlr VIEt, UELZr 811110r Al'tiD,PEPTHr 
FIEfUr ltUUJ • 

' 
fHJI MOUTJNE CALCULATES COE'flCIENTI Of CDNV!CTIONr DI,FUIIOMr 
DECAY lNP SbURC£ lEMHI JN tHE IEOIMEHT tRANI~ORT CONV!CfiDN 
•ntFFUSlON EQUAtiON 

INPUt PUlMET!IUJt 
lftlR • AVERAGE AREl 
CCIN • COriCENtNAtJON Of INFLOW 
OELTO • tl~E ITEP IN DAYS 
UEPTH • DEPTH UF RIVER I£GH£Nt 
I • ELEHENt INDEX 
J • PARA~EtEA lNO!X 
NELE~ • NUMBER OF ELEMfNTI 
OHIN • IHFLO~ OIICHAR;£ 
W~OVT • DUTFLQ~ OIICHAR;£ 
WV • VERTICAL 011CH-RG£ 
SO • SE~I~ENT D!POIITION RATEr (~81"**)/0AYJ 
IR • IEDI~ENT EROSION MlTf, (KG/Mi•JIDAYJ 

OUT~UT PAHA~fTERII 
AI.FA • OfCAY t£RHr {IIOAY) 
BETA • SOURCE OR liNK TERM, (KQ/H*•JIOAYJ 
it£fA1 • INFLUENT IOUAC! TERH ,OR THE' I•TH NODir (K8/MUJ/DAYJ 

BETll • I~FLUENT SOURCE T£R11 FOR THE 1+1•tH N0Uf, (KQI~**IID 
YELl • nRIT CONV£CTIV£ TENM, (MIPU) . 
lf£LZ • IECO~D ~ONY!CTIV£ TERM, (MIOA1J 

CALLED HY tR••lSI'• 

INCLUDE 'ELMSIZ.PH~I 

Ol!o!ENIIOflll 
I 

A8AM(~kfLEMJr AP£&(HXELEMJ, CCIN(MXELEM,KAXCON), 
0HlN(11XfLEMJ, QHOUT(Hk(LE11), ijV(MI(L£~), IP(Mk!LEH,&), 
8R(6), Y6EHJJ, tS•IO(MXElfHJ, AitiDCMXEUH) • 

CONV[CTJYf TERM WitH CORRECtiON FnR A CONTI!o!UOUI IETTLIN& 'LUX 

&r~ • YVUJ 
YlLI•(l~•V8F.t(JJ•~~~DfJl•&L£N)/A~AR(J) 

AI~ • loiY(J+I) 
VlLZ•IlW•VSEtiJJ•M~IUll+IJ•&LE~J/AijlR(IJ 

0£CU TER11 

AL" • IHWUT(I) I (&tUR(JJ • OELU 

IUUMCE UH SINK f~R~ 

SET~•SR(JJ • ~0(1 1 J) 
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OOOSII 
oouss 
00051:1 
ooo•H 

15105159 PAG~ 00002 

rlETAI•QHJ~(IJ/(ARA~CIJ*OELZl*CCCJN(J,Jl/),tCCJN(I+I,JJ/6,) 
8EfA2•UHl~(Il/(A6Ari(I)*DELZl*(CCIN(J,J)/~,+CCIN(I+1,JJ/J,) 
RE TIJRN 

'"' 
CFLECS VERSION 22,4bl 

--------------·--·-···-------------·-··· 
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CFLECS ve~SJON 22.~bl 

oooot 
1)000.! 
000·13 
OOOI)q 
00fJ0., 
OOOOb 
00007 
OUOOI:J 
00009 
OOOJIJ 
OOilll 
00012 
t\0013 
0!1014 
00015 
OOOib 
00017 
l)ol018 
0001~ 
00020 
00021 
00 022 
00023 
()(11)211 
01'1025 
0002b 
00027 
000213 
00(129 
OuOlO 
000 31 
00012 
OOOH 
00 0 ]II 
00()]';) 
()00lb 
OUOH 
()I)()]~ 

0001'? 
000'10 
OOOtlJ 
1)()1)112 
000113 
QOOIHI 

00 005 
0004b 
000117 
OllOIIR 
ll!!Oll? 
ooosu 
00051 
Of'l052 
000'51 

C ll0br1lSE'IATN"tFL.K 
C**********************~*~********************************************** 
C VtfHSIONI DRIED CHANNEl. OPTJQ~>j 
C ~t~lTii 8e.L.ECTllll'. ,0~ Ii'IPLlClT SETTL.J~G Y!LOCIH SCHEME 
C UH 5UPE~PUSIT10N DF SETTLING V!L.OCltV ICHEMr 
c••••****************************************a*****a******************** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c , .. 

THIS COMPUTER P~U~HAH, SERATRAr IS AN UN8TEA0Yr TMO• 
DIHt.:tlSlONAL (LO~GJTUDitU.L,. A"'Ll VERTICAl.) MODEL TO UHULAT!: 
SEDIHE.NT•CO~HAMlNA~•l TIUNSPOIH I~ IH!tEHS o\NO Rl'IER•RUIII 
RESEHVOIRS, 

THE MUUEL HAS GENE~AL CON!tECTlON•DlFFUSlON EQUATIONS 
oilfll IJI:.CAY ANn SJ>.tK/SUURCE ffRI4S ~~jlfH APPHUPRio\tE HOUNOARY 
CUI.illiTlLI"i!l, 

SERAT~A LlTIL17£S T~E 'lNlTE E~E~ENT COHPUTATJON HETHOU WITH 
!HE ~ALfRKIN ~El,HTEO HESIUUo\L TECHI\Il~VE, 

THE FULLOifjiNG REP0~18 
:-1ANUAL A~\.1 ~OH( HUDE~ 

OESCRISE SEHATRA HOOEL ~O~~ULAT10Nr USER'~ 
RE&UL.l8t 

C 1 ONlSHI 1 1orP.A,JUHANSONrR,G 0 8o\CArANOf,L,HlLTY,1976o 
C "STUDIES llF COL.Ufolt!JA RIVER \ljAfEit QUALITY••Of'lf\,OPHf.NT 01' 
C HAT\iEMAliCAL MOU(L8 FOR 8[0I~ENT At.,O RAUlONLlCL.lDE TRANSPORT 
C l"'ALYSJS,• ~NWL•B•U52, HATTELLE, PACI,JC NORTH~E&T 
C LAfWR&T'JFIIES, RICHLAND, ltl.l, , .. 
C 2 O"~ISHI,Y, 1917, MFJUITE [L.£1-1ENT I'IUDELS FOR SEDIMENT AND CONUHlNo\Nl 
C T~ANSPURT IN SU~fAtE ~-TERS••TRANSPO~T Of SfOJMfNT AND R,\DJONUCLlVES 
C IN Tt1E CLI•iCH RIVER.• et•WL•2227. I:UTTELLEr PACIFIC f'IO~TH~EIT 
C LA611~UTURJE8r RJCt1LAI'<ll, WA, , .. 
C 1 ONISHI,Yo 1~77, "~ATHfMATlCAL SIMULATIO~ ijF SEDIMENT ANO HADIO• 
C I~UCLlPE THANSPDJ.<T lN TH~ COLUHIJU iHYER," 6Ni<IL.•2228o BAtTELLE, 
C PACIFIC NIJfollHWfST LA60RA10RIES, ltlCHLANO, WA 0 , .. 
C II O~JSHJ,Yor Dolo 6CHMEI6EP A~U ~.B. COOELL, 1979, •MATHEMATICAL 
C SlJotUUTIU~ UF SEDII''•t.NT ANO RAIJIONIJCLIL'E THANSPOHT J"< THE CLJN(;H 
C RIVE'!, TE"ll~fSSEF.," PRUCEEOJNr.S OF ACS/CSJ CH£MIC-'L CONiiR!S8r 
C ~~U~IOL~tL.Ur rtA¥1Allr APHIL l.,b, 1979. "Cut~hMl14ANTS AND BfiJli'IENTS"r 
C H.-. SAKEH CEDolr -~~ AH~OR SCIENCE PUHllSHERS, INC,, ANN ARBOHr ~1. , .. 
C 5 0~1SHI,Y,, 8 0 M0 8HO~N, A0 H0 Ol.SE~r ~.A. PAR~HURST, S,E, ~ISfr AND 
C ¥1 0 H0 <~ALTt:HS. l'Hqo "~ETHODOL.O~¥ FO~ OVEilLAND no JNSTRfAM lo\JG•UIIO"' 
C A>i[J lqSI\ ~SSESS~-'ENT OF I'ESTJCJI)fSt" IUHHLE, PACIFIC N11Hlt1~EST 
C L.AbU~-TU~IES, RJCrtLAN0 1 ~-. , .. 
C b O•l1Sit1 1 Y0 AND S.E. "ISE. 1979 0 ·~IATflliiHlCAL '100ELr SE.RATRA, FOH 
C SELliME~T A~D CO~lAIIJIIA~T THANSPUHT I~ HI~lhS AND ITS •PPLJC-TIJN TU 
[ Pf~TICIDE T~A~SPOHf JN FUU~ MILE~~~~ ~uLF CH~~KS I~ lU~A." ~All!LLE, 
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00054 
000, 
oooso 
00051 
ooosa 
00054 
0001)0 
OOOQI 
OOObi! 
oooe.:s 
00004 
OOOIJS 
ooou 
ooou 
UOOOtl 
00009 
Ot.I070 
00071 
00072 
ooon 
00074 
00075 
00070 
1,)0071 
00078 
00079 
oooeo 
001181 
000112 
ooon 
000tl4 
00085 
oooe• 
00087 
oooee 
OOU9 
OOOCIIO 
OllOCIII 
OOO'ill 
OOOIJJ 
00(1'1~ 
OOOQ'§ 
00096 
OOOQ1 
00048 
OtiO'i'i 
001 oo 
oo IO I 
0010i! 
oot 03 
00104 
OOIOS 
flOI!lo 
V01!)7 
0011)8 
OOIOCII 

c , .. 
c 1 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

' c 

c 

c 

c 

' ' 
' c 
c 

PlCI,lC NUMTH"EIT LltiU~ATOAI!S, RICHLAND, WAt 

DNIIHI,Ye AND I.E. ~liE. 1979, •USER'S ~ANUAL roR THE INifREA~ 
IEDI~EN1•CONTAMINAHT TRANSPORT "DDiLt lfRATNAe• BATTILL!t PACI,IC 
NOATihriUT I_ABOAUUAJEI, fUCHLAHO, 1111 1 

ClLLit IEDDAT, COLAPJ, DI~OAT, FCDDI1 HYDDAT, HYD,LD1 IC,L01 l~IDAT, 
AQIFLO, RPTEN~, IAVllT, IEUOAT, IT~TUP, TRANIP, TRIDAT, 
'"~FLO, UPIOAT, NTRDAT, PHOINP 

JNCLUOE ltlf'IIIZ,PAMI 

BYTE 'NlH((2t),~lSElSJ,,TYPE(J),OEVCJ),QUIC(JJ,UUJC(JJ, 
1 kLOENR(IOOJ,NO~CI) . 

LUGICAL•1 ECHO,AN,LYI,~£WTR8 1 ~!~tC 1 ,£RWOR 1 N(MQI 1 R1V!R 1 
1 fCHQ1 1 ECHOJ,!CH04,(CHOS 1 lCHO.,ECHU7r£CHQ8 1 l,~D•rtCHOlOr 
i! IAV!CH 

I"'l(,Ehl OUTHtlr,TRBOPT 

lNT!'E~•Q !TIHf,ENDHYO,!NOIC,ENOTR&rllHLlN,OUHlr 
I NIT£,1 1 NX£Q,NfRST,OUMt,"IP 1 S!CYRrJULIIC 

Ul~ENilON l~IO(MXELEM), CLllf(MX!L!•,MAXCON), CTRI(f'IX!LfH,MAXCON), 
1 ,TQAV'(~XEl!HJ,ELHVULCHKtLlf'llt 
~QAVG(Mk!LtH)rCTMl8(MlXCON),PC0£,(4),CN00((f'IX!LIM,~AXCON)r 
J !L(HK!L!H), XllR(A(MXfltHJ, 8-IO(MX!L!H), THAIICMlKCON), 
• lELMCHX£L£M),UMID(HKELEHl,U£L(HXELtH),A8AR(Mk!L£")r,WID(f'IX!L!HJ, 
5 PXIAR(HK!LEHJ, OL0C(HX!L€H,HAXC0N), CDUMMY(HXlLEH), 
6 TBf:Ot~UtON), JS[G(S), UVECH(IU) 

DATA IECOAY/81JQOO,I 
~Afl I!CY" 1]151.000/ 
U-TA ECH0/ 1 Flll~ 1 / 
OATA 'ERRDRI,f'ALIEol 
OATA lER0/1 1 0E•IO/ 
UAlA SlVECH/ 1 ,ALI£.,,fllS£,,,FALII.,.FlLIE,,,,ALIE,,,rALI£1 ,,FAL8! 

1., 1 FALI£,, 1 FALIE,,,,ALI£ 1 / 

111•1 
112•0 

C-Ll STRJUP(BA5E1 OEV, ECHO, ,NAHE, FTYP£ 1 GUIC 1 INf'LUr IITRT, 
I Nf'JotiT, OUTFLO, 11'4£H11 UUIC, llY!CH 1 JS£G 1 
l NSTEPS, "ISEG, J TPR I, ANAL '1'8, DEL Ttl, ANAL"T ,DEPMJN, ll"U:N, 
l PELEV) 

•u RtAO INPUT lllJA I"Ok SEGJ"!NHHii Sfliil-lE"'T au 
IW"'!"H • 0 

TIIU IS THE Rt:.SUNT OPTION• 
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00110 
Ollllt 
00112 
OOJ ll 
001111 
OOIIS 
00 116 
00111 
00118 
0011,. 
00120 
00121 
00122 
00121 
001211 
OOtlS 
01'112& 
OOlZ7 
OOil!S 
00129 
oouo 
00111 
OOI3C 
OOIH 
001311 
oous 
OOIJ6 
00117 
00 1)8 
OOIH 
001 110 
00141 
001112 
OV14l 
oo IIIII 
001115 
ov Ill& 
001117 
01'11 118 
00111' 
00150 
00151 
OOIS2 
OOI'll 
00154 
00155 
l.IO I Sb 
OOI'H 
I)QJS6 
00 I 59 
0016·0 
OUiftl 
OOibC 
0016] 
ll(llba 
00165 

c 

c 
c 
c 

c 
c 
c 

c 

c 

c 

wHEN(ISTHT,NE,IJDELTO•UELTH/IECDAV 

f.I.SE 
• CUI. JNJOATtANALHT, .lfiiAI.YSr OEI.TH, ECHO, HI.Or:RRr llPRT, 

1. N8fGr NITEP8 1 NUM£MR 1 SIHLENr O~PMINJ 
1 OEI.TU•UELTH/SECDAY 
• JFIECHO) 
I I CALL TJHEtNO~) 
• • wRJn:u,,JJ nut, NOw 
• • I ,FIN 
1 CALL OJMDAT(~LEN 1 AREA, BOJV, ij£0 1 Dl.lSAVr ECHO, ELEV 1 HLO!RRr 

I. 18THT, NAED, NEL!Hr NUMEifR, PELE'ir PORr RIVU, 
2. xvso, il.) 

CALL lfODATIDEUYr O!Nir Of'l:, DUMr DIHR, 050r ECHO, UDDEr 
11 HLOER~, NUH£RRr ICIHR, 80RBkr VIET, DAORB) 

• 
• 
• 
'· • 
l • 

• 
• 
• 

CALL PHOIHPilCHO,JUI.lANrKAYt,KAYZ 1 PCDE'J 
C~I.L 8EODATCB 1 ECHO, N8!0 1 AREA 1 80JV 1 DIN8rPOR 1 KYI0 1 T8!0J 

RE.t.D9 l_HJTIAL CONDITJO;.jl FOR lfOJI'IENT AND CUNUMJNANT 

C.t.L.L WTROATCCr !CHO, HELEM) 

P.EAOS UPSTRlAM 80UN04RY CO~OJTJONI FOR fJRIT I!GM!NT 

CALL UPSOioTC!:CHOr HI.OERRr NU1'1!RHt lll'fLfNr UWIDr U!L) 
CALL rHBOAT(£tH0r HI.OlRR, ~IL!Mr NTRIIIr NUHERRr 

IJHLENr TR!ILJPTJ 
CALL ~YODAT(AI.EHr AREA, Dl~TH, OILZr 0,0, ltHO, HLDlRR1 NIET&, 

HUMERR, llMLfNrD!PMlNr DLZIAV, (L) 

IF (NUfii!RR ,;r, 0) 
• C.t.L.L RPTERR(NUHERRr HL~ERR, FIRROR) 
• IF [FERRON) REPORT•FATAL•ERHOR•~HO•STOP 
,,.Flu· 

• 
.,,FIN 

IF UNALYSJ 
1 OPt::N[UNJT•I:Ir t~A"1E•'IY 1 TII11EHlts.oAT', TYPU'Nllll', 

J, FOMH•'UN,OHNATT£0 1 ) 

.,,FJ!t 
C••******************************** C 8£QM£NT LOOP * 
c•••••••••••••••••••••••••••••••••• 

DO (JSEU•liTRTrNS~G) 
, CALL 0UG(ECH02, £CHO:S, £C .. 04r ECHOS, fC!-IOOr lCH07r !ti-IU8 1 

1, ECii09r [CiiOlO, U£G, J8f.Go UYECH) 
3 FO~H.t.TIIti 1 1!JtiX 1 '8EGMENT "lll 0 ',I.\ 1 1X 1 11UJ 

' 

• li£8Eht)AU•TJHE•CONlttOLI 
CAYGHX•O,O 
JULSEC • JIJI,.UI'j * SECil.t.Y 

LJNL.£15 tl!IEG ,EWo I) 
I If tECHU) 
• • CALL l IMI':(•~(hl) 

• ~'~IUfE (G,JJ JS!G,NOifl 
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00166 
00107 
00 I 66 
00 I &9 
00170 
01) 111 
001 72 
iJIJI7l 
OOa711 
uot 7S 
0 () l1b 
00177 
00178 
00119 
001 RIJ 
001 ~ 1 
oo I B2 
0011\] 
00 1~4 
00 185 
oo 11!-0 
0018 7 
0{• I'P1 
001'!9 
00190 
00191 
no 192 
(!I'll '13 
001'111 
flO 1 q~ 
00196 
IIOI'H 
0411 '11j 
001 qq 
OOlOO 
00201 
0Ql1!2 
00211] 
f'IOllt4 
00.?0'5 
()0201:1 
00207 
002lltl 
00i0'1 
00210 
tl021 I 
0 r>i' 12 
002tl 
fl02 HI 
0021'i 
00211) 
00217 
•>021 ij 
00219 
(1(),2?.0 
011221 

' ' ' 

' 

' ' 

' ' ' 
' ' 
c 
c 
c 
c 
' 

' ' c 

• 
I • 

'· 
I • 

• 
• 

• 
I • 

• 
I • 

• 
• 

• 
I • 

• 
• 

I, 

• 

I • 

• 

• 
• 
• 
• 

• 

••• ,.1~ 
FEHRQA • .F.I,LSE. 
NUHfRR • 0 

1~106104 PA~E 00004 

C.i,LL Dlt1l).t.T(ALE'ir Artf:A, tiDlVr EIED 1 Ol.l8AV 1 ECHO, fLEVr fil.l)ERPir 
!SEI.ir N6ED 1 NEI.EM, NU11ERR 1 PELEVr PURr RlVERr 
)( YSOr Et.l 

CALL SFOIJATU>ECH, nENSr OFZr OJA.~, 08HR 1 050 1 fCHQ 1 ERUO!r 
HLDER~, NUHEHH 1 SCSHRr 80RBK1 VU:Tr 080R8} 

C.I,Ll. K[n[).I,T(rlo ECrm, ~dE0 1 A.RE.\ 1 8DIV.OENS 1 PORr11180 1 T!JEI)) 

REAUS 1>41 ri~L CU~lDITIO:~S FOR SEOli'IENT AND CONUMINUH 

CALL ~o~T~OA.HCr ECHO, NEt,[ H) 
CA.LL TRAOAT(ECHU 1 HI,OERH, ~ELE11r NTRIS8r ffUHf~R, 

81111.EN 1 TfldOPTJ 
CALL H'fllDAT(ALEN, AREA 1 Dfi.TH, Dfi.Zr uso, ECHO, HLDr:RRr N8E'f8o 

~UMEiffl, SIMI.EN 1 OfPMIN, OI.ZiAYr "EL) 

I~ ~NUM~R~ ,GTo 0) 
CALl. RPTERR(NU~[qR, Ht.DEHR, ~ER~URJ 

, lf (FEifRUk) HEPORT•F4TAt.•~lfR0R•AND•ITO~ 

0 0 , 0 FIN 
00 ,FJN 
HEIIELN•ELE Yt8[1) 

~~• HEAD THE HYOHOt.UGICAL DATA *** 
R[AD(~l OU~l,NELEM,DEt.Z,QJ,QO,YOl.,Yfl.tl~ID,AR!A,T!MPR,K8AREArlEI.~r 
UEPTH,d~J0 1 A~Aif 1 HRA.C 1 CROSEC 
Rfoll fllfl q 

IF CNEI.EM ,GT 0 0) 
Dr1 (K•1 1 MA.)(CUN) 

• 

• 

*** ~E~E~ VALUES OF 
~ALU£5 UF C *-* 

IF (~ ,1,[, l ,OR, K 

PROVIDES A CO~SISTENT JNITIA.L CONDITION FOW THE OELZ DEfiNED 
p, HYOLlA.l • 80TH NOUAL IIALUtS (CNOOhC)r ANI) fi,EMENT 
AvE~A~ES fCLAST•COLUl 

• • 
CALL COLLAP(ALEN,AHEA,C,OEI,l,EL 1 JEI.MrK,NELEM,CLASTrTHA8StA~lO, 

Y~t. T 1 Uf Zr Cr>OilDE, XSAHEA I 
, , • ,FIN 
,,,FI'f 

DIAGNOSTIC WI!ITES 

IF tEChiiSJ 
·~RilE(Q,)']IliJJ 
.OIIJTf(o, 1 1'l10) 
~RITE(b 1 1521JJ {i,AR~A(JJ 1 ELtl) 1 A~AR(J),AWIO(l),B~IU(l)r 

~5Akl~(l),THASS(I) 1 J•l,NELEM+Il 
lllfiJTUO,!SlOJ 
~HJll(~,l~21•) (J,(C(T,J),J•I•~AXCO~lol•I,MXELEM) 
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(FLECS VEHSIUN 22 0 4bl 

{\IJi!li! 
{)02ZJ 
()'12211 
nvns 
(l\12~6 

1)0227 
00226 
0112,!q 
002)() 
uo231 
002\2 
002 Jl 
002)4 
ll02]5 
OOc!lb 
0 02]1 
0 02311 
011219 
()(1240 

Orti!lil 
O'J2112 
0<12·lJ 
002114 
002'-15 
0 11211b 
002'17 
0•12'16 
llf121,1q 

u •l?.So 
1Hl25 t 
n~ 2':12 
002';;3 
OU2511 
00255 
oocsn 
00251 
0025R 
OOi!:S<.I 
002b0 
oo2o1 
002b2 
Oul~l 
C1Uii!04 
002h~ 
(102M 
002~7 
()()ii!~'J 
0021',q 

00270 
O•J271 
(10272 
onzn 
1hl274 
()0275 
{11J2 7b 
00277 

' ' • 

• 

• 
• 

• 

WIU1f.(h,J540J 
~~ITE(o 1 1S20l (I 1 (C~OUE(I,JJ,J•1tHAXCON),I•1,NELEM+1l 
~'RITf{O, 1550J 
~~JTE{b 1 1520J (l,(CI.iST(I,J),J•l,MAXCON),J•l•N[I.EMJ 
FUf!rHT(IOlHMElllATELY Ffli.LO\Oil"!Gl COLLAP, THE JNITJAL CONOJTION 1 ) 

fO/Hl-1. T (I OfLf'1fNT /lllflOE I 1 SX, I AJolfA I 1 1 Ok, I E.L I 1 li!JC 1 I A8AH I 1 .. 

11JC 1 'AI'l1D' 1 11 ( 1 I B,.,l01 1 IOJC, 1 XSARU I, lOX, I T"'U$1) 
~nRHAf(211,15olX,tP7E15,11J 
FOfi:MAT(IflN00AI. t;flNCfNlJoiAfiONS PRIOR TO COI.I.AP'I) 
F Of.ti'IA T ( I 0 ~00 <\I. CDNCE •'H ~AT lONS FOLL.Oiol j "ito COLLAP t ) 

I"ORMAT(IIlfl.f"'ENT .t.llf~A!OE CONCf"'TIUTltJN 1"01.1,0Wlfll10 COI.LA,. 1 ) 

•• ,I'J~-j 
DU (hl,rfEI.f/'1) 

IIQ P•l 1 1\U:CON) 
, Ctli.O(I,JJ•CLASTCI,JJ 

• , C(I,JJ•CNUD!(I,J) 
.,,FIN ... ~ ~~ 

DO tJ•I 1 MiXC01'4) CCNELE~ti,JJCChOIH!tNEI.fM+I,J) 
I)U (J•1 1MAXC0"1) COLDtNELEtHt,JJ•O~O 
lf C ~ELE•tt l,L T ,HXfLfMJ 

uQ (I•NELE~+2rMXEI.EMl 
Oil CJ•lrf'IAXCON) 
, COLilCI,JJ • o,o 

• • C(I,JJ • o.o 
• • • .~I:~ 

• .,,FIN 
• • • • ~·I"' .,.Fr .. 
CALL rcUOE(FNi~IEo !USE, ISEG, FTYPt, DEV, GUICo UUJCJ 
OPENCUNIT•5 1 NA~E•FNAME,TYPf•'~Ew 1 1 FORM• 1 UNFOHMATtfUIJ 
OPlN{U~lT•q 1 NAHE•'HSTRT,FIL' 1 TVPEc-NE~ 1 ,FORHc 1 UNFOH~ATTEU 1 ) 
'Ojf.tlTE(':S) lS~G 

u10 CO'<VERT I•4PUT VALUES Hl THUSF. Utd TS 
OQ (J•I,]I VSfT(JJ•VSET(J) * SECOAV 
00 CJ•l,4) DFZCJJ•OFZ(JJ 10 StCDAY 

USED BY MOilfL u10 

DO (1•1,6) OtCAY(IJ • DfCAV(lJ 10 SE,OiY 
DO (Iu,q) SORRI<(lJ • SORtt"(ll 10 SECDAY 
DO (Iu,q) DSIJH6£1J • D80IH1(1) * SE.CUAY • 

t•••·········································· C • TIME STEP LOOP • , ............................................ . 
c 

• 
' 

N~E.f.l • N~RST 
JF (N~tr.t,E·J.1) 

fo'TO~TI-i • Uf'f'lli 
f>TLIE!.Z • t>ELl 

• NEL"'Pl • llflf11 
• 0 • F I,.. 
ETIME • "<XEI.l • I 
~TIME • ETIME * nELTil 
UNTIL (~~E'' 0 GT 0 ~SflP~) 

lF (131 ."-CJo I) "~ITf(ll,'lJ lSf.I>,•I.W:EY 
FU•~~"il(' su;:ti::~T .11 1,Jl,• TI••E S1£P 1,1t0) 
ETI~E • ~TI0E + UELT" 
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00278 
OOZ79 
00260 
OOiUI 
00282 
0028] 
oo2ett 
00~85 
OOi!IU 
00267 
ooi'ee 
00269 
OOlCJU 
00l91 
OOi!CJi! 
00291 
00294 
00295 
00l98 
00297 
oozu 
00299 
00300 
00101 
OO]Ol 
OOJO] 
00]04 
OO}OS 
IIU]Oft 
0\1307 
OO]Otl 
00309 
00]1 0 
OO]lt 
00112 
00313 
00114 
UO]I'i 
OO]Ift 
00117 
00]11! 
11011~ 
OU320 
00121 
00122 
01112) 
00]211 
OllllS 
ooJZo 
00]27 
003i'lt 
003il9 
003)0 
oont 
Ob332 
OOlH 

c 

c 

• 
• 

I, 

•• ), 

•• • 
• 
• 

I • 

1100 

1110 • 
I. 

•• J, 

• 

• 
• 
• 

I. •• ), 

•• 
• 9999 • 

• 
• 
• 

tooo • 

1010 

IOii!O 

15DO 

• 
• 

I • 

•• l, 

•• 
• 
• 
• 

• 

• 
• 

I • 

'· 1S70 • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

15106104 PAQf 00006 

*** UP04T! Trl! FLO~ A~D CONCE~TMAJlOH ARRAYS ••• 
CALL HY•lFLO(.t.L!Nr Ut.A, AIIIJD, D!Llt I.IEP'TH, OSOt !LEY, 

ENPHYDr ETlHE, FlRROR, HHAO, "!LlMr NlWUlt P!LiYt 
QHINr ~HOUT, ~y, RJV(N, ILOP(, ITRIIIt t£NPA1 
Y!Lt YOL., D!PMINr lCUHI&, l~lDr AIAAt Ulr CRIJ8ltr 
QD,JlUU 

IF (FERqUR) R(PORT•1ATAL•ERROA•&ND•ITOP 
IF (NTN181 ,GT, OJ 
• CALL TNHFLD(CTRB, CTRJft, INOTRH, ITJM! 1 FIRRORr DlP'THr 
• NE!II;J, NEWJRH, iHINr TRID,Tt OIPMJN) 
• IF U:CHOJ) 

IJitUf[(., 1100) • 
• F~R~AT(tOAFTIR TRHFLOr HAll FLUX YALUll 0, CTNI') 

tt1RIJ((6,1tl0) 

N!Lf."r 

• FON~AfC'OfL!M!Nr ~0 1 1,2K 1 JCJX 1 1CONC 1 OF1 1 4XJ 1 J(IX 1 1 CO~to 1 

• 'ASIOC,'t2XJ,ZX,•Co~tAHINANtt/IJKt'IUIPlNOIO-SANU 1 i1xr 
• , 11UIP!NDID IJ~T'tiX, 1 1UIPEN0!0 CLA''' JlC,IWJTH lANDI, .K, 
• • '•UTH IILT 1, U, 1fiiiTH CLU•, .,I,•DUIDLVU CONIO,'J 
• , ~RITEC61 IOIO)(J,(CJR8(J,K),Kal 1 MAXCbNJ 1 Sal 1 NILEHJ 
• ,,,FtN 
1 If (FE~RDM) REPORT•fAT&l•lRRDR•ANO•IJOP 
.,,I"JN 
CALL lt'LDCCCIN, DEPTH, DELZt OSO, ENDICr ITI11f:t 'ERROR, INft,.Ot 
ISE8 1 N!LEM 1 NE~lC 1 aHI~,QI 1 DEPHIN,ALI~, 

. VEL1 V~lU, UARU, ARU 1 ANIDr ~Flr VIET 1 
!l,ELEV,PELEVtRIVlR,NE~QI,NEttiTR8, 

~~ 1 PUEPJH,CNOO!) 
JF ((CHOZJ lil"lfE Cb,.'999) 
FORMAT('****•****•* IN SEN~TN& ll"l LOQP ••••*****') 
IF(ECHOl) IIIRIT! (6,4) ISEG, IIIXEI.I 
11 CECHO]J 
• ~RITE (6,1000) 
• fOR~Af('O&FTER ICFlOr CCIN') 
• iRITE c•,tftiO) 

f0RHAT('0' 1 2Xt 1 NUOE N0 1 'r2X 1l(lX 1'C0Nt 1 OF1 14XJ 1J(IX•'C0NCt 1 

I ASSOC. 1 tZXJ 1 2Xt'CO~TAMINANTI/I-, 1 fN0pt 80JTOMI,Il1 
• 'IIISP(NO!O SA,OI,IX, 1 SUSPENOE0 IJLT'r1X 1 11UIPENO!O CLAYI 1 
• lX 1 '~JTH S&~o•,.X,'fllllH IILT'r11Xr 1fiiiTH CLAY't4XriOJIIOLYf.0 1 r 
• ' cu·tt'J 
• WRJT~CD,I020)(J,(Cr.J~CJ,~),K•ltM4lCC0NJrJ•ItNELEMtl) 

1 Jf (Ft~RU*1 ~[PORJ•FAJ•L•ERROR•A~O•IJOP 
... filii 

FORM4T(~X.JS,2Xr1Plft5.5J 
IF lECHV6l 
1 ~RITE(b 1 1~~0)PTOPlM,~El~PT,PTOELZtUEPTN 1 NELEM 1 0ELZ 
• '"~JTE(tt, 1510) 
• WMifEU, 1010) 
• WRJT!tb 1I020) (J,(C(J,~),~•I,HAXCOH) 1 J•ItN£LHPT+I) 
• t~~RllE(O,t580) 
• WRlT£(D,JII0) 
• WRJJE{b 1 l020J (J,(COLO(J,k),~•l,M&XCON) 1 J•t,N[LHPI) 
• f0ftMATl'Ol"1141WlATElY PRill" TU HOII'LLir 'Ot.LnlfUNG ICFL.0 1/ 
• IOPTOPTH •'tEIZ,q,• NEL~PJ •'rl5o' ~TO!LZ •',Eil,4/ 

I I)EPTH •',EI2,4, 1 JjfLI:.~ •'•"•' •IEL.Z •'tEI2.4) 
f0RHAf{I01<401>AL CLitiCE.1<4lRAT1llN5 PRlOif TO lti)SI"ltl') 
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00334 
00]]5 
00330 
00331 
00})8 
Of'I!H 
011340 
00341 
003112 
1'10l4J 
00344 
(10]45 
1'10]46 
OUJ411 
00348 
00]49 
00]'50 
00351 
00152 
UlllSl 
00354 
OOJSS 
OtllSt. 
OB3S7 
00]58 
00]5~ 

U0]60 
OO]IJI 
00162 
Of'llU 
00lfl4 
0036'5 
OOlbo 
00301 
OQ308 
oOJn 
llUJ10 
00]11 
00312 
0017] 
00374 
(10375 
011310 
00111 
00378 
Q'I]7'J 
on 1811 
uOl81 
\)0)8i! 
onJtU 
OUJii4 
00]115 
00]8tt 
00187 
00]118 
OOH~ 

c 
c 
c 
c 

c 
c 
c 

1580 • 

• 
• 
• 
• 
• 
'· • 
• 
• 
• 

• 
• 
• 
• 

15~0 
lttOO , 

• 
• 
• 
• 

• 
• 
• 
• 

• 
• 
• 

• 
• 
• 

• 

• 
• 

• 

• 

• 
• 

• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 

• 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 

• 

• 

• 
• 
• 
• 

• 
• 

• 
• 

1'5106104 PAGE 00007 

, FORHATC 'OELEM[NT U(MA&E CONtfrJTRATJtlNI PRJOR TO ltVI'LO') 
,,,fiN 
If tDEPTH ,GT, llEP~JN) 
• T • A8S(PTOPT~IUEPTH•I,J 
, If (111.11!111 ,GT, I ,AND, T ,OT, ZfRO) 
, , CALL RIISFLll ( ALEN 1 ARE A 1 AIIIIDr t, Ot:L.Z, DP'Z, NELEI1 1 Nf.LI'IPT 1 
, , PJOELZ 1 P~l0 1 Pk8ARrVSEfr.ICIAR£A) -
, , DOCJ•t,MAKCOH) 
, , OO(~•t,NfLEHJ 
, , , , CoLDCitJJ•tt(IrJl+CCI+IrJJ)/1 0 

, , ,,,FIN 
0 0 ,,,ffN 
, , I' CEC"06) 
, , , WRJT£{0,15,0) 
, , , ~RJT[(OriOIO) 
••• IIIRJT!(O,t020) (J,(C(J,K),K•ltMA.ICCON),J•I·HELEM+IJ 

, , 111HITEtOr160V) 
, , , 111AITEC6r1110) 
, , , IIIRll£(6,1020) CJr(COLO(JrK) 1 ~•l,~AXCONJ 1 J•IrNI!L!M) 

, f0RHATI 1 0~00AL.CD~Ct:NTHATJONS 'OLLO"JNG ROIFL0 1 ) 
, , , fD~~AT('O!L£Mf:NT •VERAG!.CONC£NTHAT10H8 ,OLLONJNG RDS,LO'J 

1 1 otflN 
' ,,,,JH 
, C(IHPU fE•tt!O•AND•IriA TfR•IU"F ACI!•I!LI!VA T I ONI 
.. ,FIN 

*** AVERAGf THE IN,LO~ CONCEHTNATIOHI JHTO TH! II!IMENT BY TAKI~i 
INTO ACCOU~T THE THIRUTARY INPUT 1 

I, I DEPTH ,I;;J, DEPMINJ 
lriH(N CNTAI8& ,GT, 0) • 

• 
• 
• 
• 
• 
• 
• 
• 

, I, INEtr~TRB ,OR 1 Nf;jJC 1 0R, NhiQl) 
, , 00 IK•l,MA.ICCON) 
, UO IJ•l,NELEHtl) 
, , • , COUMMY(J) • CCIN(J,K) 

, .. ,It<t 
, , • DO (J•t.NI!LEH) 

• CHASS•ICPUMHY(J)tCOU~MYtJ+IJJ/Z,*QHJN(J) 
• , • • tMASI•CCMASS+CTRBCJ,")*IECOAY)/UMI~(J) 

• 
• • • • 

• • 
~OT£1 CHAIS IS IN (KQ/~**lJ 

kHEN (J,fg,IJ • • 
• • • • • 

• • • 

• 

• 
• 

• 
• 

• • • • 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 

• 
• 

• 

• 

• 

, JttiU' CK,I!I.Io 7) 
CCI N (I, 10 •Ct1ASS 

, , CCIN(2 1 K)•CHAIS 
,,,FJN 

, ELSE 

• 

• 

• 

• 
• 
• 
• 

ICK•K 
IF(K,Gf,]) KK•KK•] 
COEf•O, 
~S•VSfT{KICJI4REA(1)/(A~IP(lJ1AL£N) 

EZ•Dfl(kiCJ 
CCI"' I 1, k J • ( 2, *CMASS•C(IfF •Of t.ll£ l) I ( 2 0•'f$11Jf LZ/t l) 
CCINCi!,KJai!,•C~ASS • CtJ~(I 1 KJ 

1 , 0 F l ~~ 
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(FLECS VE~SlU~ Z2.~b) 

00 }<;II/ 

00 l'll 
Ool'l2 
OOlH 
0019<1 
0 lll~5 
OOl<;lt! 
Q\13<;11 
003'll! 
00}9<;1 
ooqoo 
001~1) 1 
()()~Qil 

1,1()1103 
0040-J 
001105 
QOIJOb 
001101 
00110$ 
(}0409 
001110 
OOIItl 
00111~ 
0041l 
oorn 11 
noq 1 S 
00111& 
001111 
OOIIId 
00111 q 
Oll4ZO 
0 •14Z I 
Of!ll7.2 
00<12l 
00112t.l 
O•li!2'5 
Oll4?.1J 
0011.!7 
00 428 
0042'1 
OOtllO 
I)OIIll 
Ol1H2 
OVIHl 
OQt!Jii 
004l5 
001.136 
00417 
(10111!:1 
0011.59 
00<1<10 
001141 
"0442 
OOLI/il 
0011'4'~ 

00~115 

1310 

1320 

c 
' 

' 

• 

• 

• 

• 
'· '· '· '· 
• 

• 

• 
• 

• 

• 
• 

• 
• 

• 

• 

• 
• 

• 

• 

• 
• 

• 
• 

• 

• 

• 

• 

• 

• 
• 

• 
• 
• 
• 
• 
• 

• 

• 

• 

• 

• 

,,,FII'Tj 
I !:LSE 
1 0 CCIN(J+lrK)•2o*C~l8S • CCJH(J,M! 
1 1 11 1' I~ 
111 Fl~ 

1 ,,,FtN 
,,,FIN 

o IF U::CHOJ) 

• 

• 

1 ~RlTE(t!,llOO) 
FOif•~lH 'OAFTER TRUIUTARY INFlOW, CCIH ANO QHIN') 
WHI l[(ttr IHIJJ 

1 FORMAl( 1 0t.LE!-1E.NT/NOOE 1 rl0Xr 1 CONC, 0~'r4KlrHIXr 'CONC 1 
1 

• 
• 

' A550~ 1 1 1 ZXJrlX 1 1 CQNTAMlNANT' 1 1K 1 1 ,L0~'/1Xi'F~OM ijQTTU~t, 
l.X,•SUSI'ENOEO BANI) SUSP!:NOED SILT 108P[NO!O CLAY NlfH 1r 
1 SANO'rbXr 1 HlTH IILT'r&Xr 1 '111TH CLAY D1&8.LVED CONe;•, 
2l( 1 1 tnu)ISECI'l 

• WRlTEtOr1120)(J,(CCl~(JrK),KslrMAXC0N),UHIN{J)rJ•I,NE~EH+t) 
,,,flN - . 

1 FURHAT(l~ 1 I5r4k 1 1P8EI5 1 5) 
,,,FIN 
t:LSE 

DO CJ•1 1 MX!.LEM) 
, • 00 (K•lr~AXCONJ CTRB(J,KJ•O,O 

• .. FIN 
• QTH•o,o 
,,,FI~ 

*"'* Ofl£R11JN!: THE PROPfR PfiOTOLY!IlS CO!:HICit:tH TO BE ':'lEO *"* 
JULSEC • JULSEC + OELTI-1 
NIIP • 1'\0!l(JULSECrSECYRl 
C:ONOiflON~L 

p!SP ,GE, 1 ,ArlO, NSP ,L!, 7911UOO) IPC: • 1 
(NSI' ,r.E, 1q48801 1 AN0, NSP ,Lfo l$197600) I'C • 2 
(NSP ,GE, 158q7bOO ,ANUo NSP ,L!, 21160000) (PC • 1 

, (USP ,GE, Cl7b0001 ,AND, N8P ,L£o U:CYRI IPC • Q 

(O!SP 0 [!), 0) [PC • II 
, ,,,Fl~ 

,,,F(N 
loii1Erl (OEPW ,U:, DEPtHiO 

l.IO tL•l r '1_.,)(CON) 
• UO (1•1 1 HXtLEMJ 
o C(I,LJ•O, 

, COLllCirLI•O, 
, ,,,FIN 
• 10 FIN 

, lF (OEClll1) ,fiT. D,O) 
• C~LL ~E!lOK(~, UECAYrOELTOoN~EOl 
o .,,FIN 
• • •, I,. 
EL'JE 
1 ~E~~VH • ,fALSF., 
• 

• 

PC()EI'f•PC 1Jt_F ( I PC I 
lF (ECHII'>l 

~~orllTE(t!,1HOl 

~RITECI:t,1110l 
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(FLECS V~RSIO~ 22 0 0~) 15106104 P~G~ 00009 

01)1.14& 
00 •1117 
1)1)~(16 

001.1~9 

1.)01.150 
001.151 
001.152 
00 115J 
001.151! 
001.155 
001.150 
ll01157 
004511 
[)0~'59 

UOI.It>O 
OOI.Ibl 
0(11.162 
01)1.1&3 
1)01.1,0,<1 
OOI.I&S 
0041>& 
00 llb 7 
0041>6 
OOI.Ib9 
{11)4 70 
00<171 
1)1)472 
1}1)41] 
001.174 
001.175 
00ti7b 
00477 
00471:1 
l)()lj7fl 

00480 
1)0<1/il 
(11)(182 
004~l 

U041!1l 
OO~t\5 

Oullf\6 
004117 
001188 
00111!9 
00<190 
()0491 
ooa92 
00£19 J 
004'111 
00495 
001196 
001197 
0()1190 
00499 
00500 
00501 

• 
I • 

1700 0 

171 0 0 

I • 
17ZO o 

• 
• 

• 

~MITE(~,t720) (l 1 ~HE4(IJrA8~H(JJrAWIDCJlr~"l0(1JrQV(l)r~~~~liJ, 
Q~UUTCllrl•t,~ELEM•ll 

FUHt~.lf(IQGl011El~Y AND DISCH~RIOE lNFU f'RJOK TO TII'Af'fSI'I) 
FPk~AT{ 1 0ELEMENT/rjQDE 1 1 6Xr 1 4REA 1 r9Xr1A~AR 1 r11Xr 1 4~1~',11Xri&~JOI-

12JI.r 1()1{ 1, 12Xr I rJHI~ 1 ,IIXr lr.Jti0UT 1) 
0 o Ffii?•14T{2llol5 1 3Xr1P1E15 0 11) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
1111 
2222 

c 
c 
c 
c 
c 
c 
c 
c 
c 
1112 

2(100 
c 

c 
c 

c 
c 
c 

r 

c 
c 

c 

c 

• • • oF r ,, 
0 0 0 WRJTEC~rlll1JN8EDrNELE~rSMETHr~EHHORrECH04,ECH~7,ECH08rECH09r 

1 PCUEFF ,J}F..I"Tt-j, CRU~tc, ALEN, BD l V, E'ED, L)EPM!Nr DEL THrDEL.Zr 
Z o~o,~RAU,~AY1 1 KA1i,PURrS~OPE,STRtSS,TE~PRrVD~rKYSO 

o o o ~RJTE(b,?.222J 
3 ((0LOC(~r~lrCC~,·•J,CCIN(MrNJrCOL.0(~rN)rN~1,7J, 
Q (R(M 1 NJ 1 N•I•~),B~lV(M) 1 4WJO(M) 1 AHAR(M)rA~EA{M)r9HIN(M), 
'5 lii'H1UT ( M), QV (!I), 'i:al, 1 ()) 1 (DECAY (H), M•l, 6) r (80Af:ll( (M), 
" LISfJR~ (11 l, "1•1, 'I), (I•Fl(l'l) 1 "'•l, 4}, (Df~SCMJ, DUM OU 1 DSHH( M) r 
7 EROOfC~JrvStf(·1),SCSHH(M)rM•trlJ 

• 
FO~MAT(511SEFDAE TRA~SP'ZIJ 1 AZr5L.2/411(10fi0\J/J} 
fORM~l(40(IOEI0 0 ]/)) 
CALL T~A~SP(,[RAOR,PCOEF~,HWIDrAWJ0,48ARtD[PTH,OLOC·ECI-jU4t 

lo • C~OSECrECN07, ECHO&, ECH09) 
0 o o WAJTf{"r1112l~~EnrNELE~rSMETNrFEAHOA,ECHU4,ECH07,ECH08rECH09r 

1 PCOEPFrOEPTH,~~O~EC,ALEN,BOIVrBEOrOEPMlN,O!LTH,OELZr 
2 DS0 1 H~AU 1 KAY1r~AYirPOA 1 SLOPE 1 STAtSS,TEHPA,VOL 1 XYSO 

, o o "RI1Eibr2222l 
l ((0LOC(H,N)rCC~rN),CClN(HrNJrCOLD{M,~),N•I•7), 
4 (f:I{M 1 N) 1 N•Irb) 1 B~JO(H) 1 A~l~{M),A8AM(M) 1 AqEA(~),QHJH(H)r 
5 U~OUT(M),QV{~},M•Ir10),(0ECAY(~),~•Ir6),($0RKK(H)r 
b OSORII (MJ r 11•1 1 9) 1 ( IIFZ ( 1'4) r M•t 1 4) 1 (l)fNS( 11) t DJAH(fll) r 08HIHHJ r 
7 E~DDEI~)rVSfT(M),SCSHP(M)rM•trl) 

• 

I ' 

'· • 
I ' 

'· 

0 • FOQMAT<SXIAFTEA TR-~SP 1 lllrA~r5L.Z/40(10£I0,3/)) 
• IF { El:tlfJ5) "~ Ilf. I b, iOOO) ( ( C (J ,J) 1 J•l, I'IAKCON) r 1•1, NflfHH J 

FORI'IAl(IOAFTER T~ANSP 1 /5U(1XrtP7[1,,,/J) 

• 

• 

• 

•• ·" Jl! 

••• SAVE THE RESULTS OF THIS TIME STEP, 11 "lLL 8fCUME I~PUT TO 
THE ~EXT Sf.GHE~T ••• 

~R ITf (OIJTFLO) DEPTH, Dfll r N[L[M 1 (ijHOUT{I<) 1 K61REA (ICJ, •"Hl (10 t 
k•lrNELf.MJ,([C(~,klrK•l,M4XCUNlrL•1r~ELEM•tJ, 
((ULOCfL,KJr~•t,~A~CDN),~•lrNELEH•1) 

~RITE(~) nEP1Hri•ELZ 1 NELEMr(UiiOUT(~),XS~HfA(K)rAWJD(KJr 
K•lrNELE~J,((C(lrKJ,K•IrMAXCO~Jrl•lrNE~E~•I)• 
((DLPC(L,K)r~•lr~AI<CONlrl•lrNELEM•tJ 

JF ("tJl()(NX[Il,JTPHT) 0 EGl. 0) 

• • 
I • 

rtu SHE rHE RESliLTS FfH~ Plf}l'lflNG ANO OTHtR I'UiH t'kUCE.SSJ~G *"• 
C4~l SAVfiT(A, bOIV, AEO, EL~~. Cr UELZr N8fUr NELFM. 

NXEW, ~ESELN, STI<ESSo XYS01 O~OCr 
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00502 
0050J 
00504 
00505 c 
00506> 
00507 
00501 
00509 
00510 
005, 1 
00512 
00513 c 
005U t 
00515 
005U• 
00511 
00518 
00519 2 
00520 
005i!t 
005i!i! 
0051..5 
005i4 c 
005Z5 
oo5ze. 
0052!1: c 
005ltl! 
00524 
oosJO 
00531 
OQ'JJ2 
00533 
00534 
005.15 
oosn 
00537 
uosle 
005)9 
005110 c 

•• '· 
• 
• 
• 

• ALE~tQHINrGHOU1rCCINrQV,A~IUr8~lDrYilTrDl~lrO!I.TDrDFZr 
POitrlltEO) 

• 
• • 
• 
• 
• 
• 

• NEI,.MPT•~EL£11 
PTOPTH•DEPlt1 
PTOfi,.ZIDELl 
00 tJ•&,N£l!:11) 

• 
• 
• 

• 
• 
• 
• 

, PKIAR(lJIXIAM(A(l) 
, PWIO(IJ•A~JU(IJ 

• • • ,FIN 
• • 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

•~• tHICK IE~IE I-ITCH 12 TO lEE If THE RUN II YO II ITUPPEO ••* 
IF US2,U,lJ 
• tLOIE•THE•OPEN•fli,.EI 

• 
• 

•• •• 

, bPEN(UNIT•IrNA~E•'TTI 1 J 
, MRITEClrZJ NXlQrll£1 
, FQA1tAl(//21Xr1•**'* IE~ATMA 1111111 
, SXr'l!RHINATEO ~y OPERATER AFtER TIHI PLANE 1 1 ,110/ 
, sx,•lN SEGHtNT ••,15) 

• 
• 
• 
• 
• 
• 

• ITOP 
.. ,,IN 

• , NX(tol 1 Nltflil t 
,,,FIN 

• P'ELEV • ELE'I 
, trrtFMIT • I 
• LUtHMPIJN'LO 
, IN'LO•OUTF~O 
, OUlFI..O•LUNPtP 
, R(IIIJNO INfLO 

REWINO OUTi'LO 
, CLOIE(UNITISJ 
• CL08£[UNIT••> 
, .. I'IN 
C~OSE•TH!•OPE~•FILE! 
I TOP 

END OF TlHE ITIP LOOP 
I 

··································•····· 
005111 
005112 
005~1 
005b4 

0054'5 
OOSIIt. 
005111 
005<~8 
00511'J 
OOS'in 
noss1 

TO COI'IPliTE•BEI'I• ANll•~'~A ltH•SUNI' ACE•ELE VAT IONS 
, ~ELEV • E~EV + 8EO 
• RESELN • DEPTH + 6E~!V 
• • ,I' IN 

-··-·-································-· 
TO CLOSE·T~E•OP!N•I'ILES 

CI,.USE(UNIT•Il 
CLUSF.tUtHT•2J 
CLOSE(UNIT•3) 
CLO!E[UNlh4} 
CL08E(UN1l•'5) 
CLUSE(UNIT•9J 

• 
• 

• 

• 
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00552 
OOS5J 
0055'1 
1)0555 

00556 
005'57 
ooso;s 
00559 
00"0 
00501 
00'562 
005U 
00'564 

00565 
005U 
005b7 
00568 
onsn 

00570 
00571 
00572 
0057] 
00574 
0057S 
00576 
1)0571 
i)O'HS 
00579 
0051t0 
lloSfll 
(10582 
oOI§U 
0051!111 
005115 
005/UI 
005R7 
00581 
00589 
0!1590 
00591 
\1059Z 
00591 
005't0 
0059'5 
00Sft6 
00597 
00598 

o CLOIE(UH1h6J 
• ClOIE(IJNit•7J 
• CLOIE"(O~UhiJ 
• • ,FIN 

····-··································· ,. AEPORT•FATAL•!~ROR•A~D•STUP 
• CLOIE•TH!•OP!N•FlLES 
• OPEN tU~JT•lrNAM£•'TTI 1 ) 

• lfiUl!CirU 
I • FOR~Al(lllOKr'**** IER~TRA •• 'ATAL ERROR *****'I 

I, I P~I~T •S(D,LSt' FOR UETAILI') 
c • *** THE IF ITATEMENT B!LOW II A CONCESSION TO THE CO"IIIl!R •u 

• !F(,ERROR) STOP 
•• ,,IN 

····-······················-····-·····--
TO R(S~T•OATA•TJM!•CONTROll 
• ENOJC • 0 
, (NIIH'(I,) • 0 
, !NI>TRIJ • 0 

···''~ 
-------································· 
c 
c 
c 
c 

t 
t 

t 
c 

t 
c 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

I, 

• 
• 

• 
• 
• 

•-• CO"PUTE THE VOLUME 0~ EACH ILE~ENT ANO THI TOTAL VOLUMI 
OF TH! MATEN COLUH~ *** 

AVUL•O• 
DO U•l,H£1.£1'1) 
• ElMVOL(lJ • OELZ*ABAR(JJ 
• AV0Ld'NL+£l"'VOL(I) 
••• Fr~ 

*** AiER.\Iit: lliSSOlVEO (KQ1fr4u]) *** 
AVGOU • 0,0 
0~(1•1rNEl£HIAV,Oli•AV&DIS+(C(lr7J+C(Itlr7JJ•ELMVOL(I)Iie 
AVGUU • AVGIJU I AVUL 
J, (~VQOU 0 GTo ~HALMTJ 

• 
• 
• 
• 
• 

• 
• 

• 

• 

*** AVERAGE SEOIH!~T (KGIM••lJ *** 
AVGI[ll • 0 0 0 
OO(ht,•f£lE11J 
• AVGSED•AVGSED+(t(lrll+C(I+triJ+Ctlr~J+C(I+trl)+ 

CCJ,]I+CCI+lrl)JI2e 
••• ~I~ 
4V&SEO • AV~8EO I AVOl 

**** AVE~'G£ (PARfJCUl~T£ (~C/~~J•3~VJI'IE~T(KQIH*•lJ) 
PAih'CH a fl 0 !1 
00 (Jat,tfEI.E~IJ 
• ,ARPC~ • ~.+.R~C~ +fL"VOL(I)•(C(J,4)+CCir5J+C(lr~J 
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01)5~9 

00600 
00601 
(}1)602 
Oo6nl 
006(}11 
00005 
U0606 
00007 
00608 
00609 
00610 
00&11 
ooo 12 
00&13 
Oflblll 
00015 
00610 

' ' 
' 
' 

' 

1 • • 
• 

• 

• 

• 
• • 
• 

• +C(ltl,lll+C{I+I,5)+C(l+l,6)Jil, 
0 , 0 f'IN 
PAHPC~ a PA~PCH I AVOL 

••• AVE~AGE ~AHTICULATE (PCI~QJ ••• 
PAR~C~ a PAR~CM I AVGSEU 

TOT~G a ( PARPCM + AVGDl8 )•AVOL 

CAVG~X a Hl~(CAVGM~, AVGUlS) 
THUiol a 0.0 
DO {lsl,NELE~) TFLO~ • TFLO~ + PTQAVG(lJ 
!FLU~ • TfLO~ I IECDAV 

0 ~RJTE(8J lSEG,~•t~,TFLO~,AV~SfO,AVGDISrPARPCM,PlR~C~,TOTKG 

• , , F I Ill 
• , 1 FIN 

'" 
.......................................... 

P~OCEDU~E CROSS•REFERENCE TA~LE 

00565 RESET•OATA•fiME•CONTROLS 
UV158 

00570 SAV!•lHE•RESULT8•'0R•TlMf•SEHltS•ANALY8II 
1)1)1190 

005q5 CLOSE•IME•OPE~•flLES 
00516 005]8 00557 

0 O'llll C OMPV T E•SE O•ANU•ttl ~ Tfk .. SURF J,CE•ELE 'I AT I UNS 
00157 00!181 

005~6 REPO~T•FAllL•ERRUk•AND•SlOP 

001112 00186 002'5 00299 00119 00479 

(fLECS VE~SION l2 0 ~b) 

··~·-------·····················---~--·-
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01)001 
0()0fJ.! 
O<JOOl 
00004 
00005 
I)OI}tJ& 

0•1007 
0000!1 
OIJ(I(Iq 

001) I o 
00011 
00012 
00013 
00 014 
001115 
ooou 
110017 
0001!'1 
O'lVIq 

00020 
000~1 

OOOll 
00023 
0(1(12<1 
0002; 
()Oui'"' 
00027 
00 (12~ 
ouozq 
000 JO 
1)(!1))1 
OOOH 
OUOH 
(JOOJ<i 
0flOJ5 
OOO)b 
ouo:n 
OOO]tl 
OOOH 
000110 
ooo,.l 
0 1)0 112 
00043 
00044 
00045 
OOO'H1 
01J0(17 
0110~1:1 

OQoaq 
0 JOSO 
0•1051 
OOO!i2 
OOOSJ 

15107107 PAGE 00001 

··•···•·······•·•·••··•···•·•••······••· 

c 
c 
c 
c 
c 

c 

c 
c 

c 

... 
1000 

1100 

1200 

.'JUOROllfi~E SfTUP(Ilr tlDr P, 8, R, ~E.L., NEt..E11rECH04rJjJpJH) 

T11l~ SUHRDUTlNE srr~ IJP TtiE FINITE ELEMENT I'IATIUCE8 

LUGJCAL.*l ECHilll 
RE.AL*!I SELrPrHrB 
INCLUUf 'SVIft..H51Z,PRM' 

DIHEN!JIO'< OOOOlr PCHKELE1'4rl)r PfL(2rilo R(f'4XEI.Ef'l)r Sfi'IKEt..E1'1rllr 
t SELC2r2l 

P£Utdl • 1,13. 
~·u.o,ZJ • 1.16. 
PEI.C2.1l • lolbo 
PELC2ri!l • 1,/J, 
5ELllrll• DD(I} t DP(l) t 0~(7)/J, 

5E.LC1rl>• •DD!ll t 00(4) + U0(7)16 0 

5ELC2rll• •OUCIJ • 00(5) + 00(7)1&, 
S£LCirll• Qn(t) t D~(b) t 00(7J/l, 
IF(ll,E~,JJ SEI.tlrll•Sfl(lri)+¥EL 
lFCli.£Q,~[Lf~) S£Lilo2l•SELC2r2l+VEL 

01) (l•l,i!l 
o DO CJ•lr2l 

PELClrJ) • PELCI,Jl * ~I~T~ 
• SEL(J,Jl • &fLtt,JJ * ~!Dfrl 

• , •• FIN 
• • • FIN 
l.l!l (1•8,10,1) 00(1) • 00(1) • liiiOTH 
Cl02•DO(t!li2,P 
vu tJ•t •• u 

• 

NR•ll+J•I 
DO (M;•lr2) 

Mt•2+1II + ~ • IJ • NR 
P(N~oMCl• P(NR,MCJ t PEL(J,~) 

• S(~H,MCJ• S(NR,HC) t SfL(J,I() 
.,.FPI 
R(fi/R)• R(NR) + l>D2 t 00(6+J) 

o o • F 11-l 
IF (£tt1011J 

WRITEIO,qqq) 

• FOR"'AT(I ••••••*****•••u·•••••••*•IN SETUP•) 
~qzJ~(~,JODOl!I,(9ELtloJI,J•Ir2loJ•1ri!) 
WiUTEib 0 llilQ} 

• 
I • 

~Rll£1& 1 1i!00l(l 1 1P{J,J),J•1 1 l) 1 (,(IrJlrJ•lolltR(l),I•l,N~LtHtl) 
FQH~AT(t SELtlrJ), J• 1 ,l2,1kr 1 J•lti! t,~X:oiPi!£14,4) 
f0HMAJ(IO~OOE 1 o7X, 1 PtJ,1) 1 ,)0k,IP(J,2) 1 ,10t, 1 P(lrll'r10K, 
1S(Ioll',IDX,I$(1 1 2)1,tOX 0 '5fJ 1J)I 1 10X, 'R(J)I) 
f OkMA T t 1 X, JJ, 11'7E.1 &OH 
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00054 
000'55 

A'-lUit., 

••• 
11107107 PAGE 00002 

·······························-········ 
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(FLECS VtRSION ll 0 ~b) 15I071lb PAGE 00001 

oooot 
UOI.ll.lZ 
O<J()Q l 
uovo~ 

OO!I'lS 
OOOIIb 
OOOd7 
oooue 
l.ll) 0 0 9 
00010 
000 11 
00 I) 12 
O<IU ll 
OOOJtl 
00015 
OOOlb 
000 I 7 
i)/\018 
00019 
ooozn 
ouOZI 
ooozz 
0002] 
000211 
Ofl025 

···············----------------········· 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

SUI:IFIOUTif>IE 8Hf,t,RR(fJfPTH, D'!O, STR£58, USTAR, VU.) 

THIS SUsHOUTINE CALCUL.t.TES 8EO 8Hf.t.R STREIS AND IH[AR Vf~DCITY FOK 
A SEDIMENT LADEN FLOW. ~ETHOD 18 APP~!CAaLE FOR R£1ERV01Rs, 
REF o HY(hUUl.ICS Of SEDIMENT HUNSPORT 8T III,H, GiRAP', U 1!1,49 

FO~M.t.L P,t,R,t,H[TERSI 
DlPTH fLOW DEPTH (METERS) 
0'50 • MEDIAN 8EO SEOJHENT DIAMETER (METERIJ 
STR!S& • 6[0 SHEAR STRESS (KG/H*•ZJ 
USTAR • SHEAR VELOCITY tHIS[C) 
VEL AVERAGt VELOCITY (H/SECJ 

C.t.LLED 6YI HYDFLO, JCFLO 

RHO • WATER DENSITY tK8(fORCEJIH••3) 
OATA RHO 11000,1 

AK.t.PP.t. • KARMAN CONSTA~T 
DATA AKAPPA 10.4/ 

USTAR•YEL1(17.~ft•C.t.LOaiU(OEPTH/(90.'5•050)))*2•31.t.KAPPA) 
STHE88SHHO*UIT.t.~••2.0/9e8 
RETURN ,,, 

C'L.ECS YEJI&JOI< l.2,11b) 

··················-···················--
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000()1 
00002 
000()3 
ooo l}tl 
00005 
00006 
00007 
UOI)Ilfl 
OO<JtlC1 
00010 
uoo 11 
00012 
ouo13 
OOOH 
00015 
00010 
00017 
00018 
0001'9 
0!)020 
00021 
OOOZl 
OUOll 
noUZ4 
onozs 
OflOZfl 

15107122 P~GE 00001 

-·-····································· 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

11'11!1 METHOD OF C0~1PUTIN6 ttEO SHEAR STAEU AHO SHUR VEL,OCU'f' 
18 APPL.1CAtU.E T•l HJVERS AliP STREA~S. 

fORMAL. P,t.IUMETIE~81 

SEGi'li!NT Lf.Niiltl ALIEN 
El.E v 
I\~ AD 
f'f.Lh 
SLOPE 
STR[SS 
US TAR 

• ELEVATlOH OF THE CUR!IENT UGiMENT 
UF THE !IUHUH 
PREVIOUS !EG1'1!HT 

HYOM.&lJLIC fUOIUS 
• UEVATIO!l UF THE 
• 81!0 !'!LOPE 
• 8£0 SHEAR STRESS 
• IHEAR 'lfLUCllY 

CALLEO IU PiYOFLO 

G • GHAVlTY (M/S**ZI 
HHO • DENSITY D' wATER 
uATA AH0/1000 0 / 

!;lAP, G/9 0 !!101/ 
SLOPE • O''El.E'I 
&TRESS • !L.OPE * 
USTAR • S&iRT(G * 

ELIEV} 
IHIO * 
!I LOPE 

(KG (FORCE) IM••:SJ 

I .loi.EN 
HR.ll) 
* HRAD1 

tFL.EtS 'IER!IlO~ l2.4bl 

........................................... 
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nooo 1 
onoo2 
0001!3 
0011•14 
00005 
00000 
00007 
l.lllOC!!I 
QO (IQq 
00010 
00011 
00\112 
OOUil 
000111 
OOUIS 
OOOtb 
110017 
00016 
00U1'1 
ooozn 
(100ll 
OOU22 
Ol.lOiJ 
001124 
0002'1 
IJOOZIIJ 
OOI.l27 
00028 
0002·J 
000]0 
(JIIIIJJ 
OOOJt' 
OOOH 
0011311 
OOOlS 
O!llljb 
llOfl37 
OOOH 
00039 
000110 
Ol.lll4l 
uooqz 
OOOH 
000 (j(j 
0110<1'3 
0004b 
O!l\)<17 
000 116 
000:.19 
011050 
OOO'il 
00052 
OU•l'5J 

151071.?6 PAWE 00001 

----------------------------------------

r. 
l 
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 

Sl.!i:J~OUTINE 

I 
!lll.ClA,(.,fU,H, 8, !lOlV, CtlN, D!L.TDr OEL.Zr OEPTHr 

DE,.Sr 08HR1 EHDUE, HUO, Jl, "'lt!O, COL.Dt 
I~EL.f.~'~r POR, f.llil!-tr QHOUT r SCIHR, ITI~US, W'SET r 
XYIO, UEPOr IL.UR, &Dr ISM, XNfr ' ' • C~OSEC, 8•HO, ALEN, ECH07, ICC:IUIIJ 

PH!I SlmRUUTl"'E CU'1PUTES Hif lUTE 4ND IOURC! T!RHS !"OR THE 
TRA"'SPORf OF !lll.f (J1•2) ANO CLAY (Jl•lJ 

INPUT PARAHETEH81 
AijAR A~ERA~E 4PEA 
B • SEU CONDITIONS 
601~ • STA,.O•RD 9EO L.AYEH THICKNESS 
C • ~•TER CONDITIONS 
r.CIN • CONCENT~ATION OF IN~L.O~ 
I tEl. TO • TIME STEP (DAYS) 
Ofl.Z • SU·{OARO E1..EMI!NT THICKNEU 
OfNS • DENSITY 

OEPTH • DEPTH UF FLOw 
OSHH CRlTJC.t.l. SllUP STRESS FOR D!P'USITION 
EHOUE E!lO!JAttll.l fY, fKG/OIUZ/IfC J 
HH.t.~ • HYU~AULIC RADIUS 
Jl • •11 SILT •21 CL•Y 
r-lt!EO • N'JHitE.R OF tJeO L.AY!RIS 
Ntl..f!1 • NU11~fR OF !Lf14ENTS 
PON p,)ROSI rY 
'lHiN • JllFL.O,. OlSCI1ARGE 
QHUUT • rJulfL'L,IJ!oj OlSCHAA:Gf 
SCSH~ • CRITICAL. 8HfAR ST,.ESS FOR SCOUR 
STWESS • 8EO SHE•R STRESS 
VSET • P.t.Rfltl.E SETTLINQ VELOCITY 
XY&O • TIHCK•lEBS OF TUP REO L.AYEif 

OUT~UT PAHA~ETE~SI 

ILA~If • ~Q. OF BEO L.AYERS A'FECTEO 8Y DEPOSITION AND EROSION 
SO • UfPOSlTIUN RATE, (KC.lPCJIH••JIOAYJ 
8R • EROSION RATE, fKG(PC )/~••3/0AYJ 
~NT • ~F.IGHI OF TOP 8EO 8E01HENT L.AYfllr (KG/M**Zl 

VEPO • UEO Of~OSlTlON RATE (KGfPCJ/Ml/O.t.YJ 
SCOUR • ~EO SCOUR HATE [~GIPC./142/0AY) 

CAL.lfU 6YI TRANSP 
C.t,I,.LSI Dft'CAL 

RE.t,L ~1FU~C,~1,lNFNAC 

l.Ol.ICAL.•l ECH07 

I)JMI':NSJ1h1 
I 

A~A~('ltEL.EHir B(~-KLE~ 1 MAXCUN•Il 1 tOl.U{MXflE~r~AXCU~), 
QfN,(J), DSH~(J), f~O~~(]), 1LAYN(]) 1 

' ' ' 
lh!lN(1liELf.I•IJ, Q'"ltJIJT(I'I~fLEM), SC8t1iol(]), 
SO(M-~LE~,b), SN(~)r ~SEf(]lr X,f(lJ 1 
CCI'I("~-El.E11,.-IA:rt0"'Jr •l~ll>(,.;:ELE>l), UfP0(6) 1 8COl!A(6) 
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(FLECS VfR810~ 22o4~J 15107128 PAiE 00002 

0005t1 
00055 
00050 
00fl57 
000'38 
000'39 
ooo~u 
00001 
000b2 
01.1Ub3 
OOObll 
000b5 
OOO&b 
ooou 
00068 
00069 
00070 
001.171 
00072 
ouo 13 
0U071J 
011075 
!)007b 
00077 
00!)76 
00079 
000110 
00081 
00062 
001'1113 
OOOijq 
00085 
00086 
00087 
000~8 
000ij9 
00090 
OOO'll 
00092 
OU09J 
U0U911 
0()U95 
00096 
00097 
01'096 
OU099 
00100 
00 lUI 
00102 
00103 
001011 
00105 
OOI!lb 
00107 
ootns 
t1U I n9 

c 

c 
c 
c 

c 
c 
c 
c 

o•T• sEcoA~/Sbqoo,l 

Ji!•Jt+l 
XNltJJ}aQ, 
II" (NSEO,IOT ,OJ 
• X0TOPa(I,O•PORJ/(8(Nf!ED,I}/Df~S(1}+8(N8fO,Z)/DfNI(Z) + 

lo ~(~8fO,JJ/P~N8())} 
o XNT(JtJ a ~DTOP • B(N8fD,J1) • X110 
•• ,FIN 
LlfPO(JlJ a 0 0 0 
OEPO(Ji!) a 00 0 
SR(JtJ a 0,0 
S"(JV • o,o 
.!ICOIJ~(JU a 0 1 0 
SCOUiftJl} a 01 0 
,.s • o.o 
cs • o.o 
VOLU~E a CROIEC • ·~EN 
OIJ (ll( a I,NELfM} 
o !DliX,JlJ a 01 0 
• sntlx,~zJ • o,o 
oooP'IN 
JLAYR(Jt) a 0 
IFCECHU7J 

U (STifEIS ,LTo IJII11R(Jt)J 
• • SEUJ,otfNT O(POSlTJON 
• 
• 
• 
• 
• 
• 
• 
• 
• • 

• 
• 
• • 

• 
I • • 
• 
• 

• 

• 

l • 

• 
l • 

IL.·HR(JI) • •I 
AIIIOC a 0,0 
TOTW • o,o 
OU (IX a t,~ELEM) 

• 
• 
• 
• 
• 

• 
• 

IT IS IMPLICITLY ASSU~E~ THAT A OOW~STH!AM COURANT NUMBER 
AT OR N!•R UNITY I! E~PL01ED IN THII ANALYIII 

lNI"RACao,5aQMIN(IlC}•DELTD/A8ARCllC)/DELZ 
EXFRACaJ,O•INFRAC 
TOTO • TUTQ • I~FHACaQHI~ClXJ+EXFRAC•QMOUT(I~) 
AVGC•AVGCtlNFAAC*WHIN(JJCJ•tCCIN(IXrJlJ+CCl~(JX+I,JI)l/lo 

+EXFRAC*QHOUT(IlCJ*COLOtlX,JlJ 
,,,FJN 
AVGC • A~GC I TOTU 
OEP0(JIJ a VSETCJI) * AVGC • (1,0•(!TRE!S/D8HM(J1J)) 
WAlE • D!~O(Jl) • 8~10(1) * AL.EN I VOL~ME 
Or> (II: • lrNELEMJ 
o SO(K,JIJ • N•TE 

VOL.K a AijAR(~) * DELl 
• 1 NFHACa 0 • S *I.IH 1 H {I( J•Ul!L TO/ II liLK 
• tXFkAC•Ioll•lNFR•c 
0 ~EO•JNFRAC•~HJ~(K)•(CCJ~(K,JI)tCCIN(K+ltJIJJ/2 0 
• t EXF~•t•QitOUr(K)•CULO(K,Jll 
• CONT•I~FHAC•~Ml~(KJ•CCtJN(K,J2J+CCIN(K+lrJZ)J/Z, 

+ EXFHAC•UHOUT(K)•CUL~(K,JZJ • c • • • t••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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(FLf.CS V€r<SJO"' 22,461 1510712e PAGE 00003 

uo 11 o 
00111 
01)112 
ou Ill 
Ov 1111 
00115 
00110 
00117 
Olll16 
00119 
0•1120 
00121 
00 122 
f)O 1 ii!3 
00124 
00 125 
00126 
OtllZ7 
00126 
01.! IZ'i' 
OOIJIJ 
00111 
OOtl.i! 
00 13J 
00134 
oous 
001J6 
Ot!IJ? 
0013'1 
00139 
00140 
OOUI 
00 1 <iii! 
0011.13 
001111.1 
00145 
001146 
00147 
OOtlle 
00 lllq 
00150 
00151 
00 t 52 
oo I 53 
Oo I 54 
001 ss 
00156 
001'57 
uo 156 
00159 
O!llbO 
(II) 161 
IJU1b2 
00 16) 
00164 
0016'§ 

' ' 
' ' ' c 

'" 

c 

c 
155 

c 

• • 0 RATEK • ~ATE * VOLK 
DO(K,Jii!) • RATEK I SED I VULK * ~OHT 

• • O!POiJl) • uEPO{J2) + ~O(K,JZJ I 8~10(~) • VCLK 
• • .,,FJN 
• 11 .FlN 
• IF (STRESS .GT, DCDHR(J1J 1 ANO. N8E0 1 GT 1 0) 

SEOlHENT !CDU~ING 

• • 
• 

• 
• 

R8 • EHUOE(JI) * SECOAV * (STRESS I 8CIHRCJI) • leO) 
IL.\VIHJl) • IJ 

CO~~UTE AVAI~.\8ILITV OF COH~SJVE SEDI~!NT IN BED ~AY(R8, 
~A.(j,~UM rWMHER uf LAYERS SCOURED II AUl'RlCTEO eY UNb SCUURING. 

• • .. 
• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
• 
• 
• 
• 
• 
• 

• 
• 

• 

RS • RS * UELTO 
liHEN {,,.wT 1 (A8 ,GT, XNHJI) 

~s • AMlNitRs,xNTCJIJJ 
• CS • RS * 8{N8ED,J2) 
• ~NT(JIJ • XNT{JIJ•RS 
1 • ,I' Jrl 
ELSf 
• I'AC•b(NO~O,JZJ 

~S•JS~ • RS 
• 

• 
• 
• 
• 

~8 • o • 
1l~YR(Jl1 • JLAYR(J1)+1 
NB • NHED•ILAVR(JI) 
KSUSP • RSUSP•XNT(Jtl 
HS • HhXNl(JIJ 
CS • CS + ~AC•XNT(Jl) 
JINT(JI) • 0 0 0 
,. .lC • 0 • 0 
Iff (~'<SoNE.o) 

.ANO, ILAYR(IJ .G!• OJ J 

XNO•(I.O•POR)I(B(N~,IJIUENI(I)tB(NB,i)IDeNSti)tS(NS,3)/0EN8(JJ) 

• • 

• • 

• • 

• 
• • 

• ~~T(JI) • 801V • 8{NR,Jl) • kNO 
1 fAC • ~(NH,JlJ 
••• Fit, 

JF tiLAYR(JI),fQ 0 llAYRCIJ} GO TO 155 
(f (RSUSP,GE.XNTCJI) 0 .lN0 1 lLAYA(l).QT,JLAfR(Jl}J 
• G·J TO 140 
.,.filii 

CO'-TINUf 
• • UEL • 4~z~t(RSUSP,XNI(J1)J 

HS•R9tOEL 
1 • C8 • CS + OEL • FAC 

• XNT(Jil • XNf{JI) • OEL 
• ,,,fJN 
,,.FIN 
SCIJUR(JIJ • <U I LlHTO 
SCOU~(j2) • CS I DEL TO 
SR(JIJ • ~S I OELTU • ~~10(1) * AL~N I VOLU~[ 
S~(Jll • CS I 'li:LTO • H .. ID(I) • ALfN I VULUI'IE 
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00001 
oo0u2 
00003 
000011 
oooos 
00006 
!10007 
01)0011 
0001)9 
ouo 10 
uoo 11 
ooDli! 
000 1l 
000111 
ouu 15 
\) (1 0 J t> 
1)1)0 1 7 
OiHJll'l 
1}001~ 

0 ~I 0 i! \) 
QIJOll 
IJOOU 
OOOi!l 
(1Qil211 
00025 
OOIJ26 
110027 
DO IJZ8 
0001~ 

000!0 
00031 
00012 

15107139 PAGf 00001 

····························-········---
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

' 
c 

c 

c 

c 

c 

IIOb,SJ&PPH,rL)I' 

SERATRA POST PROttSSliiG PROGNAH 
• • •• 

THIS PROGRAM I8 USED TO /llfiNIPlli..AfE THE NESULT flLU FNOf'l THE 
SEOIMENT TRANSPORT MUOEL , SENATNA 1 LISTED dELON AR! t~f FUNCTIONS 
THAT IT CAN P[AFONf•l 

(1) LIST • READ THE &PECIFJEU FILES ANU PRlNT PROPER ~ATRIC!8 1 

CALLSI GETSPC, LISTER 

~YTE fiL~AM(JI)),RASf(5) 1 !.T(J),OfY(J),,UJC(3)tUUlC(J) 

1NTEQE~t2 dEG~E~,u~lTS 

INTEGtAtli 8£GTII1,L6Tllf'l 

C~Ll 

I 

Ll8T 
CAll 

I 

SJOP 

"' 

GE TSPC f BASE t ti[G SEG 1 UE!i T 111 1 CHAIN 1 fX T t ll[ Y 1 I" lLNAMt GUI C 1 I NT SEG, 
JNTT1M 1 L&TSlG,LSTT111tfSTEP 1 UNlTS 1 UUICi - -

•• TliUf I 

LIST~R(848E,"EGSEG 1 SE,TlHrCHAJ~ 1 0EY 1 !XT 1 1"l~NAHt!iUlC•JNIS!G, 
I PITT I M, l8l SEG, L S T T I H, TS TEP, UNIT 8, UU t t) 

(FLECS VERSION '!2.11td 

········-····-·--·····-····-············ 
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00001 
00002 
0000) 
00004 
00005 
OOOOb 
00007 
00006 
OOOOi 
000\1) 
ooou 
OtlQ 12 
iiOO 1 1 
00014 
00015 
0!10 10 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
QOOZS 
OOOi!O 
000i!7 
00Ul8 
00029 
00010 
0\IOlt 
ooon 
oooH 
OOOH 
00035 
(lQIJJb 
OoH7 
()(JO]~ 

(lll(ljfJ 

000110 
00041 
000112 
00043 
OIJOIIII 
OQOIIS 
00040 
000117 
00048 
0004'1 
00050 
IIUOS l 
UOOSi! 
U0053 

·-----······················---········· 

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 
t 
c 
c 
c 
c 

c 

c 

c 
c 

c 

c 

SU8ROUTINf ITRTUP(fl,t,Bf, UI!:V 1 ECHO, fN,t,H£ 1 fTVP[, GU1Cr lN,LU, 
1 liTA:T, NfRSTr OUT'LO, IM£TH, UUICr 
l 8AVECH, J8EG, NSTEPS,NStG,JlPRlrANALYir 
l DELTHrANALMlrUEP~lNrSlMLfN,PfL£V) 

THIS ROUTINt IS RESPONSHH.£ FtlR TI'IE lNTEIUCTlV[ lfQ AND Ol'lNINQ T11l 
P~OPEM ,ILU, 

FORMAL PAHAMETER81 
BASE • 5•CHARACT£R BASE fiLE NAME (8YTEl 
OE.V • 8Uf llUTPUT fiLE OEVICE tBYTfl 
ECHO • LINE PRINTER ftHO CONT~OL VA~lA6L~ (Ltl) 
8AV£CHtl)• ECHO CONTAOL FOR SERAT~A HE-DINGS 
8AVEC~t2J• ECHO CONTROL ,OR 1Nfi'LUENT CDNCENTRA1JONI 
UvECtHJJ• EC110 c.nt-~tROL FOR SETUP Cl' £L!M!.NT ftUftllt 

SAVECH(4)• ECH\l co-.TROL. fi'O~ liEOHETMY AND-CONCINTRAllONI 
SAVECH(5)• ECHU CONTROL ,DR ADSfLO, fEfORE AND AtTlR 
SAVECH(b)• ECrHI ClJ"'TROl. fOR BEDIP'I£NTAT10N 
8AVE.CH(7) • EC!i(t CONTROL 'OR DJ•~NOStlCI IHTHIN IAN01 IIILCL.A 
S-V!.CH(ft)• ECHU CONTROL FOR PRINTOUT OF ICOUR/OEI'OIJTION' DET~IL 
SAVECH(i)• ECHO CONTHOL • UNOEflN£0 • lRANSfERI TO TMANIP 

SAVECH(lO)• ECHO CONTROl. • U~OEFJH£0 
FHA~£ • Fll.f OESCRtPTlON FOR THE REIU~T FILE (llTEJ 
~TYPE • lASE OUTPUT FILE EKTfNSlOH (IYT£) 
liUIC • iROIJP NUriKfR !'ROM UlC OF IUU fiLE NAME (tiYTf.) 
lNF~O • LUN N11Hdffi TO THE OUA FROIII THI PR(VIUUS IUMENT 
IITRT • ITl~TlNG &(GHENT NU~6£R 
IIIFRIT • ITA+HlNI; Tl"'£ PLANE NUtiHER (h41J 
OUTFLO • LUN NUM~fH TO THE FILE HfCElVlNQ THE REBULTS 0, THE 

CURt<:EIIT SEGI'IENT U•ZJ 
SHETH • MET>iOU TO BE tliEO TO C-LCULATf THE. UNO CAPACITY tiYTU 
UUJC • USE•! '4UM!fER FHOfll UIC Of' IUIE fii.E. IUI'If tiYT!) 

CALLED ~11 6ERATRl 
t•LI.SI fOCODE 

AYTE ANSwfR,YES,H 1 fNAM({2q) 1 FTYPE(JJ 1 0EV()) 1 QUIC(J),UUlC(3)r 
l 8ASEt5J,SMtT~,IN~FlLtlOJ 

I!HEGE.~•Z OUifLIJ 

lNTEGERtq NfH,T,SlMLEN,NSTEPS 

LOG1C4Lfll ECHO, UVtCHr WIHSEG, ANALYR 

Dl~ENSlON JSE~(~), SAVECH(lO) 

IJAT• H/ 1R'/ 
UATA YES/'Y'/ 
OlTA ~RTSEG/,fALSE,/ 
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(flECS V~RSIUN l2o46J 151071112 PAGE 00002 

onosq 
00055 
000'30 
000'57 
ooo;a c 
00059 
OilO&O 
OilObl 
OOOOl C 
011\)b] 
!)i)06'1 
0\J005 
(10006 c 
00007 
O•IOOIJ 
00069 c 
0(11) 70 
001,)71 
00072 
0007) c 
000711 
00075 
IH\076 
OD071 C 
ooo 78 
001)79 
1)(10!10 
OOOIJI C 
00082 
00 01:1] 
(.100611 
090'!5 c 
00\)IJb 
OlllliJ 7 
00 1)68 
00089 c 
00040 
000?1 
nooqz 
ooou c 
00U94 
00095 
ll0096 
00097 c 
00016 
00099 
O!JIOO 
00101 
0<111ll 
OO!Ol 
ootull 
!lOtOS 
00 l flO 
00107 
001•)6 c 
OQIO'l 

tollol{Tf(6,!J 
RE AO ( ij, 2 J NCH~, t1 NPF H. ( lJ 1 l• It NCtiiO 
I~PflL(NC~Rtl) • 0 
tli"EN(lliiii T•1oNA!'1E•JNPF IL, TYPE•' Ol.!l t, RUOO"fLY) 

riRITEI8,)} 
~EAO(~,IIJ~NS"!k 
IF CA~<~Sto!EH ,1::•1. Yf8) t:CHO • ,THUE, 

>"~f.IITE(6,61 

HtA0(8,4)1,NAHf(JJol•I,Z9) 
CALL FUCOUECfNAMf,BASE,J8EG,,TYPerOEV,GUIC 1UUJCl 

totRJTf(!,7J 
Hf&U(&,II) SHETH 

wRlTEC8,8J 
HE-.o(li,ll) .AN8"1E~ 
lF (ANS~EH.EQ,Yf&l SAVECHCIJ • ,TRUE, 

"RJTEI~,9J 
~t::.-0(11,4) AN8WEH 
1~ (ANSWE~,EQ,YESJ SAVECHC2l • ,T~UE 0 

w~%Ttl8,10) 
REAO(fJ,q) ANS"'EOI 
JF (ANSwEH,fQ.YfSJ !AVEC~(]) • ,TRU~. 

w~llit8,J1) 
Ht.AO(Il,l!) ANSriEII 
If UNSWEioc,Eii!,YE!J SHECH[4) • ,TRUE, 

r.:KJTf. (8,12) 
K~A0(8,11} Al'f8W!R 
IF CA~S~EH,EQ,YfSJ SAVECMCSJ • ,TRUE, 

riRITE (6,1]) 
l(f.-.0(1!,4) AN8><E.R 
IF (ANSW!N,EQ,Yf!) SAVECH(bl a ,T~UE, 

w~IT[ U,J4) 
Ht.A0(11,4) AN8"1ER 
Jf (ANSMEW 0 EQ,VESJ SAVEC~(7J • .T~UE, 

W~ITE l"d!J) 
llEA0(8,4) ... NS>'lE~ 
lf (A~<~S~«EII.EW.V~SJ wRUEG • ,TRUE. 
oti'IEN (j~jJtJ~EG) JSEGCIJ a 0 
t:LSE 
• ioRlfE Uoi6J 
• REA0(8,17) (JStG(J},J•I,SI 
000 FIN 
L<~IUlEUioiiS) 
>1EA0(6,4) ANS<~fll 
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oo \I 0 
OIJUI 
DO ll2 
0 lltl] 
00114 
00115 
11011 b 
1)0 111 
on 118 
on 11 q 
00121) 
00121 
OQIU 
OQIZJ 
QO 1 t•l 
00125 
O(J\2b 
00127 
DOll!.\ 
01112q 
oo I lU 
OOIH 
0013i! 
notn 
00134 
Q\1 115 
IJ(t13b 
no IH 
00111:1 
Oll1H 
00 14() 
00141 
00142 
00 14] 
00141~ 

Oll\1.1$ 
Ql) l4b 
OOIH 
0\11 VI 
Oo) 111q 
u01'50 
no 15 I 
00 IS? 
llHI'S3 
OU1'511 
uo 155 
on t5o 
00157 
UHISIJ 
011159 
('IUIM 
0011>1 
l1Hib2 
no 101 
()01bl.l 
001 b5 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
c 

I 

' 

15107142 PAGE 0000] 

OIRlTE(&,tql 
• 
• 

REA0(8 1 i) NC"R,(INPflL(llri•lr~CHRl 
lHPflL{NCHH+IJ • 0 
OPf.N (UN I l •i! 1 "''~E•J NPf lL 1 TYPE •' Ol.fll 1 fORMs I UNFURI'IA flt.D I ) 

• 

• 

• 

• 

• 
• 

~WRl lEt&, ii'OI 
~UIJt~, 111 ISTRT 

t~oRlTE(15,21) 

PE.Ioi.I(!Jri7PISfG 

OjRJTE(ISrlil 
RE.IoO (8, 11J •ifiU l 

IIIRITE(l'l,.'!l) 
REAU(8ri7)"'STEPS 

WRll~(~,2Ql 
Hf.A0(8~U'J1TPHT 

WIHTE(t1,25) 
RE AO (8 1 4 JA ~SOI[fl 

• IF (ANSWER, t::Q, YE8J ,t,IULYS•• TRUI!: 1 

• 

• 

• 

t~Rl lEt 6r26l 
PEAl)( 'I, 27) llEL T ~ 
81MLEN • D€L1H • NSTEPS 

WRITE(6 1 28l 
READ(6 1 Z1)A,N,t,LHT 

orrjRJTEt8r2q) 
REA0(6,27J!lEPI'III" 

<!Alfl!(ti,]O) 
REA~)( 8, 21) PELE 'I 

••• FIN 
EI.SE 

NF~ST • 1 
I61~U1 

• OPEN ( UNI hl 1 N4,1E• I OUHMY ,OT I I, TYPEs I NEfj t ,,0~1'1• I UNFOII'M,t, TtEll' l 
000 fiN 
l:LO'Jf(oJNIT•A) 
INH,ll•i! 
UUTFLO•l 
ftP[N(IJNlT•J 1 NA~E•'~UHMY 0 0T2' 1 YlPEa 1 ~E~',fUAM•1UN,ORH,t,TT[01) 

OPE,{UIIIlf•llrN'Hf.a 1 HYURULOGYo1"P'rTYPE•'~>~E'II 1 1 fUH~•'UNFURMATTE01) 
UPE" (UN! T•?, tUI'\Ea' 1 ~ JitU URY • lHP 1 1 TYPE• 1 N[,.r I 1 FURM•' UNFUH.~<ATT£Oll 
Ul>f.~(UNll•b,~~MEs'SEu.LSTI,fYPE••NE~ 1 J 

~E T!JIH~ 

lot fORMAfS 1111 

FOH~AI( 1 $lNTE~ ,44~[ UF l~PUT FJLE, 1l 
FUI(~ATI.Il,j0Al) 
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001116 
1101b7 
01111!8 
no toq 
001 70 
001 71 
oo 172 
0Cll7l 
00174 
(10 1 75 
0017b 
01Jl 77 
!IV 178 
00179 
(If) 11\0 
{I (I 181 
00 I AZ 
0!) 18] 
\!0 184 
110 l'l'i 
0011H• 
00 If' 1 
oo I 116 
flOit!9 
111.1190 
!li'IJ q I 
00192 
00193 
00 19'1 

001 "'"' oo 1 91) 

II !'II"' 
oo I 98 
OOI qq 
0020() 

' • • 7 

• • 
10 

11 

" 
" .. 
" .. 
17 

" " '" " " " " " " 27 

" " " c 

t!IHMA.T(')LlO YLlU WANT Tl"if. INPUT FILE ECHUEU (T Ofol N))ol) 
FDR~A.t(Z9~1J 
FORMAl('$ENTE~ aA,S~ FILf NA~E~'J 
FOHMAf( 1 flrtlCH ~A•m CAP&ClJY "'lTHliO IS TOil!. USEUJI/ 

f 1$EiTER T (TUFFALlTTl) 0~ C (COL~YJ)ol) 
JlDR"'Al(iJOO Y1lU AANT SEIUTR& f1EAOtNii8 ECHOED (Y OH N)ll) 
FORMAT( 1,nO YOU ~A.NT INFLUENT CONClNTHATIONS fCHO!D CY OR NJ7 1 ) 

FORMAf('iDO YUU ~ANT ELEMENT HATRtCES ECHOED CY OA N)JI) 
FOHMA.l( 1 $00 V11U joj.\1H GfOH[TRV ANU COijCfNTRATI0N8 ECHO!O tv OA NJ', 

t '7 1 J 
FOR Hot. T (' SIJO YOU otANT CONC!~TR& T ION ECHOED EIEJlOR[ AND •F T(R lfUIFLO t 

t ,t (YOW NJ7 1 ) 

FU~MU( 1 .SOO Y!1U Jii••H SCOUR/I)fPOSITlON TO OCCUR7 CY Off N) 1) 
FUA"1Af(•JUO YOU ~A<H COMPLETE SCOUR/Ot:P081TJON llr+P'ORM•TIONt, 

I' Jft!:OIU)fllf (Y OR Jll)l) 
FQ!i141T('IU0 YOU .!&ItT COMPLETE ECHO• JNFOifMATJON JlOH ALL', 

1 1 SfijMfNTS7 (Y OR N)l) 
FUWMA1( 1 ~~·oR AHJCI1 !JE.GMEI'ITS DO YOU IOIANT COI'IPLETE ECHO''' 

11 JNFUf!MAftnN? (M"IIJI':UM OF 5) 1 ) 

fOifJH,T(~J!:i) 
FORMAf( 1US HilS TO BE A RESTART OF A PREVIOUS I'IUN (Y OR N)J)ot) 
fOIHIAT(I\I;.NTfli NA . ..,E OF RfSUHT fiLE>') 
FO"IMAII'l>fNl£"' THE HflilNNING SfGI~ENT folUM8[R)ol) 
fOOH·!Af(ltfNTfR THE. ENUIN' SEW"'fNf ,_UMtlfR)ol) . 
FOH~AT( 1 ¥fNTC~ THE 8EGJNN1NG TJM[ PLANE NUM~fR)ol) 
FORHATt'•tNTflf THE fNOlN' TIME PLAN£ NUMBflf)ol) 
fUf.IHAt( 1t.i:.NTt,R THE. PRINT Fftf.liiLif"'CY~ 1 J 
FOHMAf( 1aUO YOU WA!~T THE TIME SERJE8 ANALYSIS? IY OR N)Jol) 
F fJ~..,A t ( 1 U.NTEH THE T JME JNCRfMfNJ)ol) 
Flli~MAf(Flo.o) 
FO"'HAf( 1SE.NTEH THE MINIMUM CONCENTHATIUN LIMlT,.I) 
FQ1f"'AT( 1,ENTER rHt HI~I~UM DEPTM LIMIT,.') 
FOifMAt(l~fNTE~ TriE UPSHE&~ f:LEVATJOrt,. 1) 

t. 110 

----···-········--·-------·-···········-
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........................................ 
00001 
00002 
0000] c 
00004 c 
0000 5 c 
ooooo c 
00il07 C 
00008 c 
00009 c 
00010 c 
00011 c 
BOOIZ C 
00013 c 
00011.1 c 
00015 c 
00010 c 
00017 c 
00018 c 
OOOlQ C 
OOOiO C 
00021 c 
00022 
OOOll C 
000211 
0(1025 c 
OOO?.Q 
OOOi!: 1 
IJ00i!8 
OOO.!Q 
tl01110 
OOOH 
0041]2 
tlOOH C 
000]1.1 c 
00035 c 
(IQQ]b ' 
00017 
OQ(l]A C 
000]9 t 
000!10 (; 
OOB'tl C 
OOIJIIi!: C 
0001.1] 
HOOIIII 
00045 
O'l04b 
000'11 
IJOOile 
OOOoiQ C 
00050 c 
00051 c 
00052 c 
OOOSl C 

SU8ROUTINf TOfF"L(AL.f.Nr OIJO, G81 1 HRI.D 1 QTUTr IL.OP£ 1 T£MPM, VOI.r 
t VS[T, GSlJ, GSH, GSL, GU, VU, '+'"• VLJ 

THUI SU6ROUTIN£ USES TOHI.\.ETTI 1 S HI!TiiOO TO CALCULATI!: T~E CAPACITY 
OF THE fLOW-TO TRAN5POMT SAND, A 8\JHMAMY-O, THI8 METHOO CAN BE 

FOUND lN lH[ "SCE 197~ EUITlUN OF •S£0JH£~TI.tlON tNGIN!f.RJNO• 
PI.&U i!IJQ • i!llo 

FORHo\1. PA~A~[TERSI 
ALEN • 8EG~ENT LEN~TH 
050 • H!OII.N ~EO SEOJHENT OII.H[l[R (MfTERI) 
QSJ • TOTI.L CI.PI.CllY OF THE SEGHENT-(KG/OAY/~) 
HRAO • HYD~AULIC RAUJUS 
QTOT • TOTI.L 'LU~ WITHIN THE SfGM[~T 
SLO~£ • E~E~GY OR RIVEM 6EO SLOPE 
TEMP~ • WATER TEMPEHI.TU~E 
VOL • VOLIJHE 
VSET • S!TTLING V£LOC1TY 

CI.I.L£0 lUI UHD 

RUL K4FUNC 1 1t0 

OIHENSION V&ETt3) 

CONSTl • J,7915E•S 
C0~8Tl • S.b0249E+li! 
CONSTJ • lo97bll8!+3 
FOIA~i050 • 1,2~0833 
fMP~aTEMPH • 11 80 + ]l,O 
V•(QT61 • AL.EN I (VOL,)) • CONSTI 
FHRAO•H~AO • 3,l8083) 

FO~ -iTER TEMPERI.TUHES GREI.TER THAN 3ZF AND LeSS THI.H 100' 
THE KlNE~ATlC VISCOSITY CA~ BE ~RITTEN 1.8 THE-fDI.LO"JNGt 

I.SSUMl~G lHE OSil G~I.IN SIZE {0JAM) 18 APPROXIMATELY 
EYUAL 10 lH~ GEOMETRIC ~EAN GRI.IN SIZE AND 81G~4•d a I,S, 
THE Ob5 GRA]N SIZE CA~ HE OElfRMlNEO TO BE 1.17 • 050 0 

l)b'Jat.l1 • FDIAM 
CNV•Ooll9~ + 0 0 00~4B * THPR 
CZ•2bO.h7 • O,bb1 * lMPif 
TTat,l~ * {0 0 B51 + 00 0000Q * TMPRJ 
lJaVStf{ll • CONSTl • 1/ I (Cl • FHRI.O * SLOPE) 
lF(ZJ.~T.fNV) Zlal.~ • CNV 

J!l[ MI.~NlNG-STRIC!\LER [1Wo\1ION IS I.!SE\l HE.Kt. TO 
DE.lE.RMJNE THE HYO~AUL.lC HlDIUS C0'1PUNEtiT UUI! Hl 
G!UIN RUIJGHN[U (!II), lAKEtj FllOH THE U7'J .UCE 
·~EOIMENT,TION E~G~~~ERI~G~,P~. 126. 
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00054 
00055 
O>Jo"ib 
00057 
0005!J 
OoJ05'CI 
000!10 
00>}61 
Ool>Jtli.' 
01)06) 
OOObll 
01'10b5 
000&6 
DOOI>7 
0006ij 
01.1009 
00070 
00071 
0007i 
01.1073 
OOOH 
00075 
0001b 
(.10077 
00076 
OllU79 
1)0080 
OOUAI 
OOO"i! 
0{1083 
00064 
00fl85 
OG08b 
OOOIH 
OO!UII 
001)600 
onoooo 
000'01 
00 (}Ill 
on on 
000'011 
000'15 
00096 
00097 
00096 
00099 
00100 
00101 
IIIli 02 
oo 1 OJ 
011104 
00105 
ov I 06 
00107 
00101' 
1)0109 

c 
c 
c 
c 
c 

c 

c 

c 
c 
c 
c 

c 
c 
c 
c 

~UIISTl TUT!ONS 
ANI) I((SUBIS, 
fHE LATTE!t BY 

A~E MlO~ IN E~UlTION 21 141 ,OR SHflR '1'£l0CITY 
THE FOIP'IUI IS RfPL.t,(;fO 8'( fQUlflON Zollll, ANO 
DUU~)65o 

~PKJME•((V••t,SJ * (065 llllilll0 1 i!5) I (SLOPE ** 0,75)) 1111 01 003119 
liSfAR•(RPICl"'f 1111 SLUPE * J2,2) u 0,5 
AFUNC•(VJS 1111 J 1 0E'J ** 
CONDITIONAL 
• (lFUNC ,Lf, 0,500) 

(AFUhiC ,LEo O,b60) 
, (lFUNC ,LEo 0,720) 
1 (AFUNC ,~E. I,ZSJ 
• (.t,FuNC ,GT, 1,25) 
• 11 FlN 

O,JJJ I tlO,O • UITA~J 

AC • (AFUNCI~ 1 S9J** •lollS 
AC • (AFU~CI0,00J6)1111*0,61 
.,, • (AFU~CIO•l'j**4oi7 
.t,C • ~ll!I,O 
AC • (.t,FUNCIO,J04)uZ,74 

(4FU~C•AFUNC * S~OPE 1111 Ob5 • I.OES 
CONOl f l0N4L 
• (K4FUNC,Lt,O.l5) 

(K4FUNC 1 LE,O,J5) 
• (1(4fUNC.~T,0.)5) 
•, ,Fl~ 

ACII:4•AC ot K4 
1' (ACI(4 oLT, lb,O) 

4.Cii.4•1tt,O 
, 11.411ilb 1 d I .t,C 

" . ... ... 
loS • ZJ 
II 

'·' (K4FUNCotillll 1 10) * 
(K4P"UNC** •l,dS) 

CNV • 
CN'I • 
ChiV • 
n.75tt 

• oofiN 
oczo.r,o + 
0CZ1'1•1,0 t 
OCZL•I.o + 
ZlliV•CNV • 
l11••ZINV 
ZN•I,O + lti"V 
l<lh0,15ft • lJ 
lP•O,Z44 • ZI 
zu•o,5 • u 

o, 756 
• Zl 

• Zl 

CLI HAS HEEN I'IULTIPLIEO 6Y 11 0[)0 To I(EEP JT FROM 
~xeEEOJNG fHE COMPUtER OVERFLO~ LlMJT 

~M[hi((0ClL•A~OG10(~ 1 U*FUJAMJ•l0,0) 1 UT.J~.JC~l•O,O 
ELSE 
, CLl•li.OE•20)otCO~ST2 a OCZL * {V •• l,l)J) I FHAAD ** tZH) I 

lo ((fT • AC * K4 • FOIAM) •• 1,667J I tJ,O t CNV) I 
2, tO:'HIUO I ll,i!4J t* fZN•i'O.IUOGiO(F!1H.t,OIII 1 ZIIj) • 
J. ({l,OtFOJAMJilllt(OCZL•ZO,IALUGIO(l,OlFOl.t,MJ)JJ 

o o .FIN 
~~ENtCll 1 tQ 1 0 1 0JClO•O,O 
I:LSE 
, CZU•CLI•(2,01FOJA~IFHRA0)1*(ZO•J0 0 1ALOGIO{l 1 01FOJ.t,MI~HHAOJJ 
o o ,F J N 

CHlCI( TO SEt IF TliE CAl!;UlHEO VALUE J8 REASONA8LE 
(c 100 0 0), ANU ~OJUST lf JF IT IS NOl. 
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00110 
00 Ill 
00 l \i 
001 u 
oo 11 a 
Oi)ll5 
00116 
011117 
00118 
()Oltq 
001 ii!O 
110121 
00 li!l 
Ot.ll21 
oo 121.1 
00125 
001 ii!b 
00127 
I}() 1211 
(10 129 
0(1110 
011 I 1,1 
00 132 
OOIH 
00 Ill.! 
O•J 135 
00 llto 
U0137 
OOIH 
OUIH 
oo 1 (10 
OUJ(I! 
out til 
OOIH 
00 t '14 
O•lltl':i 
00\tiD 
001'17 
001116 
001 4~ 
00 I Su 
ontst 
l\ul52 
Ill~ 15] 
0{11511 
ou 15':i 
IHII ';to 
0111 s 7 
oo 1 ~!I 
outsq 
0011)() 
0011)1 
Olltf>.i! 
Olllbl 
O•J I h(l 
ou 165 

15107157 PAGE 00003 

' C C!11 tiAS SEEN "UL llPLI~D BY 10 0()0 TO KHP IT f~Oiol 
C EXCf.EDING THE CU~f'lJTER U~ERFI.OH I.I"'lT 
c 
C P{SU8)1 VPEAiflNG IN f.QUHU'INS z.23bHr Jr K, 1. 1 H1 ANO 
C N 18 THf. WEIGHT FRACTION OF TOT~I. SANO THAT TH! l•TH 
C SIZE FRlCHUfll CI111TAlNS. Slt"CE Ill£ AM£ HODEI.lNG ALl. 
C SAND lS A 9lljijl.,f. Silt. fiUCTlON •• PUU8)l • 1;01 AND 
C HE!oiCE DUES •HJT APPEAR IN THE H00£1. E.tiiUAfiDNio 
c 

c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 

c 

~HENtCI.l 0 tG 0 0.0J tMI•0 0 0 
ELSr.: 
• CMJ•qloZ * CLl * (t.o + CNV) * V * (~HRAD ** (ZM)} 
oooFlN 

~<HEN (CI11 0 I!Q 0 0 0 0) 
• GSU•o.O 

Gl$1'1•11.0 
• GSL•o.u 
• GSi:l•o.u 
• o of' J N 
ELISE 
• 

CALCULATE THAN5PUHT CAPALITY OF THE UPPER LAYER 
• 

• 

I • 
• 

FOII•FHRAO I 11.2U 
FD25•f'H~AI) I 2 0 , 

GSU•{C~I * (~011 •• (l.P)) * tFOi'' ** (ZQ)) * 
I~HR"D H (IICZU) • {f'02!i ** (OCZU)))j I (OCZU * 1,. f+lOl 

CA~.,t;Uu,n. THE CAPACITY liF THE "'IOOLE L"'f'EH, 

• 
• 

I • 
• 

G8.-,a((MJ * (FIHI ** tlP)) * {(1'"025 U(IJClH}J • 
tFOlt ** (UCZHJ))) I (liCZ11 * loOE+lO) 

CALCUL"Tf THE CAP"CITY OF THE LO~ER I.AYEA 

• G9L•CMl*(fOit••tZN•)0,/1LOGlO(f'Olll)•[2,0iillf'OlA~)**lDCZI.~ 
lo ]0 0 /AI.UGIO(l 0 0111FU1A~l))IOCZL 

C~LCliLUE THE CAPACJH Of THE BED LA1EH 

GSHaCMh (2. O•f!)} At\)** {lN•!O 0 /ALOGI 0 {2 0 O•FDlAHi l 
• o oF IN 

C••••-•******••••••••••-***************************************•*** 
C TOTAL [APAClTY OF HI!:. Sf.b~£NT (IO[U HAS UfoiiU OF TONSIDAYin) 
c 

1,3hGSU • '" ' G5t. ' ... ' c [(INVERT J !lG '" KU/U~l'/M 

c 
liSU • liSU • ((l'lSTl 

"' s GS.t • [llN\ili 

"" • "' • 1,;111~S T l 
IOSfl • GSH • (UN3J1, 
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tFLEC~ VE~SJON 22.4bJ 

OOibO 
(11116 7 
00 li>8 
0010-1 
!Hil70 
() () 171 
oo 172 

c 

YU • HRAU I loS 
Y~ • HHAO I 11 0 24 
n. • z.o • f15u 
GShGSJ 11 cmo.-:tTl 

~f.7URN 

'"' 

15107157 PAG~ 00004 

•.......•...•..•.••...•..•.•..•.•.••.•.• 
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'FLECS VERSION 22 0 4~) 15108108 PAGE 00001 

·······························-~·-····· 

00001 
00002 
fiOOO] C 
(1!'10011 c 
OOUIJ5 C 
OOOOG C 
00007 c 
00008 c 
0000~ c 
00010 t 
ooou c 
0001i! c 
00011 c 
00014 c 
01)015 c 
11001~ c 
00017 c 
00018 c 
0001" c 
110020 c 
ooozt c 
OOOi'Z C 
0\lOi!l C 
Q\1021.1 c 
(IIJ025 c 
OOO.i!b C 
00027 c 
000.,!6 c 
01)Q2q c 
000}0 c 
000!1 c 
QOI)Jl (,; 

ooon c 
OOOj/J C 
ovns c 
0001b C 
00037 c 
1,)003~ c 
00039 C 
001)/llj I; 
00041 c 
OIJC42 C 
u1JOH C 
OtiQij/.1 C 
Oll01l5 C 
OOflijb C 
1)\)(lli7 C 
OV0ll6 C 
OO(ll.lq C 
00050 c 
00051 c 
IJ005Z C 
1)0051 

SlJBROIJT HIE TR ANSP ( FERROR, PC Off 1 8'1110, A I'll D 1 A8AR, D!PTHr 0LDC1 ECHOG 1 
1 CRUStt,£CH07, £CHUB, ECHOq) 

THIS RoUTINE SOLVES l~E MASS TMANPORT (~UATIONI BY AN IMPLICIT 
fiNl TE•£LE.11lNT METI10U 0 A CRANK•tUCI'IOLIION M!T1'400 II Ul£0 TO -
APPHOkl~AT£ THE SOLUllON THROUGH Tl~(, 

VA~IA8LE DE~INITlUHSt 
ALEN • iEG~ENT LENGTH 
AMEA • t~EM!NT AREAS 
~ • SED CONOITlONI 
dOIV • ITANDARU ~ED LAYER THI£KN!SI 
DEO • !Eo TH1C~NEIS 
C • WATER CO.<~OI TIOMI 
CCIN • CONCENT~ATIUN Of INFLO* 
COLP • CELL•CENTEREo CONCENTRATION 
Cli:08EC • fOUL CR088•SECrJONaL AREAr M*•C 
DECAY- • ,l~ST UROER DECAY 
DELTH • liME STEP tiECONOI) 
UlLZ • ITAN04~0 ELEMENT THICKNESS 
OEMS • DENSl H 
UFZ • 01FFU810N COEfFICIENT 
!)JAM • UUMETEA 
U5H~ • CRlllCAL SHEAN STRESS FOR U£POS1TlON 
n50 • ~£DIAN B~~ 8EUIMENT DIAMETER (M) 
E~UO! • ERODABlLlTY 
FE~ROR • FATAL EA~UR FLAQ (L*I) 
KIUO • AYOHAUL.IC RAU11J8 
KAY! • LIGHT EXTINCTION CO!fflCIENT Of MAT!R 
~AYl • ~lGHT EXTINCTION OF SUSPENOEU iEOJMENT IN MATER 
t•BED • NUH8EN Of A£0 LAYERS 
NELEM NUMSEN nF ELEMENTS 
PCOEF • flR&T lEAH OF THE P~OTOLYIIS RATE Of CHANi! !UUATION 
PUR • ~OROBJTY 
W11N • iNFLOW OlSCH.t.RGE 
~MOUT • UUTFLO~ DISCHARGE 
wV • VERTICAL UlS~M~RGE 
SCSHH • ~RITlCAL SMEAR STRESS fUR SCUUR 
S~OPf • fNE~~y ON NIVER ijEO SLOPE 
S~IETrl • CONTROL VARIABLE TO SELECT THE METHOD TO BE USI!U 

.. HEN f;1iMPUl11tG THE S"NO C"RRYING C"PAClTY, {IJ't'TE) 

" STI!f:SS • 
SEl!IM£NT t:RUSHIN HATE 
l~fo :!IlEAl! STRESS 
WAlE~'~ ft:'II'ERATLIRE TEMPR 

~IlL 

YSET 
XYSO 

• YOLU"~E 
• PARTICLE ~ETTLINr; VELOCITY 

THICK~ESS UF ToP SEU LAY~R 

CA\.lE~ BYI SEPAlRA 
CAL~SI l!i;:UO!\r ltE".LJ·1l~, CUI.APS, COMfl, LJISOLY, FAI.Lr P~~TlCr ht4Ur 

SEUIME, 9EfUI', SlLCAlr TRISUL 
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00054 
001.155 
0005e 
!llt051 
ooose 
00059 
flOObO 
001.101 
ooou 
00(10) 
00064 
OOOb'S 
1.100"'6 
00067 
ooou 
0006>9 
00070 
ooou 
00072 
uuon 
00074 
00075 
00076 
00071 
00078 
\lOOn 
00080 
001'181 
ooon 
ooou 
00084 
OOQIS 
00086 
000117 
oooae 
000fll9 
00090 
00091 
OOU'H! 
OOO'H 
00094 
0009'5 
00090 
000IIf7 
00098 
00099 
00 I 00 
00101 
OOIOi! 
0010.1 
00104 
11010'5 
00100 
oo I 07 
OOIItl 
IIOIOI!f 

c 

c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
111' 

c 
c 
c 
c 
c 
lllt! 

15106108 PAGE 00002 

LOUlCAL~I fEMRORr ECH04, ECHU7, ECHO&, ECH09 
REAL•I P8AR,P,Hr8 

OJMEH8l0~ A(M~EL!~), ABAR(H~ELEM), OD(IO), ILAYR(J), 'CMXEL!",SJ, 
I R(H(fL!~), I(HX£L(M,]J, IO("XILIMr6)t 
i 8~C~), ~NT(]), Z(MIELEM), 1-IDCMXELEMJ, AMID(MXILIMJ 
l 1 DL0C(MIELE~,MA~C0NJ 1 OEPO(O)r ICOUR(6J, IIOIO(J) 

l"'CI.UUE I JIUt~I:I.COMI 

t1Pt • Nl£t.I!:M t I 
MLI • NELtM • l 

*** PERfORM CALCULATIUNI O~ER THE TIME IT!P DILrD **• 
OfLTD • OfLTH I 16400, 
1)0 (J•l,I'IAXCOH) 

00 (L • lr·'1P1) 
• • RCU • o,o 
• • 1)0 (N • lrlJ 
• • • 8(Lr~) • o.o 
• , • P(L 1 N) • 0,0 
• o •• ,; lN 
• •••'Ito~ 
• 
• 
, 00 {J•I,NELE"I 
, • Rt;Ol • 0,0 

I' u ,Eu, u 
, , • IEL!Cf(JJ 
• • • cu 
, • o • , ftRITU., 111 'JNIJI!0 1NELl"' ULAYR CPU 1 r••a,J) 1ECH07 1 IHETNt AL.f.N, HOUr 
OfLTU 1 0ELZ 1 050,"HA01 POR 1 1LOPi 1 1TREII,TtMPR 1 V0L1 X~IO,· . 

i! CROIEC, ((II (1'1, fill), SU ht, NJ, N•l ,.) , (CC HUM, Nj, COLO (Hr "J, 
J t(I'I 1 N),~il 1 7) 1 ~•t,IOJ 1 (DENI(N),ICI~RCNirVIEf(Nt,X .. 1(N) 1 
4 N•lrJ),(O!POCNJ,ICOU~(N),N•t,~) 

• , , o • ,OHMAT(5X'8!f0~E SAN0 1 5JJ,L2rAI/IO(lOlt0,]/)J 
, , , , , CALl. UNO U8AR 1 ALEN 1 All£ A, 8, HOtY, t:c:tN1 6EL. Tu, O!LZ, 

t. • • • OENI, USO, HRAO, NIIEO, NELE"r POR, QMJN1 VHUUJ, 
Z, , , , • ICSHR 1 SL.IlPt., lttr:Jrt, ltHEII, TIMPM, ~·EY,VOL, -xYIU1 
), • o , OEPII,II.U"' lOr lltr XNfr tOLD, C1 
4, , , • , C5fOifC,UJDrECHOJ, ICOU"J 

• , , , • WAITf(~rllZ0)N~f0 1 N£LE~r(lLATR(NJ 1 N81 1 JJ 1 !CHU7 1 1~£THrALEN,eOJ~r 
t O!L TUoOELZ, 050 1 HlfA0 1PO" riLOP£1 ITii'EUr f!MPR, ~oL;xUu, 
l CR0Sft,((6(~,NJ,SO(M 1 NI 1 N•t 1 6) 1 (CCJN(MrN)rCOL0tMrNI, 
J C(H, ii), -•ia, 7 J ,1-i•l, t OJ, CDENI ("'), ICIHR(NJ, VIET CNJ, XNT (N), 
4 fi•J 1 JJ, (OfPOC~), !'ICIIU~t( 111) ,~•1 r6J 

• , • • , f-O!of;dTcSr•HTEN SA·'Ul•5UrLl11o2/i!O(l01lO,J/J) 
• • , • lftEtHoeJ 
• • , • "HITf(b 1 1000) 

• , , , • ~~ENCtLAT~(I),Lf,O) 
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!JUliO 
00 111 
00112 
001 u 
00114 
00 11 '3 
00 1l f) 
001 11 
oo 11 e 
00 II q 
oouo 
00121 
oo Ill 
OHll 
O•lt zq 
00125 
0 oll2f) 
OOicH 
I)OI'!8 
00 12'1 
IJilllO 
0 Olll 
O•Hl2 
ootn 
OIJIH 
OO!h 
oo 1 .So 
oo tl7 
00 I .SA 
OOIH 
oono 
00141 
oo a ~z 
OOIH 
0\l I <Ill 
ootqs 
U0l16 
l.)fll47 
O\JI48 
II 0 I <;q 

0015CO 
0\J 151 
00 I Sl 
\Jill 'il 
O<J I ':14 
UOISS 
on 156 
of/1'57 
110 I 51.1 
001'5'1 
uo 1 1>0 
110 I~ I 
00 '"'2 
OU I b.S 
00104 
0011>~ 

lOOO 

IOlO 

c 
c 
c 
[ 

I • 

• 
• 

I • 

'· • 
I • 
• 

• 
• 

I. 

'· '· 
• 

I • 

• 

• 
I • 

'· '· 
• 

• 
I • 

• • 
• 

• 
• 

• 
• • 

• 
• • 
• 

• 

• 

• • 
• 

• 
• • 

• 

• • 

• • • 

• 

• 

• 
• 

• 

• 
• 

• 

• 

• 
• 
• 
• 

• 
• 
• 

~RJ Teto, 1010) J, Il.UR{l ),p~Pll( 1 J rO!:POtiiJo suq, 1 Jr JlliH I J t 

• tSI>tllrq),Il•lr~ELEM) ' 
, 000 F1N 

ELSE 
0 "RlTEt0 1 1015J JriLAY~tllriCOUR(IJriR(llrMN!(tlo8CUURt4Jrl~t4~ 

• ••• 1'1111 
FO~~ATt• J• 111Zr' l~AY~•'rllr 1 D(PO•'rfl~o7 1 1 OEPO(tlJ•'• 

• Et5.1,• SO•'rEl5oTr• K~T• 1 oElS.7r5Xr'IDtJrtl)• 1 1 
• (511o8U'io7JJ 

FO~MAT( 1 J• 1 rl2r 1 

, I K~l•'rEl'io7r 1 

o o 0 1'" 1 N 

l~AYR•'rlir 1 SCOUA•IrE15,7 1 t S~••rt15,,, 
ICOURt+J~••r!l5~7r' 8RttlJ••,ttS 1 7) . 

fO~~Af(IOJN TRANSP FO~LO"lNG SANDI) • 
000 FlN 
(2) 

• 
• 
• 
• 

• 

CAL.L Sl~Cl.·HAtiAR, tlr BDIVr CClNr DEL.TOr DEL.Zr PEPTHr Ot.NSo 
IJSI'IF!r ERODE, H~ADr 21 NBEI>rCO\.DrNEL.EM, PliHi OtH~; 
Qr10Vl, SCS11Rr STREUo VS£1r HSOr !>EP0 1 ll.AYM,. 
SOr SH, XNlo C~O&ECr B•UDr 4LI!:No ECHill, "CulJIO 

1F(EC:Htl8) 
·•~JTE{br1020J 
~~EHtl~AYR(2).l.T,Ol 
, ~Rif[(O,l010) Jrl\.A1RtZlrl>fP0(2)o0fP0(5lo80(toZ),KNTt2Jr 
, UDUirS>olhlriiii!:L.fl") . 
,, 1 FlN 
EL.IE 
, ~Rtlflbr1015l JriL.AYRIZlrStOUR(2lr&Rt2J,XNT(ZJoSCUU~t5J,Irit5J 

o , •• FlN 
00 ,FIN 

0 ~OH~ATt 1 0JN TRAN8P FOL.LO~JNG 11Ll 1 J 
, •• FIN 
Ill 

Co\LL &lLCLAto\~._~, a, SOIV• CC1N 1 Of~TOo OELZr UU'lHo OUHir 
n9H!t, EHI.)0f 1 HRAOr 3 1 ~B[O,COLD',Nf~E,;, PURr 'WHlNo 
l.lrt0UT 1 SCSHR, STRESS, YSETr HIO, llfP0 1 11,AYICt 
!i.Jo 9Jo<, KNTr CltOSEC, 8Wl0o A~EN, £CHll7, IICOUH) 

• 

• 

• 

• 

lf(EC11ll6J 
!'IRJTE(t~r lOliJ) 
~HEN(iL.AY~(3).L.T,U) 

~RlT~CbrlUlO) JoiL .. YR(ll,DtPU(llrUEPO(b)rSD(trl),MNTtll• 
• • 

•, ,FIN 
El.SE 

(~IJ(IItbloll•lrNELE~l 

• ~Hllf(b 1 I015) Jol~AY~'3JoSC01JH(J)oSR(]loKNTtl)o8LUUR~b)o~H~bJ 
• • ,I'" I >I 

0 0 , F IN 
, FU~~ATt'ol~ T~ANSP FOLLU~lNG (SlLTJ tLAY 1 J 

• • •• ,r 1" 
• • o of" l N 

, , 0 0 F 1•1 
C:IJNUJTI!J11AL 

o {J oLEo 3) 
, , , ~~~l~(brllll)T 1 J,NlLEM 1 ALtN 1 DlLTU 1 ALFAr~ETAoVEL1oVELZ, 

I <JEl.Zoi!E.I"II! 1 1>F.T Alo ;>,E_J Ao! 1 ( (tr:JII(f• 1 1•) 1 1~1!1 1 ll 1 (SO(I'i 1 'i) 1 
2 ..111} 1 b), -tiAR ( •') 1 I<Hl N ( '1) 1 '~tllill T ~,-1) 1 •JV {r-.1 1 rHq \) (NJ 1 ~\tlll)(l~l 1 
.S "~•1 1 10) 1 t Sid'') r'"'l 1 1'!1, ( ~Sll (rt} 1 "'•1 1 lJ 
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{Flft3 VlRbiON 22,4~) 1510A1Q~ PAGf 0000~ 

OOII>t. 
O\llb7 
0\.1 11>8 
llO tbq 
00170 
no17t 
Of! I 72 
11011) 
out H 
OOI1S 
0 0 t 10 
0 ~ 117 
~<il1r; 
Of)l1q 
IJI) 1 FlO 
00 1 A I 
no 1 !12 
1)011Jl 
1}011!11 
00lt!5 
O•JIBb 
00 I !:17 
00 I 06 
001 1'19 
\.1\1190 
OOIYt 
ll•JI92 
00\91 
Oil 194 
001 <oS 
out <o6 
OH I 'H 
00\91! 
OOI'Oq 
OOi?OO 
ouco 1 
0020l 
{1~21Jl 

(JOiU/4 
(I 0205 
VU200 
0 0207 
OUi?llf! 
oozoq 
Ol12l 0 
00211 
00212 
002 1l 
ooz I" 
0021S 
00210 
00211 
011218 
•'021 q 
oouo 
1)(1.!21 

1117 

c 
' ' c 
111 e 

I SOU 

1510 

1520 

1510 

' c 

• f uRM.t. T ('>).'~HOkE SE.UlME 'll312U ( 1 Ot.l 0, 3/)) 
CALL ~tUIMEtAHAR, ALtN, CClN 1 PlLTDo lr Jo NELfMr ~HlNr 

t. o.JHUUT 1 iJV 1 SO, 801, ALF'- 1 ltETA, VELI, Vt.L2,V~E.Ir 
2, DtLZo BW1D 1 A~IU 1 D£PTH 1 SET'-lr 8~T.t.il 

, , , o w~llltbrlliBJl,JrNELEM,.LE.N,OELTDrA(,.,~El•rVELirYELl, 
I UELZ 1 UEPTH 1 ~rT.t.l 1 bETA2ri(CCJN(~,~),N•I,7Jr(8D(H 1 N)r 
2 ~•lrb)rA~AA(~·) 1 YH1N{M),QHOUl(~l,QV(~) 1 6wtOt~}r.t.~J0(~), 
l ~•1 1 10l 1 (SPI~),M•I 1 bJr(V5ET(~),M•1rl1 

• 
I • 

'· '· 
• 

• 
I • 

'· '· '. 

• 

• 
• 

• 

FDRMATIS•••fT!A SEOJME 1 llillO(IOElO,JI)) 
JF(~CtiU8) ~~ITE(b,ISOO) 

• FUii~ATC'OlN T~ANSP FOLLO~IN~ &EDIMf 1 ) 

0 00 F IN 
tJ ,liE, 

CALL ,, ~ ,4N0 0 J 0 LE 0 6) 
PA~TIC(A9AH 1 ALEN, ij, C1 CC1N 1 CULD 1 O!C~Y, DELT0 1 O~Z, 
J 1 Nf:IEli 1 NEl!l'lr <iiHUUTr !iiMlNr liiVr SORIIKr 80, Sli," AI,.I'".Ai IIE!Ar 

V~LI, VEL2rVS£T, ~ELZr VEPTH,IIWlOrA~Ib, 
i!Er•lr BETAZ, 080H8, OLOCJ 

lf(tC~U8l ~HilE(brl5IOJ 
, FU~<~AJ(IOJU T!UNSI' FOLLUiollNG PAHT1C 1) 
,,,Fir. 
(J ,Ew. 

CtLL 
1l 
DI$ULV(AKAA 1 ~. BDJV 1 C1 CC1N 1 COLOr DEtAYr OELZr 

U!LTI.lr OENS, OU1'1 1 J, t~.AVI, )(AY2, NELlio!,tH:I~Or 
PCUH, POM 1 OHJNr foiHOUT 1 UYr IOHBKr ALFA 1 EIET.t.r HL1r 
YEL2 1 llt.TAI, f:IETAl 1 Of.Pu,· SCOUR, BEoSo, XYSOo UEJ.,

OSURil1 OLOCJ 
lfi~C~U6) ~~ITEt6r1520) CSEVSOill),II•Ir3J 

, FOAMAII'OIN TRANSP FOLLU~ING DJSOLV 
000 FIN 

• • •' P' 
lF(fCHOlll ~Niff(b,I5:SOJ VELl,VEL2 
Fi.Hh~AT( 1 Vt:LI •'r!.1So7rlOX, 1 VELl •'rU5,7) 

u• Cllt-o!HHUCT THE FINITE t.U~'~ENT MATFIJCEI FUR EACH LAYER *** 
~HEN (J,LE,l) Ol,USE • OfZ(J) 
ELSt ~lFUSE • OFZtJ•l) 
00(}) • OlFUSEI(D!LZ*DE.lll 
VO(l) • 6,Q • OELZ 
DDIJ) • (VELi • '*• * VElll I DD{Zl 
OO(ii) • (~tll t 2, t VEL2l I U{)(Z) 
Ull(~) • (l, • V~Ll t VE.lil I DU(ll 
l)O(b) • (4, • VE.Li VEL1l I IJD(2l 
llD(f) • ALFA 
lJO(ij) • 6ETA 
lJDI'H • BEHI 
OLJ(lO) c l.IET,i.l 
IF lECHiJII) 

"Al lU~>,Z'JOOl 
2501J FORMAT( I 0 1' ,I Xr 0 J I ,t.Xo 0[10(1)' 1 H., 'D0ti!) I 1 7Xr 'Ull()) I 1 7k 1 'O()(Ij) I ,J 

2(100 

c 

1. ~.•oot5l'r7Xr'DU£bl 1 ,7x, •ooC7l'r7~.•uotll 1 r7•,•oot9J•,7x,•v~tiu)•) 
~RITtlb 1 ?UOOlirJ 1 ({10(JJ,~•1riO) -

• ~O~~Al(!X 1 1J 1 1X,I1,1Xrl0(1PE12,4l) 
• .. ~ J N 

VEL E ~tllll"E.LZ 
lF(l,t!•,'~f.Ltill VEL..,~t.L.UOE.Ll 
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lfltCS VERSJON i!l 1 4e) 15108108 PAll OUOOS 

OOZZ2 
00221 
00224 
oozas 
O"i!le 
OOilT 
OIJ2l8 
OOll' 
002)0 
OOUI 
0023l 
00.!3) 
Qfi,U4 
Ofli!i5 
OOllt! 
00211 
UOi!J8 
092J'il 
00240 
0U24l 
"OUl 
0024) 
UOilflt 
Oil US 
002U 
00241 
ou2~e 
ooan 
00250 
!)Oi!51 
002'52 
00l5J 
00254 
IJ!)i!55 
OOZ':iO 
t.l0i!'5T 
1'10258 
00259 
0021!10 
1}02111 
UOlU 
UOi!bJ 
00lb4 
002b5 
002foflo 
OOlbJ 
OOZile 
OO.i69 
00270 
00211 
110212 
00213 
00214 
00275 

c 

c 

5161 

516l 

c 
uu 

c 
ll •• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• •• 
• 

'· • 
• 
• 
• 
• 
• 
• 

, ~lOlH • Awi~(J) 
, CALL IETUP(It DOt P, It R, VlLrN!LlM,lCH04 1 WlDTHJ 
,,,fiN 

HALfD • OlLTO I z,o 
DO (L • l,HPlJ 
, IULJ • fUL) * I:II::LlD 
, ZCLJ • ClL,JJ 
, OU (N • l•]) 
, , ~~ • IILrNJ•HALfD 
, , ~BAR • P(L,NJ t Pl 
, , •tLrHJ • P(L,NJ • PI 
, , ~(LrN) • P8AR 
, .. ,,IN 
...,.~-

If (f:CH04) 
, trfiU1U•rS760J 
, fURMATt' 6lFORE COH8************8lfOR! COHI**'J 
, ;.Nlll(.,ShU 
, fQR~AT(IO~OD!' 1 floX,IP(I 1 l)t,IOX 1 tPII 1 l)l 1 lOX 1 1P(I 1 ))t 1 tOX 1 , •au, u ~, ux, •au,zJ 1, a ox, •su,JJ •, au, 'ZUJ 1, tax; ••uu 1' 
, ~RJTE(6 1 S1.2JClr(P(I,KJtK•t,JJ,tiCl,kJ,k•ltSJtZtiJ 1 .(llt 
, I•ltHPI J -
, fO~MAl{lXriZ 1 lPIE16.SJ 
,..FIN 
W~lTE($,llllJNPlt((I(M,NJ,N•t,J),I{MJ,~(HJrM•Itl0) 
FONMATiSX'~!fOME CON81JJIJ0(10(lO,JIJ) 
CALL C0MII{I1P(, 1, lr ~) 
~NlTf(flo 1 1114)~Pt 1 ((1(M,~J,N•I 1 l) 1 Z("J 1 ~(M) 1 M•lt10) 
FONHATCSXIAFfE~ C0~8'1J/IO(lO!I0 0 Ji)J 
tf (f:CM04) trfMJlEt•rflo000)(R(LJ 1 ~•1tMP1) 

lltOtiO , 
c • 

FO~MAT(t R AffE~ C0"8'r1(1PEI2,4,iXJ) 

c 
c 
c 
1 Ill 

c 
Utl 
c 

c 

• 
• 
• 
• 
• 
• 
• 

• 

*** IOLVf THE S~llfM OF E~UATIONI IT 8AUIIIAN ELIMINATJON ••• 

~AJTE(flo,llliJ~Pt,P(i,lJ,P(t,zJtP(lrlJ 1 (R[MJ,M•Ir10J 
FOitH4T (511 I!Jff'O~E Tid SOL t U/1 0 ( toUo,JI) J 
CALL T~liOLl~Pt,P(l,l), PClrlJ, PCltl),RJ 
WA1TE(6 1 111lJ"PI 1 P(l,I),P(1 1 l) 1 P(I,JJ 1 (A(MJ,M•lrlOJ 
FO~MATlSK'&FfER TAtiUL 1 JJ/tOCIOEIO,J/JJ 

DO U•I 1 MPI) 
, ULUC(J,JJ•Ctl,JJ 
, C[J,JJ•kOJ 

···'*"' C0"PUT~•CfLL•CE~lE~EO•VALUE8 

• .......... 
CALL tt£0~18(8, tJUJV, HEJ>, COLD, OEI.lDt n(LZ, DENIIt 

1 f!:fi'IHJN, 1LAVIf, NtJft.) 1 "'ELE-., PUN, llf'l~ 1 KYI0 1 
l OI:.P~~. SC•JUH, !tEOSIJ) 

IftDEC4Y(lJ.GT,0 0 U) CALL ti£1lll"(li 1 UECAY 10(LTO,Nit!:ilJ 
~ETUAPI . 

---······--·····------------·-----··--·-
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(FL.ECS VERSION il 1 ~·) 

00270 
Olli17 
O!lilti 
00279 
00~80 
OOZ8l 
0Ul8Z 
oozu 
00284 
o028S 
OOC&O 
OOliJ7 
OOldll 
0021:1'1 
00290 
OOi!'fl 
002CJl 
00l~3 

c 
c 
c 
c 

uoo 

fo300 

• 
• 
• 

••• t~~LAPSf THE NODAL VALU£8 OF C 1~10 Cf~L CINT(MIO YALU!I 
lH COLU *** 

I 00 (l•l,NILf~) 
• I COLP((,J) • (C(J,J) t Clltt,JJ)IZ, .......... 
1 FOM~AT(t C IN PPOCEDUME 1• 1 1 IZ 1 ZX 1 1P711~ 1 4) 
I JF (tCH04) 
I • lF(~.EQ,MAXCUN) 

• -AlTE(.,.zoO)(I,lC(JtJJJ,JJ•l,MAXCUNJ,I•ltHPlJ 
• 1 1 WRJTEl•r•lOOJ(IrlChLD(l,JJJ,JJ•l,MAXCU~)tl•t,NIL!HJ 
1 1 I I tf JJrrt 

If I Flit 
• FUM~lft' COLO l~ PMOC!DR! I•',IZ,ZX,IPTfl.,4J 
111 FJN 

"" 
•••••••••••••••••••••••••••••••••••••••• 

P~OC£DUR£ CAOII•R!FERENCE TAIL[ 

00270 COMPUTf•CELL•CENTEAEU•VALU£1 
oozu 

··-····-································ 
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0 ()tll'll 
OOOQi 
f)UOO] 
Q(ll)fJ4 
OOOQS 
0000#.1 
nooo7 
OliiJO!l 

OOOO'l 
OOOIQ 
00011 
0(1012 
fi(HJ IJ 
nu(ll4 
00015 
OOOlb 
liOO 17 
Of'!OJ8 
0001~ 

00021J 
fl0021 
0(1!122 
OOoi'J 
0002(1 
0U025 
Ot' ~2b 
00027 
000.26 
00(),29 
01){)]0 
OOO!I 
00032 
OOOH 
00031i 
Oll03S 
O!Jfl'b 
000 31 
I)()()JI\ 

flflOH 
\IOU II 0 
tHIIJ<tl 
OliOQ2 
tlliOIJ J 
()(/!)ljlj 

OOO'.i5. 
0()04b 
(IU0«7 
01•0411 
001!119 
tl0fl50 
00051 
flOO'ii! 
ooosJ 

15106125 PAGE 00001 

·---------·---------····--··------------

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 
c 
c 
c 

c 
c 

c 

SUUROUTINt T~HDATCECHO, HL.OER~, ~ElfM, NTR188 1 NUMfRR, 
I SIML.Efl, TRBOPT) 

TKTS HOUTINf 19 RESPONSJ~LE FOR READING AND PHOCE88lNG TH! 
TPJ~UlARY JNFLOI'I MASS FLU~ tJAU. THE DATA U READ P'ROH 
THE INPUT SIREAM tLUN 1J ANO WRJrTEN TO 1 TRJ8UTU't',Tf'll"' (I,.UN 7) 
fO~ USE UU~iNG THE SIMULATJON 0 

FURHAL PARAMETERS! 
ECHO • LJNE PRINTER ECHO UPTJUN CONTMOL VARJAK~! t~•IJ 
HLUEHR • HOLDl~!i AFIRAY Fur;~ ERRO'f ~UMIJERS (8Yl[} 
NELEI'I • NUfiHER tJF VENT I CAL ELEMENTS 

NOTEI NELEM 15 LATE~ FIEDEFJNEU JN HYOOAT 
~TF!l~S • NUMHER Uf TRl~UTARlES (0 OA 1} -
NUHfRH • NU"'BER UF INPUT fR~URS 
&I~U:N • 91NULAT10N L.EHGTH (8ECONUS • J•l4) 
THSUPT • TRiti!!TARV INI'Vl CONT~OL ORU8LE 

CALLED ~YI SERATRA 
C~LLSI PVrEMR 

INCL\JilE •t;LMSIZ.PHr11 

bYTE fiLUENIHIOO) 

JIJf[GEfu·.? TFo'I:IOPT 

LllGIColL*I ECHO 

oooolRlbUTA~Y INFLOW ~ASS fLU~ 

FIRST RtCDROooo•o 

COt. I• 5. 0 oNTHIU5ooooNUMBER or TRl8UlARitS (0 OR IJ 
8•10 00 oliHlllPlo o o. TRIBUTARY INPUT- OPTJOrl 

IF (NTf<It15 .cr. oJ 
Jf(tCHU) ~lllT[(b,U) 

•o, Tl1f USE.f' ~<~ANTS 'rHE MODEL TO 
DISTRIBUTE THE MAS8 FL.UK THHU 
THE t.:l.EI'IENTA, 

•I' THE USEH "ILL SUPPLY THE 
MASS ;Lu• VALUES ~OH t~CH ELEMENT 
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I)U O'l<J 
UOO':iS 
OOVSb 
00 057 
Q[)OSS 
OClOSII 
()\}f)biJ 

n1lOo I 
00062 
QIJ Of,] 

OOI!Ii'l 
00 l'lliS 
OD 111.0 
(l(j(l~ 7 
oouos 
01)0~9 

ouo7o 
00071 
UU07i! 
00073 
Oo074 
001.175 
Q007b 
t'1007' 
00076 
0(10H 
000!10 
000-'1 
00 Oll2 
ooon 
0001;!4 
00~65 

OOOI'b 
000117 
000~6 

tH•I}eGJ 
()()()')() 
UOO'H 
(l(li)GJl 

OOOH 
•J ooqu 
oooqs 
OllOQb 
OtiOQ? 
Ol'll1GI6 

OOOQGI 
Oil loU 
UH01 
llil\OC 
OOIOJ 
IJOIOJI 
00 t ll5 
00 I Ob 
00107 
ootoe 
Otlt (IQ 

' c 
c 
c 
c 
c 

c 

c 
' ' c 
' c 
' c 
c 
c 
c 
c 
c 

' c 
c 
c 
c 
c 
c 
c 

c 

c 
I 

' ' 
' 

REPf~T UNTIL (t~DliM ,tW, •GIQGJGI) 

• 
• • CA.kD li•R 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CULo l•lD,,,ENDllM •• ,,fNijlNG TIME fOR THE DATA TMAT fDLLU~a. 
- ~ALUE OF .q9~9 TEAMl~Afl~ lHE OATA 

(!JECO~O!Il • 

• 

• 

• 

• 

~ECUHU T~0, 0 , 010 ,THlllUTA.HY HASS fLUX A.NO DEPTH 
*******~** CAUTION ********** 

COLo 

THt MA.SS 'LUk U~lTS AHt OJ~f[HENT fHOH THUS! OF 
llllTlAL ~A.TEH AND UPSTAEA.~ ~AlE~ CONC[NTRATl0~8 0 
HADIO~lUCLIOE IS PC/SEC,. PE8TIClDE. J5 KGiSEC, 
8EOIM£~T IS KG/SEC 
****~****• C~UTION *****--*** 

1•10, 00 CTHR(t 1 1) 000 MASS ~LUX 0~ IANU (KQI"**]]t(H*•liS!CJ 
11•20,,,CJ~ij(Jr2)oooMA5S FLVk 0~ SILT 
21•lO,,.CTR8(lr]loooH~S$ ,LU~ OF CLAY 
31•QO,,,CT~A(JrQ) 0 ,,MA5S ~LUK 0~ tONTAMJNANl ASSOClATtU 

~1111 SAND (PCIKG)t(KG/~·*l)t(M**llitCJ 
111•50,.,CTHR(J,!i),.,MASS FLUX 0, CONTAMINANt AUOCUlt.\)

WITH UL. T 
51•b0,, 0 CTA~(Jr6),,,HA.8S FLUX Of CONTAMINANT A8SOr.lA.Tt0 

1'11111 CLU 
01 .. 7o, .. CTAR(,J,1),.,MAU FL.UX 0, OUSUI.VED CONTA"'INA.'-!f 

[PC/Mt*)lt(M*tl/SEC) 

OjHEN [ IRI\OPl ,f.:CI 0 0) N • 1 
tLSE N • NhEH 
UO <J•lr'll 

REAll(lrll (CTR!I(Joi),Jal 1MAXCUNJ 
IF (ECHO) 
, '"~IIE(br 51 t:t-~DTI"', (tTR!I(J, Il, l•lri'IAXCON) 

• ••• f'Jo.j 
o 00 flN 
>IHl T£(1) EfiLJTIMr { (CTRd(Jr IJ, Ulr7lrJ•iol'll 
PA[TlP'I • ENOTIM • • 

.,,~'"IN 

,,,fiN. 
HE,.lNO 1 

0 Jf (PRETl"' .L 1, SlMLENJ CALl. P!JlEIHH23, NUiifRRr HLDERA) 
• ,.FIN 

FUR'~A.1(7F10,U) 

FORI'\A.l(i!l';iJ 
FO""~AI(1H0,4)( 0 1TflhiUTA~V IJ4H'IlUXrl5r'r .. ~·tH.JHflt'~ Uf TRII\UUHlElP 

1 /lUXrlS,' 000 TI<JiliJTA.~V INPUT trJr-.Tf.!O_L·-9ARIAal.f.' J 
FOIHAT ( 11'10 1 •E~•Ol~r, Tllll' ol llo .Hlll~ 'tONto U~ I rtlli) r J( 1Xr 'CONt.' 

I 1 ASSllC,•,i!Oo2•r'CONT4'1lNMrf•,7x, 1 FLllo1'/ll•,•SUSt'ENI.IEO SAr.iVI 
2 ,t'll, '5USf'E;1Llt:O Slll',P, 1 SlJSPI::;rlDEO CLA.Y 1

1 ]X, 1·•UTH SANOI,f>)l, 

8.123 



00110 
U0111 
00112 
Ot11l J 
OOtl~ 

011115 

• • c 

1510IIl5 PAGE 00003 

l IW)TH IJLTt,&x,tWJTH CLAY' 1 4X,'O)IIOLV(U t0NC 1 tlX, 
.II I (11UJ/l!C) I) 
,DA~llClXtll0,2•,7(1PEIZ,5t3XJtiP!1Z,SJ 
FriR~AtlllU) 

••• 
(fLfCS V!ASIQN Zl,40J 

····---·······-························· 
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O{IOQI 
OOODZ 
00001 
00()011 
00005 
OtfOO. 
00001 
00001! 
ooon 
00010 
000l1 
00012 
000 1) 
0001"1 
0001'5 
0001. 
00017 
00018 
00019 
00020 
Otl021 
00022 
0002l 
Ott024 
OU025 
U002ft 
00027 
00028 
000l9 
OOOJO 
00011 
ooo:u 
OOOH 
000)4 
00015 
OOO)fo 
00037 
000]8 
ooon 
00040 
OOOlll 
11004l 
OD043 
00044 
tl00jj5 
000110 
!t00fl7 
OOt\116 
OOOliCJ 
000'51.1 
00051 
1.10052 
0005] 

IStOStll P~G£ 00001 

········································ 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
' c 
c 

' c 
c 
' ' c 
' ' 
' 
c 
c 
t 

t 

t 
c 

' ' c 

100 

StJBROUTINti. TR~FLO(CTHIJ, CTRJB, £NOTRB, ETIHE1 ,IJI~OR, O!!:PTH, 
U'ELEtl, ~>~EWIH 1 ~hlRtl, QHIJII, TM&OPt1 OtPI'IINJ 

NHEN TH~N£ IS A T~J~UTAR~ TO THE SEGMENT THIS IUtADUTINI II 
Co\LUO UCH THIE BTEP TO RUD THE Oo\T,t, FROH I.UN 1 
WHJC~ W~S •MITTEN i!Y SURROUTINE TRBO,t,T 1 

,OHHAL PARAM£TfRSt 
CTHa· • REOISlRI~UTED CONCENTRATIONS 
ClAIR • URIGJNAL TRJIUTAMY HA81 fLU• 
lNDTH8 • ENDING TIHE D' THE CURRENT TRIBUTAkY DATA (1*4) 
lTJH£ • ELAPSED TIME 0' THE SIMUL~TlON ll'4) 
fEHRUR • FATAL ERROR PLAG 
NEL.!H • NU~BE~ OF ELfM(NTI 

CAUTIO~I NtLEM HAl B!(H MEDEFJNED IN HTOOAT 
SINCE ITI IJIE IN TRiOAl 

N(WQl • hEN QHJN DATA 'LAG tL•IJ 
N(~f~9 • NEN TRIBUtARY DATA 'LAQ (L*I) 
WHJN • l~FL~W TO CURRENT S!GHENT 
lRBOPT • TRI~UTARY INPUT OPTION CONTROL VAMJAILl (l•Z) 

CALLEr> 8YI UAAliU 

INCLUDE 'SYtlLMSIZ,PRM 1 

INTE;EP*l TABOPT 

JNTEGtH•4 ENOTMS,lTJH£ 

LOGJCAL*l NE•TM8,~(WQI,,lRROR 

D I MENU ON CTRtl ( lliii£LE M, MA •cON), C 1ft 18 ( M.lXCCN) 1 "HIN (MULEM I 

tlEMTR8 • oFAL.Uo 
IF tEllHE ,&T, ENDT~B) 
, tlE~lMB • ,TRU£ 0 

MEPEAT UN11L.t£TJHE ,LEo ENOTR81 
• , CONTINUE 

~HEN (lftijUPl ,(Q 0 0) 
• NEAOC7,£N0•200J EN~TM8r <CTWli(JJ,J•&,MAKCON) 
, 0 ,, 0 fiN 

• ELSE MEA0(7,ENO•ZOO) ENPT~ar((CTR8(J 1 J) 1 J•lrMAXtON)r1•1 1 NfLfMl 
0 01 ,FIN 
,,,FlN 
IF (DEPTH ,LEo ll£Jl~ilt0 RETURN 
IF (lkiiOPT ,tU, 0 .~tHl, (Ni.WHI8 00R, N[Wfoll)) 

I.IHlt.lT • o, n 
00 U•1 1 NELEt1) tlUTnl a QHTOT + QHltHlJ 

• U* VtSTRl!JIJlE Tt11:. 'US$ fLU)!; THHOUGHUUT THe. EI.U\EtH8 *** 
NOII:I Ur~llS ,I,~~ • 

&EUI~ENT IHO/SEC 
P~HliCULATE PC18Et UH KG/SEC 

• DISSOL~E~ PC/!Et 
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(FLU;S VERSJOt~ U,46J l510el}2 PAG~ OOOOZ 

0005"1 
OOOS'i 
0 !I05b 
00057 
Oil O'ifl 
ooor;q 
O•JofoO 
00 [}61 
OOObZ 
O'lOE,} 
0006'1 
000&5 
000&6 
0 (l(lf, 1 
oooot! 

c 
zoo 

' 

• 
DO (K•l,!1,U'CON) 

00 th1,NELE11) 
• tTRKfl 1 K) • CT~lH(K) * QHIN{l) I QHTOT 

• •• ,FIN 
• ,,,FIN 
111 FJN 
HE ruR•j 

CONTI NUl 
FERR!lR • • TRUE, 
wRJTEtbd J 
FORMAT(lOii, •FAToi.L ERRnH • fiUHUURY OAU EICHAUSTEOIJ 
RE.TURN 

-~····-·······················~·-······· 
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OOOill 
1)0002 
OOoJCll 
OOOfHI 
uuoos 
00001:1 
IJ\1007 
uuooa 
110009 
00010 
•JOOll 
1)0 1}12 
000 1l 
uoot~ 

00015 
000 lb 
000\1 
00016 
uo o I 9 
ooo2~"~ 

00021 
0 00l2 
uoo.n 
0 00211 
00 02'3 
00020 
00 027 
1)1)1)211 

000o:'9 

c 
c 

c 

c 

c 

' c 

' ' ' 

' 

1~1061l~ PAGE 00001 

SIJIHWi.JliNf. llllSOLPIPI,UirO,OlrRl 
C~LLED ~y TRANSP, 
liSEO IN ORIGI <AL VERSJUN Of S!RURA. 
INCLUDE 1 ~.L~~<SIZ,PRM 1 

REAL•d D,R,fJ\,02 
JIMENStUN Q(M~ELEM)r Dl(~~lLE~Jr Ol(MXELEM)r N(MXELEM) 

IHHhlr~P 
OIO•UI(Jl/o~lll 
D(ltl)cPtl+ll•D2(ll*DlD 
R(lti)•R(ltll•R(J)•DtD 

• o , F I" 

R(Nhfl('ll)/0(11) 
00 (l•lrNl) 

K•'f•l 
0 R(K)a(~(K)-~Z(Kl*R[Kt)))/D(Kl 

;. • ,FIN 

AE_ TURN 
[NO 
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110001 
00002 
OOOUl 
UOOOII 
00005 
OOOOb 
0001)1 
00008 
1)0009 
00010 
tiOO II 
00012 
oootJ 
00014 
t)0015 
UOOib 
Otl0l1 
00018 
00019 
00020 
00021 
ooozz 
0002! 
000l4 
ooozs 
OOOi!!b 
ooo,n 
00028 
oouzq 
OOOlO 
00011 
00032 
OOOlJ 
1)1)0)4 

00015 
OOilJfJ 
000}7 
00038 
OOOH 
00040 
000111 
00042 
oonqJ 
0110114 
000115 
OOD4b 
ooo,.7 
000411 
ooooq 
00050 
00051 
ouosz 
0005] 

•••••••••••••••••••••••••••••••••••••••• 

c 
c 
c 
c 
c 
c 

t 
c 

c 
c 
c 

10 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
t 

8UifA(JU l 1 N£ TRflP08 ( Af'AR, AREA, AW 10, AL£N, tWI O, P!LI, !L, 
1 I£L~,N£LEM,~IAH(A,V0LJ 

THIS 8UBRDUTIN! CO~I(RVE THE VRn88 CRAII•IECTINAL AR!A AI A FUNCTION 
OF OfPTH OURING THE CUNYE~IJON OF THf REAL CAbll•ltCTlDN TO Ill 
IP£ALlZ£P RECTILINEAR IHAPE, 

UIH018ION A6AR(tl~fLF.MJ, ARU(H~ELEHJ, Alrii0(M~!UI'IJ 1 
I lhiJI)(MJC.ElUI), f:L(I'I)I£lEMJr 1ELM(HkfLIMJ, 
2 )18AREA(H)I£L£H) 

KLEN•1 1 /ALEN 
1EL TDPiiO£Ll 
lri6•AH£A(1J•BLEN 
8111fO(JJ•IIIti 
AHAB•(Irl8tAR£A(2J•~LEN)•(EL(2)•ELt1JJ/2 1 
.llo'ltB•O• 
lHt•l 

DETERMINE LOCATION OF TOP NOOE WITH R!IPECT TO DRJ&INA~ DATA 

OO(I•lrNIL!H) 
• OO(J•trM)IfLE/'1•1) 
• .lf(E.LTOP 1 GE. EL(JJ eANDe (\,TOP ,\.(, ELC.J+UJ 
• • !ft•EL(J} 
• • • ET•EL(Jtl) 
• • • lriB•A~EACJl•SLE~ 
• 1 • IIT•Aki!.&(J+l>*8LEH 

1 • NT•.J 
• 1 lELH(!J•J 
• • • ~o To 10 
• I ···'IN 

••• fll't 
CONTINUE 

• 
• 
• 
• 

• 
• 

• 

• 
• 
• 
• 

liNEARLY IIIITERPOLATE llilOTH AT El.EH(NT'S TOP fiiUOE 

WTOP•wft t (ELTOP•E~)~(WT•WB)/CET•f8) 

·uSUME TRAPZDJOI\l SIUPEI TO Ffi~D CRDIS•UCTIONAL AI'EAI 

ARAT•(WTtWTOP)•CET•ELTOPJ/2 1 

A~KT•t~TOPt~~)•(ELTOP•E6J/i, 

OETE~.,lNE If N["' ELEMENT SURP'ACES HA\IE 8HN FOtJNO TO 
(AJ liE WITHIN A SlNGL~ DATA SET 
(KJ LIE I~ SlQUt~TIAL OATA SfT~r o~ 
(CJ SE SEPAifATEO bY' ONE ltA MORE OAU SHS 
fIN ALL Yr F0~•1 THE CROSS•SECT IONAL ANE.t. 
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oonq 
1.100'55 
1'111056-
0110'57 
uoosa 
1)005, 
0006-U 
ooou 
0006-l 
OUOo] 
0006>4 
000115 
1)00h 
000&7 
UOOI!R 
OUOO'J 
00070 
000 l1 
uoou 
ooon 
00074 
0007'1 
OOOh 
00017 
00078 
00019 
ouugu 

' ' c 

c 
c 
' 

• 
• 
• 

• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 

• 

IHDJCaNT•tW 
Jf(INOIC ,E.Wo 0) lt&AREAU)aARtiT•ARIJ8 
If (JNDJC ,Gf, l) •&AREA{J)aAQMf+ARAS 
Tf llN~JC .Gf, l1 
• X5Atlao, 
• [ltl(1Ja,.Rti,NT•1J 

• XIARaK8AHt(AR£A(IJ)tAM£Alii+1))*CfL(Jl+lJ•lL(II))*8~EH/Z, 
• ,,,fJN -
• XSAN(A(J)a)(S.H[A(J)+kSAM 
,,,fiN 

D£TER"IN£ AVERAGE VlRTJCA~ P~OJECTJON, AVERA&£ WIOTH, RlAL •IDTH,VULUM 

A~I~(IJaXSAR£A(1}/DELZ 
A~AH(JJaA-10(l)*AL£N 
!llllDU+IJ•'nTIJP 
YUL•VOL+XSAREA(l)*Al(N 

OYER~RITE INITIAL lNfORHATlON fOR NEXT £L£M£NT 

EL TOPaEL fOP+IlELl 
ARA8aAMAT 
,t.~ttl:laA~<hiT 

NPlaNT 
•, • FJN 
kETllffN 

'" 

······---·······················-·-····· 
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(fL£C9 VERSION 2l.~&) 

·····-··--·-·······---------·--~--------
011 Olll 
0001\2 c 
Llll003 C: 
000011 c: 
000£,5 c 
0000& c 
1}0007 c 
00006 c 
00009 c 
00010 c 
ooott c 
00012 c 
00013 c 
000111 c 
OUOlS (; 
00016 c 
ooo 1 7 
0001~ c 
00019 
00020 c 
00021 
00022 c 
0002J 
0002'1 c 
00025 
(10026 c 
0 ~ 1)2 7 
00026 c 
(loo.?9 
00031.1 c 
00031 c 
001.112 c 
t•OOH 
01)0311 c 
UOOJS C 
ono 36 C 
00037 ' 
UrJOJA C 
OllOH C 
llllO uo t: 
ooou I C 
00llU2 
1)(10/i] C 
QOll<ll! 
000~5 c 
OilOUb C 
OOOH C 
OOO~A C 
1)00<1\i c 
0~05u C 
1)0051 c 
000'52 c 
00053 c 

SlltlROtJTINt. UF'Sl•AHfCHO, HLOE~R, NUMERR, SIMLEN,Uio!ID,UELJ 

THIS ROtJT!Nt. IS RI;SPfiNSJtilE fOR RE.t,OJNG THE UPITAfAH INPI.O)j 
CO,~Dll!ON8 ttl 8f.:bii[NT lo TH~ OATA IS R!;.t,Q ,ltOtt tHf: JNPIUT ITAf.t,l'l 
CLUN I) AND TI"IEI·• i<jRJTrt:N TO ~DUHMY.DT1' (I.UN l) f'DR SU88EQU£NT 
US( OliRlr<~ THr Sl11lJl UION. 

F'OfcMAl F'AHAilflEIISI 
ECHO • Ll>Jf PWIIHER fC~O (lF'JION CONTRrJL VAIUA6L! H.•t> 
HLOtr:l~ • HOLOJNG A~R4Y FO~ ER~OR NUHij[R8 tHYTE) 
NUMEHH • N!JMIH R OF' INPUT ERROr:IS 
SJMLEN • Sl··11JLA'XWf LENGT~ t8ECONOS • l•4J 

CALLED HYI S[RAThA 
CAUSI PUTEHR 

It;CLUOt 1 1!:LMSI l. P'!l1 1 

t!HE HLDE .. HClOO) 

LUGICAL•t ECHO 

RE~JND 2 

IP (ECHO) ~Rilt{6,6l 

•ooooUPSTHE~~ JlcFl.O>~ CIHOJTJONS TO SEGMENT 1 

REPEH U~TJl ([IIOTlM .E'~o .qqqc;n 

.. 

• 

(li If • 0 o o o 
1•1U 000 ENDTI~ 0000 ENni~G TIME FOH DATA THAT 'Oli.O~S • 

A 'WAl.UE OF •'il'lQf TI!IH1INAtES HiE DATA 0 

tSECO•;OS) 
11•1~ 000 NM••••••••~UMOER OF ELE~~NTS 

I0•25,ooUt1ff>TH 000 F.l.fUTION OF F~Ef SURFACE •BullE I!ED 

AEA0£1,5) ~NilTlM, lcH, IIOF.PTH 

lfiENOTl~ .~E. •'ii9Q~) 

• 
HtCDAU TW•J.,, ••• ~ATEH CIINDJTIONS. U~E CARll 15 REAli FOH E.t,CH NUUt. 

THE IJillTS OF THE CONTAI'IJIU"Jl COiwCEkTRAllO~Ifl IJEf't:.NI} 
UPON TrlE TyP[ OF CUNTA,I'-IAI~T (AADJONUJ;LJOt. •• PC/I'oG 
IJJ.i PEHICJOE 00 1'Jl/IO;G) 0 THE PAifA.~t. TERS iHt HE ALl l,.:j 
THE FOl,.II~I"JG OHLlf~l 

I'A.H··ETEH 1., 0 (;0\ICf'H!.AllO>l UF' Shin (KG/rUJ) 
?, •• COICE.JT"~ll(J"' (If Sll.T (Mf/"'U3J 
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0 ()()'jU 

00055 
tlOOSb 
OP057 
000511 
00059 
OOtH•O 
l)ill!h 1 

000"-2 
OOOb] 

U" 01'>4 
000~5 

OOObb 
Q(l 061 
0006li 
0U0t>9 
0·1070 
00071 
00072 
{)1)07 j 

0007U 
00075 
Oti010 
00017 
00078 
0007q 
110 01\0 
()(I Q flj 

OP>,it\2 
00(1113 
ono~<u 

0001!5 
l!l/Orib 
OtrVf\ 7 
\)I•QIHI 

()(J0~9 

000'10 
on O'l 1 
oooqz 
uooH 
O(l (l')U 

\)OQ?') 
00 091> 
Q(II)'H 

0\)098 
000'19 
oo t no 
00 \G 1 
00102 
oo ILl] 
OOIUU 
0111 05 
0 0 jl)b 
uo!07 
001011 
QIJI\)<) 

c 
c 
c 
c 
c 
' c 
c 
c 

c 

c 

• 

• 

• 
• 

• 

p .. J~r< .. ~2 151081'0 P•GE 00002 

],,,CU~CENTHATIO·~ "' CLAY (KG/I'IUl) 
a,,,CONCE~TriATlO~ Uf CUN!A1'1JNANT ASSUClAlt.U 

SArlll 
5, , 0 C Qr<Cf. NT iU T I ON OF CONTAMI'IAtH A8SOClATED 

SILT 
o,,,CU~CENTHAllON Of CONTAMINANT USOCIATEO 

CL ... Y 
7,,,CO·\ICENTRAT10111 OF Dif!OLY£0 CdNTAMJNANT 

r<HEN(~I~ ,(,J, ll) 
llO (l•l,~r·r) 

, RfA!J UdJ (CC11Hl 1 K.J 1 U1 1 Mo\)l;r.ON) 
I 0. ,FJij 
, , , F I'' 
ELSE 

lo!M•M~El.E!~ 

~t~V (1 1 1) (CCIN(l,~), Kcl, ~AXCON) 
00 (I•2,rl!l) 
• OU CK•l, ~AXCONl CCIN{l,Kl•CCINCI,~) 

o • • ~ IN 
o 00 F)N 
IF (ECtll)) 

WRJT[(h 1 ij) E~UTJ~ 

wtfJTHb,.H 
o UO CT•l 1 Nf'l) 

, ~~ITL{0,2l l•(CCI~(1 1 K),K•1,HAKC0~) 
00 ,FIN 

.,,FIN 

o'jiH1U2l 
PREll!'! • • ,,,FIN 

,,,Fl,. 

~N1llJM,N~,UUEPTH 1 ((CCIN(I 1 K),~•l 1 ~AXCO~)tl•1 1 N~) 
t::llllTIM 

IF (PRI:TIM ,l.To Stt'•LEN) CAI.l. PVTEHR(211 1 NUM£Hif 1 HLOERH) 

(. HECURU P1~EE,,,,,Cf1AN•1El CRDSS•SECTIUN DATA 
C 0 oo 0 ,UWID .... 'IIDTI'I UF SE1011ENT AT NOUES 
C 00 ,,,l1El. •• ELn'AlJOII OF ,.pi)[ A8(lYE BOTTOM , ................................•......•.......•..••...••.••... 
c 
c 
c 
c 
c 
c 

CAUTlUNI 
IF CONCENTRATIO~S A~E INPUT 
THE CIU,.,ot:;L C~O~S•SlCTlUNA,L 
AI THOSE SAME OEPT~S, 

AT YARJUUS U[PTI'!S, 
OAT* MU&T at INPUT 

C•************************************************************* 
~EAO{I,1) Nloi)l'r u~·lOTHr DEL 
>~H[r>l {r<"'ll) 0 floi,OJ 

E•O• 
1)0 (1E:t 1 t-~KELEMJ 

!J.OJIJ(l)•U"J•JfH 
U!:.L( Il•t 

e, t.IIE+0£1,, 
• • • • F I II 
.,,FIN 
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ffLECI YfHSJON 2l,~~J 15101147 PA&£ ooool 

ootto 
00111 
oulll 
IJOIU 
OOIU 
00115 
0011. 
00111 
0011'1 
00119 
ootlo 
oot Zl 
Onll2 
OOIZl 
OOilt! 
outa5 
onuo 
Ollli1 
QOIZ8 
ootz• 
oouo 
1)01.)1 
00132 
OOllJ 
001 J4 
OOIJ5 
I) QUO 
00137 
110 lle 
OOlH 
00140 
oo I a I 

c 

c 

ELIE 
, lfEAO(l,l) (UMJV(I),J•J,NWJO) 
• "I:Aota,u ' ''fL(Il,J•I•N""lDJ 
, lf'(~WJO,LT,MXLLEHJ 
, , 00 (l • N~IO t lrHXELeMJ 
, , , UWIOCIJ • UWtOfH 
• , • UELUJ • liELU•tJ t DEl . . .. ,, ... 
, .,,fiN 
,,,f'JN 
lf'(ECt11lJ 
• HRITE(o,e) (J 1 U~lOCIJ 1 J•I,MXELEMJ 
• H~ll!C.,9) (1 1 U£L(Iiri•I 1 MXELEM) 
... FIN 

RETURN 

1 f'ORMAf{8Fl0 1 0) 
Z f'ORMAfCllrlltiXtO(JXtlP£11,'Jr4X 1 1P!Il 1 S) 
J f'ORMAf(t"u,IELEM!NT 1t1Xr 

1 J(l~r'CUNC, D't 14X),J(Il1'CUNC, AIIOC,t 11X) 11X 11CONTAMJNANT'I 
Z 91!r 1 1Uif"E;NUEU IAri0 1,1it 1 IU8PfNOED llLT' 11)11 IIlfi1PEN0tO CLAY'i 
J JX 1 1 ~ITH IAN0' 1bXr 1WlTH llLJI,bXr'HITH CLAY',~X,IOIIIOLYIU ' 
c tfOI\IC,'J 

4 FORMAT(IHd 1 B~,tlO,Ie••O•T• S!T !NOING Tll'lf 1 l 
5 FOR~•T(It0,J5,f'l0,0) 
6 fQitM.l(lH0 14A.,'UPSTRUI'I JNFLQR IU.T!R tONtllfiON$1) 

7 FOMI'IAf ClS,ZFlO.O) 
8 FOR~Af (1HO,Sft•1 •X•IftTJON WJPTHII/C(Z7X,, 1 Ll 11PElZtSJ/J) 
q FQMHAT (1H0 1 S8X 1'l•lftTIOH €LEVAT1UNS•/q(i1~ 1 5(1J 1 1~Eli 0 5J/Jl c ... 
(,LECS VERSION ZZ,40) 

-·············-···················--·---
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15t0815h PAGE 00001 

····~··························~·····-~· 

00001 
00002 c 
00003 c 
000011 c 
oooos c 
00000 c 
OoOO? C 
OllOOIJ C 
OOQOQ C 
00010 c 
!l\10 11 C 
\10012 
oooll 
000111 
00015 c 
00010 
00017 c 
OOOHI C 
\1001<1 t; 
000211 c 
OOOCI C 
ouu22 c 
00023 c 
00024 c 
ooozs c 
000~0 c 
00027 t 
000.!8 c 
0002<1 c 
000}0 c 
ooo.u t 
00012 c 
000}] c 
00014 c 
OoJOl'i C 
00031! c 
OC!Ol7 C 
t)OO}I!l C 
OOOH C 
l.lf\0110 c 
00041 c 
110042 c 
000'1] c 
01)(11111 c 
011045 
110011& 
000117 

00048 c 
0001.1<1 c 
OOO<trl 
00051 
01)052 
0\)053 c 

9U8ROUTINE ~lkDAT(C, ECHn, NELEM) 

THIS ROUTitiE 1S ~E9PONSIJJLe: f'OR RUDlNG TH£ INlTAI. WUEM CONDITIONI. 

f'ORMAL PAHAMETEHSI 
C • lNJTJAL ~ATtR CONDJTJON8 
ECHU • LINt PRINT ECHO OPllO~ CO~TROL VA~IABL£ (L•1) 
NELEM • NUo4A[R UF YEKTICAI. (I.!:M!IHS 

CALLED 8Y1 SEIUT~A 

l~tCI.IJOE 'ELMSIZ 0 PNH 1 

LOGICAL*! ECHO 
JNTEGE!l 8ioil TCI1 

OIMtNSlO~ C(M~!L!M,M~XCON) 

, ••• INITAL WATER COUIHTIONS 

A SET OF INITIAL WATER CONOITION8 lR! MEAD FOR EACH NUDE 
OF Hit. SEOMENT (EL!!HUITI ARE NUMBERfiJ BEGINNING At THt: !!IOTTOI4, 
(EI.EMEtiT 1), ANO ENDING WITH THI:: SURFACE ELEHEIHr (EL!MENT •NEI.[M) 

lf TMERE IS NO VERTICAL Y•MtATlON, COLUMNS l•S CONTAIN A NEGATl~f 
VALU& ANO COLUMI~S t,•IS CONTAlill THE CON8UNT Yr\L.UE 1 lriHEI<t TH! PUA 
OflE8 YAH 'I' WITH OEPTH, 4 VA.L.UE IS READ fOR EACH EI..EHENT, TH! UNITS 
llf THt: CrJNTAfiiiNANT CONCENTIUTlONS DEPEND UPON THE TYPE OF CONUMI!II 
(IUOJ0..fUCI.1DE,,PC/K!i OR Pl;STICIOE,,.I(Ii/KGJ, 

Plt. Ul>liT& rJF THE CONTUHNANT CONC!IHRa,TIONI D!PENO 
UPON THE TYPE OF tONTAH!NANT (MADIONUCI.IOE 11 PC/KG 
OR PESTlClllE.,KG/KGl. Tlif PARAHIETERI ARE AEAO IN 
THf. FOI,.OwiNG OR(If>ll 

PAHAHETER l,.,C•lNCENliUTIOtl 
2 • , , C ll"CENTH 4 T I ON 
J,. 0 CUNCENTHATION 
~ •• ,CONCENTRATION 

SU<O 
5 000 CONCENTR•TtO~ 

SJLT 
~ ••• CONCENTRATION 

CLAY 
1 • • • C\JNCfJlT R A TJ ON 

IJO(K•lrMAXCON) 
• OO(J•lrMXEL£11) C(J,KJ•O.O 
, 00 FJN 

IHI {lt;•t,rUitltCIJH) 

• WlAO(lr2) 5~tlt1' 0 VALIJL 
~~EN(SWJTCI• .LT. 0) 

Ull Pld~~"l:l!:.rl OOE!'I NOT 

"' OF 

'" OF 

OF 

OF 

UF 

6.133 

9Uil) {I(G/1'1UJ) 
Sll.T (KG/HUll 
ClAY {K0/Iolu)j 
tu~<~TA~IlNANT uaocuu:o WlTH 

t:Ot-~TA"'INANT USOCIATEO WJTH 

CONTAHlNA•H AS80CIAT£U l'llTH 

DISSOL~EO CDNT~MIN~NT 



OlliJ5q 
uouss 
000'!-0 
00057 
(10056 
(!00')'1 
00060 
llf'IOb I 
00002 
O!l•lOJ 
iJO 061.1 
0001:15 
ooooo 
00001 
00068 
flll069 
Q(l070 
ooo 1l 
O!l07t' 
0007] 
oC.07jj 
QVD75 
D!l071o 
OQ017 
041078 
OOIH'/ 
oo 080 
00081 

' 

' 
' I 
' 3 

• • 

' 

, ~0 (J•lrMKE~EMJ C(J,~) • V4~UE 
• I • f I )j 

ELSE 
**t P4HA~Ert~ VAHlfS ~ERT1C4LLY *** 

1 READ(lrl) (t(Jr~lrJ•lrNELt~+l) 

I IIIFI"' 
o 1 .~·JN 
If (ECHO) 
• .ORUEtOr3l 
• WRlTE{6r5) 
1 UO (Jat,NELfMtl} 
1 1 IORITE(6r .. JJ 1 tC(Jr~J,K•lrHAKC0~) 
• ,,.FIN-
oooFIN 

RETURN 

FOft~AflBFlO,OJ 
FORMll(JSrfl0 0 0) 
FORt1lf(lH0 15i?)(, 1 JNITI"L iliA lEW CO~OITIONS'J 
FOR~At(J)(,JZrlXrb(l~riPEIZ,5),~X,1PEtZ 1 5) 
FUR~AT(!HUr'EL~MENT 1 rlXr 

l JtJXr 1 CDNC, OF 1 ,4XJrlf1Xr 1 CDNC, ASSOC,•r2K)r2••'CONTA~lNANT 1 / 
2 9li 1

1 SUSI"ENDEP &•UID1rll[r 1 SU8PENOE0 IILT'rliCr'SUS!tfNO!O tLAVIr 
J lX,IIOJTH 8AN0 1 ,0Xr 1 ~lfH SlLT 1

1 0Xr 1 NITH CL4Y1 1 ~1Cr'Dl8iDLYEO 1 

a •coNe,• J 

'" 

··--···············--·-··············-·· 
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APPENDIX C 

SAMPLE INPUT AND OUTPUT FOR SERATRA 



INPUT 

3 &~G,.,E<H:, '> TiMESTf:PS 
<; 3 jfAI..S(,)t,nf,, 0,11 V,O 

1> 1 <lo !,to, C ,I, \l,}o, ~~'>~.u, ll~ ,'>, (),',,I i!l, O, 
7ol 0 t>7EH>oio22' 
2ol2f+5o7 0 03Ef5oqol>~t•'>•lol~>E•boiol5f+b, 1,51E~~.l.b7~+0 
0 0 D 0 j 0 l2o2o~~,),ob,ll,bOoVo!0,7,)2 
I,DE•loioOE•'>oloOE•b, 
ibSO,OoZI>SO,OolbS~.~ 
I 0 DE•lol,DE•SoZ 0 0E•b,Zo5E•3, 
l 0 0 0 i!,0 0 l,D 
O,SU,O,IQ,O,OI 
1,7~E·t>,l, 711~•1> 0 1, HE•bo 
b 0 0E•l 0 b,OE•loO,OE•l,b,Of•~ 
0 0 25 1 1,Z'>o2oSD,!.IOE•5,l,lbf•S,l,lbE•So0 0DoDoOo 
o,o, 
2,5~, 12,5o25,C, I ,lbfoo':>, 1 ,10£•5, 1 0 1toE•S,O,G,~ 0 0 0 
0. 0' 
0 0 O, O,f!,l, Oo 0,0, ll,O, Q,U, l·,O, \1,0 0 
0.' (, 0. ,, •• 
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