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ABSTRACT I

SERATRA, a transient, two-dimensional (laterally-averaged) computer model ;

of sediment-contaminant transport in rivers, satisf actorily resolved the dis- i

tribution of sediment and radionuclide concentrations in the Cattaraugus Creek I

stream system in New York. By modeling the physical processes of advection, I

diffusion, erosion, deposition, and bed armoring,- SERATRA routed three sediment
size fractions, including cohesive soils, to simulate three dynamic flow i

events. In conjunction with the sediment transport, SERATRA computed radionu- !
clide levels in dissolved, susoended sediment, and bed sediment forms for four ,

radionuclides (137 s, 90 r, 239,240 u, and 3 ). By accounting for time-H IC S P

dependent sediment-radionuclide interaction in the water column and bcd,- )
SERATRA is a physically explicit model of radionuclide f ate and migration. j
Sediment and radionuclide concentrations calculated by SERATRA in the |

Cattaraugus Creek stream system are in reasonable agreement with measured i
values.

1

SEP.ATRA 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 radiornclides but other contaminants such as pesticides,
| heavy metals and other toxic chemicals. Now that the model has been applied I

j to four field sites, including the latest study of the Cattaraugus Creek stream
| system, we recommend a final model validation through comparison of predicted ;

j 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.

L
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- The migration and f ate of radionuclides in surf ace waters are controlled-
by four complex mechanisms. These mechanisms are radionuclide transport due to
water and sediment novements; 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 transfonnation due to the yield of daughter,-degradation, or chemical-
reaction products (where applicable). SERATP.A, a two-dimensional (laterally-
averaged) finite element modi) of sedioent-radionucl!de transport, was formu-
lated to account for these nechanisms in a physically explicit manner.

SERATRA predicts time-varying longitudinal and vertical distributions of
sediments and radienuclides in nontidal rivers and sone inpoundments. The
model consists of three coupled transport submodels, sediment transport,
dissolved radianuclide transport, and particulate radionuclide transport,
which are capable of tine-dependent sediment-radiora lide interactien in the
riverbed and water column.

The poten'tial of SERATRA as a site assessment tool has leo to a lengthy
testing program designed to validate the model ever 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

i burial site near franks Creek, a tributary of Buttermilk Creek. An extensive
f teld 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 Lnder
separate projectg 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 synthestred flow data.

RadionuclidegCs, gSr, g,g40 u,
form ton n

appigcation of SERATRA was sufficient in four cases: P

and 11 .

Sediment and radionuclide concentrations predicted by SERATRA on the three
flow events were in reasonable agreement with values measured in the field.
SERATRA perfonned best where the most field data were available, undersc0 ring4

the inportance.of conplete and accurate input data when descrit>ing a conplex-

modeling system.

;
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SEPATRA 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 sedirr.2nt in fresh and saline
waters.

.
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1.0 INTRODUCTION

Four complex mechanisms govern the migration and f ate 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 surf ace,
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 surf ace 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 surf ace 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 f ate in surf ace waters. SERATRA uses
the finite element computational approach to predict time-varying longitudinal
and vertical distributions of sediments and contaminants in rivers and some

; impoundnents.

i 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.
i

The sediment transport submodel simulates transport, deposition, scouring4

| and armoring for three size fractions of cohesive and noncohesive sedinents.
1 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

,

1.1
i

;
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biological degradation cesulting 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 conditions 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

i to actual field sites.

Prior to this study, sediment and radionuclide transport in the Columbia
| I' 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 (0nishi et al .1979). Although the concentrations of alachlor
(a pesticide) predicted by SERATRA were reasonable, no measured data were

! available f or 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 f ound in Cattaraugus Creek and its tributary, Buttermilk Creek, have
originated in part from the past operation of a low-level radioactive waste
disposal f acility 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 analyggg were performed A total of 30 radionuclides were
analyzed, of which 23'Cs, 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.

1

C
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2.0 CONCLUSIONS AND RECOMENDATIONS
:

i 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

radioriuclides;andsedimJnt-radionuclideintgH.ractions. Radionuclides simulated
by SERATRA were 137Cs, WSr, 239,240Pu, and Results from this modeling>

3 - study indicate that SERATRA can reproduce with reasonable accuracy the mecha-
nisms which affect the migration and f ate 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
i

1. SERATRA has now 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 and4

'

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
j perf ormed.
!

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 f actors 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,

j 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

I waters.
;

4. Basic characteristics of transport, deposition and erosion of
j 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 surf ace waters.

;
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3.0 F(RMULATION 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

1) a sediment transport submodel, 2) a dissolved contaminant transportare:
submodel, and 3) a particulate contaminant (contaminants adsorbed by sediment)
transport st.bmodel. 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-i

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)
l5. Sediment contributions from tributaries and point /nonpoint sources into

the system and subsequent mixing.
1

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:

g gj ) + h C)(W - Wsj)BE-h (C BL) + (U,C B - U C B
j 3

rate of horizontal vertical
accumulation adveetion advection )

- h (c, 1) + f (SRj - SDj) j = 1, 2, . m , N (1)

vertical sediment erosion
diffusion or deposition
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.

where(a) ,

1

B = river width !

l

CJ = concentration of sediment of jth size fraction j
i

Cjj = sediment concentration of horizontal inflow for jth size fraction ]
I

h = water depth ]
1a longitudireal distance

N = number of sediment size fractions considered. Currently, .

N = 3 (i.e., sand, silt and clay) ]
.t

S j sediment deposition rate per unit area for jth sediment size fraction |D

Sgj = sediment erosion rate per unit area for jth sediment size fraction
'i

t = time

Vi = horizontal' inflow velocity

U = horizontal outflow velocity |

W = vertical flow velocity

W j = f all velocity of sediment particle of jth size fraction3

z = vertical direction

z = vertical diffusion coefficientc

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.

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

aC( \
C) - c, ,,3 = 0 at z = h (2)W-Wsj

aC
d at z = 0 (3)=0- (1 - y)W )C) - c3 z az

'~

(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, S j and S j, are also evaluatedR 0
separately for each sediment size fraction because erosion and deposition
characteristics are significantly different for cohesive and noncohesive
sediments.

Erosion and deposition of noncohesive sedinents are affected by the amount
of sediment the flow is capable of carrying. For example, if the amoant 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 Toff aleti 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, llence:

O-OT Ta
S
RJ " A I4)

OTa - OT
S
0j " A (5)

where

A - the river bed surface area.

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

For sediment crosion and deposition rates of cohesive sediments (silt and
clay), the f ollowing Parthentades (1962) and Krone (1962) formulas, respec-
tively, were adoped in this study:

[T \b
S

RJ - M) (7 RJ
-1 Nc j

S,.w,C,! \T
b1-o s 1 (7)
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where

Mj = erodibility coefficient for sediment of jth size fraction

Tb - bed shear stress

T Dj - critical shear stress for sediment deposition for jth sedimentc
size fraction

T aj - critical siiese stress for sediment erosion for jth sedimentc
size fraction.

Values of Mj, TcDj and TcRJ must be detennined 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 f all velocity, Wsj, depends on sediment concentration and no
aggregation occurs, Krone (1962) recommends:

4/3 (8)Wsj - K Cj

where

K]- an empirical constant depending on the sediment type.

3.2 DISSOLVED CONTAMINANT TRANSPORT SUBMODEL

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

9

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 distribution
coefficients for adsorption and desorption, K j, K j, respectively. In thisd d
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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:

h (G,BE) + (U,G,B - U G,j ) + h (WG,BE)B
$

rate of horizontal vertical,

accumul ation advection advection

/ aG h 5

hc Bt - AG,Bt - K GCi ,Bt=
z az

vertical radionuclide chemical
diffusion decay and |

biological i
degradation '

and volatilization

-[K)(Kdj 3 ,- G ) BE -EK (K CG -G)BtCG j 33 3J j

adsorption to moving desorption from moving
sediment sediment

-[ Yj (1-POR)D K3 bj (Kdj g - GBj)-bYj(1-POR)DK 3 (KG
3 3,-GBj)G

J 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
K j or Kh, for the moving (suspended and bed load sediments) and non-moving
(dbed sediment without any motion) jth sediment. How9ver, these twg types of
sediments have two different transfer rates, Kj or Kj and K j or K j, asb b
expressed in Equation 9.

In addition to the previously defined symbols:

Dj = diameter of jth sediment

G j = particulate contaminant concentration per unit weight ofB
sediment in jth sediment size fraction in river bed

:

yj = specific weight of jth sediment

Gw = dissolved contaminant concentration per unit volume of water

3.5
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I

|
d

I

Gwi - dissolved contaminant concentration in horizontal inflow
l

Gj = particulate contaminant concentration per unit volume of water )

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

transfer rates of contaminants for adsorption and
K j. Kbj = desorption, respectively, with jth non-moving sediment in bedb

K j, Kk = distribution coefficients rate of adsorption end desorption,d
respectively, oetween dissolved contaminant and moving 2ediment
(suspended ana bed load sediments) of jth size fraction,
respectively

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

A = decay rate of radioactive material,

POR = porosity of bed sediment
c

The distribution coefficients, K j and Kk, are defined by:d

'
f.M f,

(10)K and Kdj dj " f V, "f
j

where
fraction of contaminant sorbed by jth sedimen'-

fsj = fraction of contaminant left in solution
f =

Mt - weight of jth sediment
Vw = volume of water

f G

M=/r
W W

Hence Equation 10 may be rewritten as:

C or G3-K 3 G, (11)CG3-Kdj 3 G,

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.

3.6
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Boundary conditions at the water surface and river bed are:

3G

WG,- c -O at z = h (12)z az
I

aG

0c =z az 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) photolysia (Smith et al.1977). Due to the present:

lack of knowledge on degradation and volatilization of particulate contaminants
i (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, KCis i=1,-
2, 3, 4 and 5. Actual formulations of chemical and biological degradation,

i 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:

i

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 fomation in which the [0H-] anion acts as the ligand. They are,

I 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):

; Hydrolysis

dG

" K [H + K [0HD W + K G,A , B Ndt

i

-(K[HD+KKB w , g )G,
t

A
[H+]

N

l - (K 10-pH , g 10pH-14 + K )G ,g B N

-K G (14)Cl ,
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where

C1 = K 10-PH + K 10pH-14g
K

A 8 N

= [H*]-[0H-] = 10~I4K

pH = - log [H+]

K,K KN = acid, base and neutral hydrolysis rates; respectively.A B

Rate coefficients, K , KB and KN can be detenn;ned from laboratory testsA

(Smith et al. 1977).

Chemical Oegradation Due to 0xidation ;

0xidation of contaminants by free radical processes may become important
under some environmenthi 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):

dG,
ox[R0 -]G ,+ KAB[R0-]G, (15)"K

2dt

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

"Kox[R0 *36 =K 0 (16)
2 w C2 wdt

'

where

Kox, KAB = oxidation rates of free radical oxygen of [R0 -] and [R0-],2
respectively

R0 = free radical oxygen2

R0 = free radical oxygen

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

Chemical Degradation Due to Photolysis

Some contaminants can be photochemically transformed by absorbing light, .

,

especially ultraviolet light. The rate of contaminant concentration change,

3.8
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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):

dG
w 2.303

- dt J ~ b 'A A ,IG"

A

I =I exp -(K +K C) (h - z) (17)g 2

where

C = average sediment concentration above water depth Z

Iox = incident light intensity of wave length A

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

J = conversion constcnt

Kj = light attenuation coefficient for water

Kz = light attenuation coefficient due to suspended sediment in water

x = molar extinction coefficient of light with the wave length Ae

d = quantum yield.

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:

dG
~

dt J db'AoA exp -(KI y + K C)(n - i)Az"
2

A

_

1+KC)az)i
~

i1-exp(-(K 2
J 'G (18),"

(K) + K C) z j
2

_

=K GC3 ,

where4

i = element's number counted from the river bottom

n = total number of elements

az = 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).

B i_odegra_dation s

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 (Felco et al.1976, Smith et al.
1977) depending on concentrations of biomass and contaminant in water, as
shown below:

dG

-KBl[8]G,=KC5 w0dt

where

[B] = biomass per unit volume

KB1 = the 'second order rate constant for biodegradation.
4

Vol atili zation
__

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):

dG
"E G (20)

dt C3 ,

where

KC3 = volatilization rate of the contaminant

KC3 can be estimated by the following relationship:

(KC3 h
( C3) water body " b I water body K laboratory test conditiono g

(d )g
" (K } water body d-o

where ,

d,ds - molecular diameters of oxygen and contaminant, respectivelyo

3.10
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:

(KC3) laboratory test conditions = volatilization rate through any"
substances measure at a laboratory

(Ko) water = oxygen reaeration rate through water-air interface

3.3 PARTICULATE CONTAMINANT TRANSPORT SUBMODEL
,

'
~

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

4 1. Advection end dispersion of particulate contaminants

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

3. Radionuclide decay

4. Deposition of particulata contaminants to ti;e 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:

i
i

h(G)B1)+(U.G B)+hf(W-W IU Btf (21)B-UG
3 g gy sj J

] rate of horizontal vertical |

3
accumulation advection advection i

dj3,-G)81+K}(KhCG,-G)Bt+f(G= h c, j (K- AG) 81 +
K CG Bj R ~ O 3 It Sj 3 j jD

vertical radionuclide adsorption desorption contaminated sediment p

diffusion decay erosion and deposition !

where i

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

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 nonunifom 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 tem may include them,
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The boundary conditions at the water surface and -bed are:

aG

G (W - Wsj) - *z =0 .at.z = h and 0 (22)
'

.

The finite element technique with the Galerkin weighted Lresidual 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 accomodation to
various bodndary gemetries (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 1

weighted residual was used to solve Equations 1, 9, and 21 with the associated
'

boundary ccnditions of Equaticns 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: -

L [d] = +h(vd)-h(c, ) + ad.- 6 (23)

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

Galerkin Weighted Residual Method
,

The governing partial differential equation can be recast in an integra'..

fonn employing the weighted residual method. This integral is formed by tal.ing
the product of L[d] with some arbitrary set of weighting functions, Wj, which
yields:

!L[d]Wdz (24)'

X=
dR

i where

R = a domain of interest.

If d is approximated by some polynomial:

n

d=EdW (25)jj
i=1
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where

Wj = approximating functions then the quantity L[d] represents the
residual error.

9

For the Galerkin weighted residual method, the approximating function Wj is
chosen to be the same as the weighting function W . The integral tem
becomes an error distribution principle by which khe nodal values di 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:

W +W (vd)+ jc +W"I-ws dz - W =0 (26)X =
j z j j j z

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:

n

X=X l+X 2+X 3+...+Xn= X i (27)e e e e e

where

n = the number of subdomains.

This may be expanded to give:

z +1z
[z2 r3 r n

[ ] dz + [ ] dz + . . . + [ ] dz (28)
X = Jz Jz J Zy 2 n

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 dn+1-

Finite-Element Equations

The contributions from any typical subregion or finite element can be
developed by substituting a particular polynomial approximation for 6 into
Equation 26. For simplicity, a linear approximation was chosen: i . e. ,
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Z ,1 - Z _ Z-Z
j # +1 (29)

j __

d '' d " #* iaz 1 az

where

az = zi+1 - zj.

In vector notation, one has:

'5
i(z,t) = W ,W +1 (30)

g i

where weighting functions a're given by:

j=h(z,7-z) (31)W j

W,1-h(z-z) (32)
9 g

The individual tems in the functional are approximated by:
, ,

ad j
azh=W,W, (33)y g
ad ,gg

az
, ,

" "- - (34)'
a g,y . #1

. . .

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:

'

z +1
. . dd I

[R
i 2 1,

N dz = W W dz < ad dz = $ (35)1 2ei j 93
I

,

dt
.
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2. Advective Term:

*#
J az W)hd,+ W) v d, -N dz -

ei ei ei

i* i+1 Yi* i+1 1
#

-

(36)
-

# +1_
1- i+1 i* i+1

- -

1
_

, ,

3. Diffusion Term:

'

'dId * i+1
1 -l' #

'

aW ad c 'l -1- j1 cd

af z , ]z # +1
dz a* (37)e

R az z zei "z 1 -1 1 y _g 4i .

. i+1.
.

.

4. Decay Term:

z '

rj1
.2 l' #

1*^*
W ad dz = a J W W dzd

3 j 3g j (38)=

R zeg j 1 2 d 4#1

5. Sink / source Term:

z +1i
'1/2'

f W 8dz = s W dz = paz
3 3 (39)

R 2 1/2ei 1

Where e is assumed independent of z. However, many sink / source tems 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 tems, one can
write the element contributions to the matrix equation as finite element:

n 'd 'd n |
,

[P]ej d ej d R'j (40)+ Eb3 =
.eg

where

'1/3 1/6'
E3ej = az

1/6 1/3,
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l',.

ej " ' (if a is independent of z) (42)' R
i

D-fV +fVpi+Sf - D - fV4 - hpi Ehj
(43)[S]

-I D + kV4 + kVpg + Ef +D-fVj+kVpi+Ef

* (44)
D = AZ '

The summation given in Equation 27 gives the rules for construction the
matrices for all finite elements; the matrices [P] and [5] become tridf agonal |
matrices. The final set of equations is a generalization of Equation 40. l

Time-Dependent Solution

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

[P]f+[5] 4 R (45)=
,

where

[P] metrix - a symetric tridtagonal

[5] matrix-anunsymmetrictridiagonal

R . = a load vector.

This final system of equations is approximated by a Crank-Nicholson scheme
(Varga1965):

n / n+1 n n+1 r. s

[P]Idln+1 - "- ')E3 *
at

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

- n+1 n --

[P]{d} .[S]{d) + {R) (47)

where ,he new coefficient matrices are:

[P] - [P] + [5] (48)

[5] - [P] - [5] (49)

3,16



.

{R) = at {ii) = h ({R}" '{R}") (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 (0nishi and Wise 1979). However, a standard
F(RTRAN 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:

.

e 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 Submodele

- Sediment size fractions

- Sediment density and f all 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 other-

point and nonpoint sources.

Additional Requirements for Dissolved and Particulate Contaminante
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, volatilization and decay rates of contaminants

Initial Conditions
4

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 load) 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

3.18



longitudinal and vertical distributions of contaminant-

concentrations in the bottom sediment within the bed for each
sediment size fraction.

|

|

!

!

|

!

1
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4.0 MODEL TESTIN_G
.

This chapter describes the testing program which has led to this applica-
tion of SERATRA to the Cattaraugus and Buttemilk Creeks in New York. Sen-
sitivity analysis results are also discussed here. SERATRA was developed as a
site assessment tool for contaminants in surf ace 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:

2
a g , ,yC _a C
at ay 2

with an initial condition of

C(y,0)-exp(h) sin (py)
y E

and boundary conditions of

C(o,t) = 0 and C(1,t) = 0.

Parameter values employed in the test cases were length (t) = 1, velocity
(U) = -2, and vertical dispersivity (cy) = 1. The computed results and the
analytical solution compared f avorably (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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ANALYTICAL SOLUTION

0.7 - o COMPUTER SOLUTION +U = K,

0.6 - t=0
INITIAL AND BOUNDARY

$
g:: 0.5 - CONDITIONS ARE:

t=0.05
* C(x,0)= EXP SIN

$ t=0.1

u 0.2 -
C(0,t) = 0, C(f,t) = 0

,

0

0.1 -
t=0.2 ASSUME THAT U = 2 K, = 1 AND i = 1

!' ' ' ' ' '
0'- a

0 0.2 0.4 0.6 0.8 1.0
x, LONGITUDINAL DISTANCE

,

FIGURE 4.1. Comparison of SERATRA Results with the Analytical Solution
to the Unsteady Convection-Diffusion Equation

was tested for 18 eans. These numerical experiments were designed to isolate
the various physical and chemical processes in SERATRA for mass balance
behavior. Table 4.1 sumarizes 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 SENSITIVjTY ANALYSES

As indicated in Chapter 3, only model parameters and coefficients which
can be adjusted to fit to measured sediment and radionuclide data are vertical
dispersion coefficient, and three parameters for cohesive sediment erosion and
deposition (critical shear stresses for erosion and deposition and erodibility
coefficient). Sensitivity analyses revealed that dispersion 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
j increase with the erodibility coefficient once the bed shear stress is above
| the critical, shear stress of erosion. Unfortunately, these parameters are

4.2
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TABLE 4.1. SERATRA Mass Balance Testing Program

Test
1 2 3 T' 5 6 7'T'T TO 11 12 IT 14 15 16 17 18

Scour / Deposition
of Sediment - - - - - -

,

Radionuclide
Adsorption /
Desorption
in Stream - - - - - - - -

4 Radionuclide
Adsorption /
Desorption
in Bed '

- - - - - - - -

~

Tributary
Boundary
Conditions - -

Bed Initial
Radionuclide
Condition - -j

|
i Radionuciloe

Decay -

Biological
Decay -

Degradation
Due to
Photolysis -

Degradation
Due to
Hydrolysis -

|

Degradation
Due to ,

0xidation _
l

Degradation
Due to
Volatilization -

I
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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 should be detennined by theoreti-
cal, experimental and field studies prior to model calibration rather than to
adjust these values as a part of the mode'l 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.

1

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

65 n (0nishi and WiseZstudies for the transport of sediments, radioactive
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

65 n concentrations appears in Figure 4.2. Correla-results with measured Z

tion is excellent.

The next site chosen for another previous study was the Clinch River in
Tennessge (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
90 r are in excellent(river kilometer 37.2). Results from this modeling of S

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 conditions.
Generally, the time scale for events on a large stream 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

!
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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 perfonned. 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 Buttennilk Creeks in New York. The information gathered in
this watershed is the most extensive collection of radionuclide data ever
assembled. In the next chapter, testing of SERATRA will be discussed when it

I 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).

1
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WOLF CREEK, RIVER KILOMETER 5, 6/1/71 - 5/31/74
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FIGURE 4.4. Time Variation of Total Alachlor Concentration at Wolf Creek River
Kilometer 5 During the 3-Year Simulation Period (0nisni et al.1979)
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5.0 MODELING APPLICATION,

n .-
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

i' execution of this computer. model. Water, sediment, and radionuclides were
; analyzed for various properties including temperature, concentration and

activity levels.
!

Hydrologic modeling of rainf all, runoff, and -instream hydrodynamics were,

performed to generate data necessary for SERATRA. These data were calibrated,

i against measured streamflow in Cattaraugus Creek. A calibration of the
i cohesive sediment transport parameters was also done.

i -Ten simulanuclides were 1gjons gre perfogPu and JH.on thtee flow events.The modeled radio-
Cs, WSr, 239;

;

i 5.1 SITE DESCRIPTION

The Western New York Nuclear Service Center, shown in Figure 5.1, is
' located about 30 miles south of Buff alo, 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
j 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 empties4

: into Lake Erie, 27 miles southwest of Buff alo. 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 |

j 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

L 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
4 100 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

i

i 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 mi . For the2

period of record from October 1961 to September 1%8, the average discharge of
Buttermilk Creek was 46.5 cf s. The extreme maximum and minimum discharges
during the period of record were 3,910 cfs on 28 September 1%7 and 2.1 cfs on
10 October 1963, respectively. Buttemilk Creek flows into Cattaraugus Creek
about 2.25 miles downstream of the confluence with Franks Creek. The creek
width under nomal conditions varies from about 20 ft 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 Buttennilk Creek study reach collects runoff
from a small watershed and periodically releases overflow into Buttermilk

i 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 f ast rising hydrographs in Buttermilk Creek during periods
of relatively low flow.

Cattaraugus Creek has an estimated drainagc area of 555 mi 2 at Lake
Erie, 432 mi 2 at Gowanda and 218 mid 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 i
daily discharges during the period of record were 34,600 cf s 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 snowf all and again in February and
March as a result of snowmelt. Low discharges generally occur during the
summer months of July through September when rainf all 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, I

as well as Buttermilk Creek, can be categorized as " flashy" due to their very
rapid changes in diccharge. 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 he 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 f airly 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

i
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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 Buttemilk 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 i

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/Buttemilk 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, Wal ters et al .1982, Ecker et al .1982).

The modeled streams include 2.5 miles of Buttermilk Creek and 39.0 miles
of Cattaraugus-Creek imediately downstream of the Buttemilk 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 Buttemilk
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 Description Phase 1 Phase 2 Phase 3 1

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 Springville Dam X X X

21 CC-6 CCM 32.7 Frye Bridge X j

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.

Channel Geometry

Surveys of the channel cross-sectional geometry were performed during the
Phase 1 field investigation and supplemented by additional surveys in the f all
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 Sampli_n_g

Grab 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 in the tributaries. The bulk
concentration of the suspended sample was determined before both bed and
suspended sediment samples were mechanically separated into sand (>74 um),
silt (74 um ~ 4.0 um), and clay (<4.0 um) fractions.

Radionuclide Sampling

Radionuclides can exist in both aqueous and particulate forms. On the
microscopic level there is a constant exchange of radionuclides between
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solution and particle surf aces. In either fom, 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 Univers;ty of Washinatgn provided distribution coefficients for five radio-
nuclides: 3/Cs, 85Sr, 23/Pu, 10bRu, and 241 m (Schell et al.1979).A,

5.3 HYOR0 LOGIC _ 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 Euttemilk 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 DW0PER to Buttermilk Creek resulted in depths and velocities
which were unreasonable despite the apparently satisf actory 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 DW0PER 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 Descriptions

DWOPER

DW0PER was developed for application to large dendritic river systems |
such as the Mississippi-Ohio. However, the model is generally applicable to i

'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-Buttennilk Creek system.

As described by Fread (1978), DW0PER 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 )- -q=0 (51)
at

+ a(Q _ Al + gA +S +S - 4*x + W B = 0 (52)
i , f e f

in which Q is discharge, A is cross-sectional area, Ao is off-channel cross-
sectional area wherein velocity is considered negligible, q is lateral inflow
or outflow, x is 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 Sr is the friction slope
defined as:

" (53)S

f = 2.2 A R

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

K a(Q/A)2,

e
(54)S e" 29 ax

in which Ke is the expansion-contraction coefficient.

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 ax and at 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 time position. The time

i derivatives are approximated by:

-Kh1)/2At (55)= (V. *I + K -K

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 f actors t and 1-e, i.e.,

5.8-
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h = e (Kf - K +1) /AX + (1-e) K g-K /ax (56)
d

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

K=e(K+1+K /2 + (1-e) (K +Kht)/2 (57)
d '

Generally, the ability of a model such as DW0PER 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 surf ace 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 detennined 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 DW0PER. 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,

I parameter, Manning's "n", which accounts for all the processes that contribute
to the loss of energy or momentum, excluding expansion and contraction losses
[seeEquation(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 DW0PER to Cattaraugus Creek
because of the flexibility they provide, when judiciously selected, in con-

itrolling the model's numerical stability and convergence. In implicit 4

schemes, such as that used by DWO9ER, the finite difference approximations of I

IEquations (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 f actor 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 f ace 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 fomuldtion is based on a manipulated fom of the one-dimensional
unsteady flow equations. In place of the conservation of momenttsn 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.

1$+$=0 (58)
c at ax

where c = celerity
Q = discharge

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

cat
- (I-8) 1- +1*

0 +1 - Q =0 (59)+ 2ax 0 -0 +

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

The convection equation is inherently nondiffusive, meaning that a flood
wave shape is routed downstream without attenuation. This is precisely the
behavior af 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 e. It can be shown that if

5.10
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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

* *

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 e 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 ax and a constant at are user supplied in MUSK while the
weighting f actor, 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 DW0PER. 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 Buttennilk
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 DW0PER 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 Buttennilk 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 DW0PER 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, synthetic4

unit hydrographs based upon watershed characteristics were computed for
: individual sub-basins. Rainfall data from NOAA were used to reconstruct
j precipitation events and determine magnitudes for the individual hydrographs.

Runoff reaching the boundary condition site was calculated using the SCS curve<

number method 'and superposed upon the estimated baseflows.

Hydrodynamic Modeli_ng _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

i 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 8:00 a.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 addition to the Cattaraugus Creek upstream boundary condi-'

tion at Bigelow Bridge. Measured baseflows were used in Franks and Buttermilk
Creek while a 0.4 cf s/sq. mi. runoff distribution was used to detennine other
lateral inflows. The average basin rainf all during the Phase 2 simulation4

| 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

Figure .5.10 is a comparison of computed and measured discharges at.
' cases.

Gowanda.
'

Phase 2 radianuclide 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 f alling 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-4

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 perfonned at the Cattaraugus and Buttennilk 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

J Buttennilk Creek and at 3:00 a.m. November 30, 1977 in Cattarau'gus Creek. The
additional modeling period in Buttermilk Creek was needed to resolve a complete

j 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 modeli.ng. The modeling

'
'

results reveal two distinct flood waves occurring during th'e simulation period-
;_ with peak discharges exceeding 3000 cfs.
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5.4 SEDIMENT AND RADIOMJCLIDE SIMULATION-

This section describes data input to SERATRA and the SERATRA simulation
results. Essentially, the Cattaraugus Creek watershed sampling program pro-

led SERATRA to be applied to four radionuclides
v;gd thgdata set which enagH) in the course of three flow events.(~ Cs, "Sr, 239,240Pu and

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, time-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

:

I
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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 Buttennilk 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.

j Channel Geometry

l
At each computational segment, SERATRA requires:

1. segment elevation, and
2. depth-surf ace 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-
nation 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 column based on the flow depth obtained h:
hydrodynamic models

2. flow discharges obtained by hydrodynamic models

3. water temperature.

,S Jiment CharacteristicsJ
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

5.23
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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 Tof aletti or Colby sediment
transport method. The Tof aletti 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 detennine
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 perfonned 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 suninarized in
Table 5.2. |

TABLE 5.2. Sediment Characteristics

Sand Silt Clay

Diameter, m 3.0 x 10-4 1.72 x 10-5 2.0 x 10-6

Density, kg/m3 2650.0 2650.0 2650.0

Porosity 0.5 0.5 0.5

Vertical Diffusign
Coefficient, m /s 0.03 0.03 0.03z

2 1.87 x 10-5 1.87 x 10-5Erodability kg/m /s n. a.

Critical Scour Shear
Stress kg/m2 n.a. 0.9 2.0

Critical Deposition
Shear Stress
kg/m2 n.a. 0.05 0.01

n.a. = not applicable

5.24
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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-
nuclideLgenerated Rufficient information for a reasonable modeling study:
13/Cs, 'evSr, 239,24uPu, and JH. 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 SERATRA, can be tested. Half lives vary from
12 to 7000 yr while distribution coefficients, i.e., K s, range over twod
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 fonns, 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 K s were not measured in the field.d

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 detennined 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 K s in jd
this study. For each radionuclide modeled by SERATRA, an average ratio of I

desorption Kd was detennined 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).

5.25
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TABLE 5._3. Adsorption and Desorption Distribution Coefficients (m3/kg)

137 85 2
Cs Sr Pu

Adsorption Desorption Adsorption Desorption Adtorotion Desce;Dtion

Lake 0.509 5.57 0.08?2 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.,

(K ) sand (% sand) + (K ) silt (% silt) + (K ) clay (% clay)
d d d

"I d) measured

where

(K ) silt - 5 $ ) sandd d

(K ) clay - 10 $ ) sand *d d

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

5.26
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TABLE 5.4. Radionuclide Data Input to SERATRA

Adsorption
Kd Kd KdA -1 3 3 3s Sand m /kg Silt m /kg C1ay m /kg

137
Cs 7.27 x 10-10 0.1 0.5 1.0

90Sr 7.82 x 10-10 0.01 0.05 0.10
239,240

Pu 3.34 x 10-12 3.5 17.0 35.0
3
H 1.79 x 10-9 0.0 0.0 0.0

Desorption
Kd Kd KdA -1 3 3 3s Sand m /kg Silt m /_kg Clay m /kg

137
7.27 x 10-10 1.0 5.0 10.0Cs

90 7.82 x 10-10 0.1 0.5 1.0Sr
239,240

3.34 x 10-12 35. 170. 350.Pu
3
H 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.

Bou_ndary Conditions

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.

5.27

. _ . . .. __ .. .



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 Sediment Transport Sigation _Results

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 J

the Lake Erie and Springville Dam backwaters. Except for these backwater i

areas, the general tendency is for bed scouring. This scouring of the smaller
bed sediment particles leaves a protective surf ace 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 simulation 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
Table 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 Buttennilk Creek was not reflected in the predicted suspended
sediment concentrations, in fact there was a slight decrease in clay concentra-
tions as the spike passed through Buttennilk Creek (Figure 5.12). Although

5.28
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TABLE 5.5. Phase 3 Observed and Computed Sediment Concentrations

Phase 3 Sediment Comparison (mg/t)'(Calibration Run)
location Observed Computed

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
Silt 16.31 11.8
Clay 3.74 2.1

CC-5/1
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

i

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
Silt 15.76 36.9

i Clay 4.66 3.3

,

5.29
i

.. . . . . . - , , -- - , .- - . _ . , . .- -- - - . - - .-_ -. -. -.



1

TABLE 5.5. (contd)
IPhase 3 Sediment Comparison (mg/t) (contd)

Location Observed . Computed-

|CC-6/2
Sand 2.84 0.5 1

'

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 hour: 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 concentrationi

peak occurring near the time of the 37-hour sample. Computed concentrationsi

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.i

As the sediment from Buttennilk Creek enters Cattaraugus Creek, suspended sedi-
ment concentrations are reduced by a f actor 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 Buttennilk 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 Buttennilk
Creek. The " spike" of the Phase 3 hydrodynamics is visible on the sediment
wave at CC-3 because the concentrations in Buttennilk 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 arej
consistently 35% below the field concentrations. At 59 hr, predicted silt andi

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 annoring. 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 eff ects.

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

Clay and sand concentrations computed by SERATRA are within 0.002 kg/mgation.
the three field samples is in general preserved quite well by the simu

of
the measured conqentrations. Predicted silt concentrations are consistently
about 0.015 kg/m3 higher than tha 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 f alling limb of the sediment
wave.

5.33
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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 Phase 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, SEPATRA
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 sumary
of the observed and predicted suspended sediment concentrations is found in
Table 5.6.

The modeled flow event begins on the f alling 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%.

5.37
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TABLE 5.6. Phase 2 Observed and Computed Sediment Concentrations

Phase 2 Sediment Comparison (mg/1)
location Observed Computed

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
S11t 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 with
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.

As sediment enters Cattaraugus Creek from Buttemilk Creek, sediment con-
centrations are reduced by a f actor of three. In Cattaraugus Creek Station

,

CC-3, the predicted concentrations are in general 100% higher than the measured
i 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

j 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 dua to scouring and eventual armoring of

the stream bed downstream of Springvill? Dam. In this case, predicted concen-
-

trations for all constituents are about 50% of the field data. Station CC-11
f has a very smooth slit sediment wave that is_quite different in character from,

CC-9. The differenca between the CC-9 and CC-11 sediment plots is due pri-
- marily to the f act that segments beyond CC-9 are influenced by the recession

limb of the hydragraph. sThese 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'assessnent of, the equilibrium conditions that

one might find on Cattaraugus and Buttennilk 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
-

The highest concentration. occurs in Buttermilk Creek and is dilutedlevels._

2.5 times when it mixes with Cattaraugus Creek. Sediment concentrations=
{ decrease slightly as Lake Eric 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
r
it

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
p; one segment occurred at segnwnt 33, P.8 miles from Lake Erie.
L Deposition is predicted in three locations: 0.5 miles upstream ofc Springville Dam, at Springville 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

h( 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
f ound 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|
f ollow the trend of the discharge, i.e., increased concentrations at high
flows. Two trains of double peaked sedient 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%.

s_

-
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TABLE 5.7. Phase 1 Observed and Computed Sediment Concentrations

Phase 1 Sediment Comparison (mg/1)
Location Observed Computed . 1

}
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
Silt 79.2/62.2 46.7
Clay 1.8/3.7 3.9

At BC-2 (Figure 23), the comparison of the field 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

5.46
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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 f actor of S.

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 changedf

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 i: 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

5.48
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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 intnediately 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 qqgCs, suSre werJ performed in the course of this
modeling study. Four radionuclides, la 239,240Py and JH were modeled
using the Phase 2 and Phase 3 flow events while 137Cs 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 (K s) meggyred gn Cattaraugus Creek.d Of
the five radionuclides with measured Kd values, 20'Cs, Sr, and 249,240 u hadP

adequate data at boun' ary conditions and verification points. Tritium, whichd

does not sorb to sediment, was sampled separately and thus hag 3gCs and OHhe necegsaryinfomat_ipn for a mode'ing effort. Phase 1 was modeled with
because 'JuSr and 239,200Pu did not have data suitable for modeling.

The purpose of simulating the transport and f ate of four radionuclides
during three flow events was to test SERATRA under a wide range of hydraulic
and radiochemical conditions. Two radionuclides,137 s and 3 , were testedC H
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 modeled The character-
istics of the modeled radionuclides are very diverse. 239,24dPg has a half-
life of 6,600 years and a measured adsorption Kd of 21 m3/kg. JH, on
the other hand, has a half-life of 12 years and no measurable distribution

| coefficient. The other two radionuclides f all between these extremes.

Radionuclides levels in Franks Creek are the highest in the area with
dissolved and sorbed foms 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 Buttemilk 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 sadiment. This limits the activity levels in the downstream channel
beds to values lower than those upstream of Springville Dam.

5.53
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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 particulate activity levels. Highest dissolved concentrations
are found with JH while, the highest sorbed activities are found with WCs.

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 exhi'oit the highest concentrations
due to upstream boundary conditions which have such partitioning. For the
relatively short reach modeled, these radionu::lides 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 tr'ansport results.
Thus, the beginning 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 Buttennilk Creek at 25 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 Buttemilk 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.

137
_Cs

137 s was always higher than the dis-C| The total sorbed concentration of
| solved concentration in this simulation. This was merely a reflection of the

boundary conditions at Buttennilk 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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137 s among the three modeled sediment size frac-The partitioning of C

tions was usually highest for clay and lowest for sand. This was to be
expected as the finer sediments nomally have more capacity to adsorb radio-
nuclides than the coarser sediments.

In Buttemilk 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 af ter 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'
sedimentmixedwiththg7 influent activity from Franks Creek, a strong dilutionoccurred. Dissolved 1 Cs entered Buttemilk 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 I

lat BC-3 are very close to the field data values as shown in Apoendix 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 I

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 f actor of three from the Buttemilk 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 f airly 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 corintently below the sampled data. The field values
are indicating activities w, ch are as high or higher than previous sampled
data.

137 s in the water column shows highCThe longitudinal distribution of
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.

I3'Cs-laden sediment from the bed into the water colunn.hg iterease in activity from BC-3 to BC-4 is due to the scouring ofLower total (sum
of dissolved and particulate) radionuclide concentrations per unit volume of

137 s carryingCwater at Springville Dam are the result of the deposition of
sediment. Downstream of Springville Dam, a steady increase in water column

137 s concentration whichactivity is the descending limb of a wave of high C

was present in these downstream segments.

Bed sediment activity is practically unchanged throughout all simulations.
13/ s distribution is presented as an example (Figure 5.31) as all longi-CThe

tudinal distributions are quite similar. Initial bed radionuclide concentra-
tions are highest in Buttennilk 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

137 s than in the bed deposited out of theCsediment with higher levels of
water colum. During the simulation bed activity increased to 760 pCi/kg;
quite small when compared with the 10,000 pCi/kg found in the Buttennilk 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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S ionuclide90 r simulation consistently has much more dissolved rgSr has forThe
than sorbed radionuclide. This ref ects the low affinity that

g. The value of Kd of r is 10 times smaller than the value
thesedimga)Cs. 90Sr among the different sedimentof Kd of The partitioning of
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 Buttennilk Creek, the 90 r sorbed to clay peaked highest after 35 hrS

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 from
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 ,

Isediment wave from upstream Buttermilk Creek diminishes in concentration the
sorbed levels begin to increase, since a larger fraction of the suspended
sediments are dug $o the more contaminated sediments from Franks Creek. Sand-
and silt-sorbed 1.3sCs display lowest concentration levels during the peak
sediment concentrations which indicate that the corresponding upstream clear
sediments dilute the sorbed activity.

90 r behavior in Buttermilk Creek is basically controlled byDissolved S

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 u.pstream Buttermilk Creek.

At BC-3, predicted silt activity agrees well with the sampled value while
the sand activity predicted is 50% below the sampled activity. No clay'

ivity is available for comparison. Strontium-90 differs from the previous
pggCs result by exhibiting a very high dissolved radionuclide concentration.23

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 f airly 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,

i

l 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 f actor of three while dissolved concentrations decrease by a

5.62
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The sorbed 90Sr behaves as it flid in Buttermilk Creek. Thef actor of gSr in Cattaraugus Creek has a peak at 35 hr where there was adissolved
trough in Buttermilk Creek. This is because of the large volume of high
dctivity water accompanying the discharge spike from Buttermilk Creek.

At CC-3, f airly 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.

90Sr exhibit noDownstream of Springville Dam, sorbed and dissolved
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 cont eues. Only the silt activity predicted by SERATRA is
fairly close to a field data point; clay and sand field activities simply dwarf i

those predictions. The pridicted dissolved concentration is 60% below the l

field data. This is f airly consistent with Segments 14 onward.

90 r. This illustratesSFigure 5.36 is the longitudinal distribution of
the strong dilution of radionuclides from Buttermilk Creek to Cattaraugus
Creek.

239,240 u_P

90 r. Given the sediment con-239,240Pu has a Kd value 350 times that of S

centrations predicted in the Phase 3 study reach and the Kd value 239,240 u inP

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 Buttennilk 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
acti vity. The background condition is for clay to be the most efficient at

5.65
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radionuclide uptake which explains the upstream Cattaraugus Creek results. In
downstream 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 Buttennilk Creek, sorbed 239,240Pu in sand and clay react inversely
to the sediment wave from upstrey Bygermilk Creek. Silt-sorbed radionuclidesare f airly constant. Dissolved d9.c Pu 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

u r)adionuclide concentration is very similar to the sediment
is about 0.7 pC1/kg greater than the field value. The trend

| of the 239,240P
; 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
closely 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.

1At 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.

I
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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

i 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 br.

! 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 concentration. 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. -t

Because of the 239,240Pu-laden silt scoured from the bed downstream of
Springville Dam, total radionuclide , concentrations are much higher at down-
stream locations.. This is shown in the longitudinal distribution of.

239,249Pu at the end of the simulation (Figure 5.39).1

3!!
I

Tritium on Phase 3 displays very~ steady concentration levels, changing
i minutely for the most unsteady fieJd' conditions. The reason for this is that

the background levels tend to dominate any transport effects. Since tritium
exists in dissolved fnrm alone, it is affected greatly by dilution. While
high sediment concentrations from Franks Creek tend to preserve the elevated
values of sorbed radionuclide in Butte'rmil_k Creek as discussed above,

i

dissolved radionuclides are diluted by a factor of 10.i

,

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

At BC-4, there are field values at, hour 37 and hour 65. At hour 37 the
4

! computed dissolved concentration is about.20% below the fielo value while at
i 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 concentratica is about 20% below the field value.

! Figure 5.41 is a plot of the dissolved concentrations 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 sunrnary 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
syathesized 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 f actgr of four. This can be sqen in the four longitudinal distri-
bution plots of D7 s, 90 r, 239,240Pu and JH in Figures 5.43 through 5.46,C S

respectively.
7'1# sC

-

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 neasured 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.

Althougg3,Cs is desorbing to the d: g-gredicted silt activity appearsto be nearing field levels, the particulate
solved phase as evidenced by the increasing dissolved concentration of ~a7 sC
at CC-11.

90g

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 gent for these flow
conditions seemed impossible. Therefore, a dissolved WSr boundary condition
was estimated to produce the BC-4 dissolved field concentration. The steady
pagticulate radionuclide activities are very similar to those found in the
d'Cs 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 Cs Comparison (pC/g)

Location Observed Computed

3C-3
Sand 4.99 2.4
Silt 4.79 2.9
Clay 7.86 9.2

3 26 pC/m3Dissolved 45 pC/m

BC-4 4/26/79
Sand - 6.0
Silt 2.51 8.3

- 9.2Clay .
45 pC/m3

Dissolved -

BC-4 4/27/79
Sand - 1.9
Silt 2.31 5.0'

. Clay 4.12 5.5
3 12 pC/m3Dissolved 15 pC/m

BC-4 4/28/79
Sand - 7.3
Silt 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

3Dissolved 4500 pC/m3 9 pC/m

CC-5 4/27/79
Sand 0.4-

Silt 0.877 1.8
Clay 1.65 2.6
Dissolved 16.6 pC/l 8 pC/m3

5.76
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TABLE 5.8. (contd)
137Phase 3 Cs Comparison (pC/g)

Location Observed Computed

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

90Phase 3 Sr Comparison (pC/g)
location Observed Computed

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

5.77
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TABLE 5.8. (contd)

90
Phase 3 Sr Comparison (pC/g)

1.ocation Observed Computed

BC-4 4/26/79
Sand 0.8-

Silt 0.081 0.4
0.9Clay -

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

1.5Clay -

1350 pC/m3Dissolved 1151 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

0.4Clay -

Dissolved - 250 pC/m3

5.78



TABLE 5.8. (contd)

Phase 3 "Sr Comparison'(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
Dissolved 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

|

239,240Pu Comparison (pC/g) !Phase 3

Location __ Observed Computed

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)2

Phase _3 ,239,2 OPu ,C,omparison (pC/g)

location Observed Computed

BC-4/2
Sand 0.0011-

Silt 0.0013 0.0028
Clay 0.002 0.0009
Dissolved 0.104 pC/m3-

|

1

BC-4/3
Sand 0.0030-

Silt 0.0032--

0.0027Clay -

Dissolved 0.019 pC/m3 0.113 pC/m3 !

CC-3
0.0005Sand -

Silt 0.003 0.0019
0.0280Clay -

Dissolved 0.104 pC/m3-

CC-5/1
Sand 0.000 2-

Silt 0.0007 0.0018
0.0075Clay -

Dissolved 0.102 pC/m3-

CC-5/2
Sand 0.0002-

Silt 0.0023 0.0019
0.0170Clay -

Dissolved 0.104 pC/m3-

CC-5/3
0.0001Sand -

Silt - 0.0015
0.0232C1ay -

Dissolved - 0.100 pC/m3

CC-6/1
Sand 0.0006-

Silt 0.0308-

0.0133Clay -

Dissolved 0.110 pC/m3-

5.80



'

TABLE 5.8. (contd)

239,240
Phase 3 Pu Comparison (pC/q)

location Observed Computed

CC-6/2
i Sand - 0.000 6

| 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-

0.0264Clay -

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

3Phase 3 H Comparison (pC/m )

Location Observed Computed

3 3
BC-3 290 x 10 160 x 10

3 3
BC-4/2 212 x 10 170 x 10

3 3
BC-4/3 315 x 10 160 x 10

CC-3 210 x 103 3250 x 10
3 3

CC-5/2 148 x 10 150 x 10
3 3

CC-5/3 235 x 10 190 x 10
3 3

CC-6/1 197 x 10 180 x 10
3 3

CC-6/2 215 x 10 160 x 10

CC-6/3 234 x 103 3
'

190 x 10

5.81

. - -_ - _ _ . . - . _ .
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At CC-3 and CC-5 (Figures 5.49 and 5.50), both dissolved and particulate
90Sr predicted by SERATRA are somewhat higher than measured values. At
CC-11 (Figure 4.51), the field verification dissolved concentration at
100 hours of simulation is closely approximated by the predicted value.

239,240 u__P_

At BC-4, predicted silt and clay specific acitvities 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
Field values for specific silt activity are in excellent agrggmgngPulevels.

with predicted values (Figures 5.54 and 5.55). Predicted dissolved 2a ,c4
at CC-3, however, is 20% of the field concentration.

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

3!!
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 DC-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

I37Phase 2 Cs Comparison (pC/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 5i-
,

Clay 1.90/2.l 14.1
3.0pC/mg/2.36 24 pC/m3

'
, ,

Dissolved ,-

s t
#'

CC-9
Sand 0.4

" i-- '

Silt 1.85 4.2 ' s.
'

Clay 2.74 12.2
Dissolved - 26 pC/m3

.

CC-11
,

Sand -- 0.3
Silt 1.41 1.4 .,

Clay 2.51 10.2, s

Dissolved 32 pC/m3--

; - U ;;
..

90Phase 2 Sr Comparison.(pC/g) I
s

Location Observed Computed .!

BC-4
. d

Sand 0.0- *

Silt - 3.3
.

Clay 0.327 5.1 ';
'

Dissolved 868 pC/m3 880 pC/m3 1 1'

.

CC-3<

Sand - 0.0,

Silt - 1.6
Clay 0.359 2.8
Dissolved 62 pC/m3 250 pC/m3 s ,

t. , \ l
.
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TABLE 5.9. (contd)
,

Phase 2_90Sr Comparison _(pC/g) (contd)

location Observed Computed

CC-5
Sand 0.0-

Si1t 0.192 1.5
2.8Clay -

240 pC/m3
+

Olssolved 177 pC/m3

C-11
' Sand 0.1-

Stit 0.185 0.4
2.1Clay -

Dissolved. 201 pC/m3 180 pC/m3

Phase ?_ 239,2 OPu Comparison (pC/g)
_

loc ation Observed Computed

BC-4
Sand - 0.0
Stit 0.0026 0.0057
Clay 0.003 0.0233
Olssolved 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 pC/m3

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

CC-ll
Sand - 0.0011
Silt 0.005 0.0029
Clay - 0.0104
Dissolved 0.06 pC/m3 0.04 pC!m3

5.100
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TABLE 5.9. (contd),

3 3
Phase _2 H_ Comparison (pC/m )

location t _0bs,erved
__

Computed

3 3BC-4 830 x 10 810 x 10
3 3 3 3CC-3 356 x 10 /383 x 10 /1055 x 10 200 x 10
3 3 3CC-5 312 x 10 /365 x 10 200 x 10.

3 3CC-11 298 x 10 190 x 10

Because of the high flows in this phase, large amounts of sediment were removed
from the sad into the water column accompanying the sorbed radionuclides. As
most of the criannel 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.

137 sC
-

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 concentagCs sorbed
ions in both

sorbed and dissolved forms are visible in Buttennilk Creek. 13

clay exhibits the highest radionuclide concentrations while sorbed sand has
the lowest radionuclide concentrations.

The predicted specific activity levels of particulate 137 s at BC-2 areC

highly dynamic with the clay-sorbed activity being consistently twice as large
95 those adsorbed by sand and silt. Correlation with measured particulate
237 s with silt and clay is good while the field activity with sand is fiveC

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 13/Cs 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 f avorably with the field values, activities appearing to be 5 hr out
of phase with f ' eld data.

The two sets of peaks diffuse and coalesce into two general peaks at the
radionuclides are transported to Lake Eric. Dilution from Buttermilk Creek to

5.101
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137 s by a f actor of fourCCattaraugus Creek reduces total concentrations of
whjle sorbed activity levels are reduced very slightly. High silt-sorbed
13/Cs 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 activity 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 magnitude 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
ted with clay is 40% below the field clay activity.

predicted value assogjpCs levels at the end of the simulation are four timesPredicted dissolved
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 f airly close to the field-sampled value while predicted clay
activity is 40% of the field value.

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

3_._n

Tritium does not interact with the sediment and is therefore influenced
Sincegnly by the nydrodynamics with some dispersion and radioactive decay.

JH concentrations at FC-1, BC-1 and CC-1 were not sampled during the Phase 1

data collectign effort, a boundary condition at FC-1 was estimated to matchthe measurrd H cgncentration at BC-4. Background concentrations were taken
from the Phase 3 JH 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 f actor of two. Downstrean of Springville Dam, the tritium concen rations
tendtoslowlyoscillateaboutanaveragevalueasthesharplypeakedgH
concentrations are diff used 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 excellent agree-

3H at hour 120ment with the field values. The longitudinal distribution of
is shown in Figure 5.64.

5.102
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A sumary of the observed and predicted Phase 1 radionuclide concentra-
tions is found in Table 5.10, Additional plots of predicted radionuclide
concentrations with field verification points appears in Appendix A.

The study revealed that SERATRA simulated general patters of radionuclide
transport mechanisms f airly well and 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

137Phase 1 Cs Comparison (pC/g)

location Observed Computed

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

321 pC/m .Dissolved --

CC-3
Sand 9.02 0.8
Silt 0.4?2/0.385/0.326 1.4
Clay 0.198/0.253 4.0

116 pC/m3Dissolved --

CC-5
Sand --- 0.5
Silt 0.887/0.740 0.9
Clay 5.46/3.53 2.7
Olssolved 26.0 pC/m3 106 pC/m3

-- = below detection.

5.106



TABLE 5.10. (contd)

137Phase 1 Cs Comparison (pC/q)

location Observed Computed

CC-9
Sand 0.2-

Silt 0.290 0.6
Clay 1.5--

Dissolved 80 pC/m3--

CC-11
Sand - 0.4
Silt 0.454/0.571 0.8
Clay 5.50 2.2
Dissolved 63 pC/m3--

Phase 1 H Comparison (pC/g) |

Location Observed Computed

3 10BC-4 461 x 10 460 x 10
3 3CC-3 305 x 10 290 x 10
3 3CC-11 206 x 10 210 x 10

,

i

l 5.107
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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 e 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.

1

TABLE 6.1. Assumed Conditions for Case 1

Half Life 6 hrs-

i Release Amount - 333 pCi

K for Sand 2000 ml/g-
d

K for Silt - 10000 ml/g
d
K for Clay - 20000 ml/g

d

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) |
af ter 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.

6.1

,
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TABLE 6.2. Assumed Conditions for 1291 (Case 2)
'

7
Half Life 1.7 x 10 years

Release Amounts - 333 pCi

20 ml/gK for Sand -
d

100 ml/gK f r Silt -
d

2W ml/gK or Clay -
d

6.2
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00012 INCLUDE egyggtg31g,pnNe
00031 0

0n014 L OGIC AL*1 FEW40d
09035 C

00054 UldEN510N ALEFl(3), ARAD(3), M(MAXLEV,MAXCON.11, H2(6s,
00017 1 PE030(3), COLot"AELEM,hANCON), DEN 8(3), DEP0(g),
conti 2 ILAfR(3), SC00R(6), SuMSD(3), SUdSDC(3), rNT(3)
on019 uAIA ZENU/1.uE.0/
000'40 L
00041 FERuud a . FALSE.
con 17 C

nacel INsILAvett)
0904e IPolL41d(2)
000s5 11stLATR(3)
00u46 C

00087 On (IJsle31
M b M S u t l J ) s d E P0 ( 1.1 )0004M .

SUMSOC(IJ)sutP0tlJt3)00019 .

IF(hEDMD(13).L1.0.0) SuMSOC(lJ)s=btDSO(!J)+hud3DC(IJ)000$0 .

00051 . . . F 14 A MiNN 1 0F CHEMICALS LEFI IN 10P MLD LAVLH,00052 C
Ap e ..

A"00NT OF Stt'! MENT LEF 1 IN fue MEO LAYE4unos) C ALEF1 ..
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(F'LE C: VE4510N 27.a6) tr.JyN.Sc t e s st.g i t PAlt 90002

30 r4 4 L
OC005 D*s (ttes,3)
AC05A AR80ill *0.0.

00057 ALEFT(!!)ma.0.

66459 ...Fl*
00039 C
003ht IP ( St ude( s )*C C004 (51 * SCOUP (3) .G T.O. 9) JD TO !!C
000t8 TF8staNfft)/La45(lleRNT(7)/Ot4t(2H 14)(3)/C(NE(3))/
99061 ( ft.v-Hva)
000A1 1ECO.uOfPU(3ptLEFU(2)sDiP0(3)
09064 Df Le(f t+ = SQ[V)/aDiv
e 0 0 t.5 IF(TDfp0.GT.0.0.AnD. Abs (CEL).LE.tEAp)
onc6s ceeeeeenenneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemen
G0047 G If Owl? F(PO4f Tt04 OCCOkt AND THE TDP i 4TER HA5 4 *.

c9r6e C THILF*r:31 t r 8012.. 79 AvelD 60aucEHtIIDG THE LLD *,

ockS1 C .No ni 64(taget c4 (nr etc , han Ct!MENI NITH e.

orc 70 C ANT (!) e D. A 7.9 ALCF?(1) AND A4eD(1) (GUAL 10 e,

ce871 C Oto9J18ED "A f t el AL AND CUAT AM!NA':! RCSPEC TIYtLt. e.

v4072 Cenee.e eneet ens eees weeeseee seneesen enwee. ee ewoneenne neeen
06073 ANT (1)s0,

nuo?e var (21s0-.

Quo 7e sNf(3)e0.

Gra7a DOF 0eN" Eta l.

40077 DD (Is t. 3).

00074 A L E * T ( t i n3 D't3 D (1) *CiL T D. .

00077 A840(!)e3U8tDC(gjePELTO. .
C0Jn) IF(PL08t(12,6T.e.J! A970(!)sA1 Anti)=Et0ED(!)eDELTD. .
00941 . . .F I N.

00t12 r. y 1020.

09063
teese....*!*a0099 .evene.4ee.eesseeeeeeeeeenmeeneeeeeeeaosmeseemseeeente

00ed$ c LaMFJtt9 stol"E'T (A1/d2) AhD C0t.fAh!N4NT (PC/M22 e
engel C bdSTDl"4 IN THL To6 ( Avis e

uncat to et e n ee s ee* ** et eeens e s.. e eeee ee eeeeeesme seees *eeeeeeeeeeee
900i9 119 IF (la.Lf.0; M*= G
C097 * AttPl?t)sNNfil),Seotf(11erELio4

00993 .HA0(1)enkT(t).H(N?tL.la,e) !"h8DC(t)*DELTD
01091 18 (Pfbr.ott).G1.c.01 Aue3t!)aeka0(3) BE040(12eCELTD
0o0 72 thi!L YPfl)
40393 17 flP.ti 9) IPet
0 0 9 'J e ALif 1(!)a ENT(21etaMED(2) 0f L10
1otos AN AD(Fl* eN' f 2) e81(eutt -iP.$i e taMhBC(4) a be t.YO
6009a IP(1EOSu(2),GT.J.n} eP to(21 sa4 An(2).BI O90(2)=DtLTD,

00097 iP e I L A r 4 '. 2 )
u 991 If (10 .LT, 69 Iket
o%eg AL! F 1 c 31 st s? t.4) e sonst;( 11. net :o
06190 S wa 0 (3) exS f ( 1)*a t uttD=19e 6) t Suh 0C t3)e CL1D
7 p i f> 1 IFtFt950(3).Cf.C.0) s9A0(33.A980($)=REtEG(3Jer!LTU
971c2 IJ e ILAYH(13
eet03 Ceeeeeene e .eeseeeeeeee.. seeeeeeeenene neesene eseeeeeee.
e.11$a : Je 6tha i*t Ant 5;L'rl'P 4 CO-FlifE L*TtW LL(Sit!) e
c0105 C * *c Aged (j) A hl ritPPL (i[g y p[([pq { hF,[ n

notos c... ..see. ....e ee.e,.e... ... .ee. ......e.een.eeae.eeen
091'7 IF (14.Lf.1) 00 81 771
00100 cae.e....e.ea..ne.e.ee...e. . ..,eeee..eseeeeeeer.o.exeese,
L91,9 L 1F (ILI s ''D SeNL F a)11 0 (ttPOStIIO4) adh WITHin e

8.E
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(FLFCS VERSION 22.46) 17=JU4=42 14856 11 PAGE 00003

ALEFT(2), AND AN40(2) ARE *
00110 C THE SAME LAYED ... *
00111 C COMPLETELY DETENNINED ... *
00112 C oTHENN!8E INCLUOE acull104AL LAYER 8
0n113 Ce**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
00:1a IF(IN.GT.1P)

IPP e IP +100115 .

00114 IF (IPP.EO.0) IPP e 1.

00117 DD (ITalPP,1N).

Nd a N8ED = 1700114 . . KND e (1.0= PUN)/(9(Neet)/ DENS (1)+5(N8,23/ DEN 8(2)+
|

,

00119 . .
00320 1 8(NB,3)/ DENS (33).

DELxNTa*Nue90!veH(NG,2)00121 . .
ALEfi(21sALEFT(2) + utLXNT00122 . .
AN40(2) SARA 0(2) + DELXNies(NW,5)06123 . .

00124 ... FIN.

00125 ... FIN
00326 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
00127 C IF CLAY AND SAND ENUS!JN (DEPOSITION) ANE WITHIN

e

00128 C THE SAME LAVEN ALEF T(3) AND ARAD(3) ARE ' e
...

e
nold9 C C APLETELY DETENMINED.... e
collo C OTHERM18E INCluoE ADu!TIONAL LAYEW8
nol31 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene
00132 IF(IN.G1.10)
0n135 103 a 10 + 1.

ont34 IF (!QW.EO.0) IQQ s 1.

00155 DD (ITsI4Q,IH),

00136 NR e N6ED = If. .
not3T xnD e (1.0=PUR)/(4(NB,1)/ DEN 8(t)$d(NS,2)/0EN8(2)+. .
30134 1. 8(NO,3)/ DEN 3(3))

.

00139 DELINTsMN0eHDiveR(N4,3). .
40140 ALEFT(3) e ALEFT(3) + DEL *NT. .
00141 ARAD(3) e ARAD(3) + DELENie8(N8,$). .
00142 ... FIN.

onta) . . .F IN
n014e Ceee**eeeeee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
00145 C ES143L15H THE B MalRIX VALUES FOR THE hEhLY CREATED e
00146 C BED ELEMENTS e

00141 Ceeeeeeeeee**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
on19h 270 CONTINUE
0u141 H1 s AltFT(1) + ALEFT(2) e ALEPT(3)
003%D AM e ( Alf F1(1)/DENH(1) + ALEFI(R)/ DENS (2) + ALEFT(31/

POR)0u151 1 OENS(3))/(1.0 *

90152 th a xd/colv
Ibehnlyo015) wFMAIN sam =

00154 IF (HFMAIN.GT.lEwas tw old +1
00155 NDEo asntu . In = 1
ontih IF ([N.Lt.0) NetD sNHEU-l
00157 4HEDI = Neto + 1
no15e beED2 e NMEO + In
00159 co (gast,5)
Doth0 02t11) e eLEPT(1x)/ul.

00th! f:2 ( 1 X t a l u 0.0.

pol 62 IF (H7(I M ) .tif .TEhn) p2(in+3) s 4HeD(IX)/eLEP f t!x).

culh1 . . .F IN
00164 CO ( I T e 49 t b l e h ts t h 7 )
001h5 00 (!*st,6).

B.6



(FLfCS VERSION 22.46) 17. JUS.82 14:56 11 PAGE 00004
00166 B(ly,13).e n2(Is). .
00167 ... FIN.
oplea ... PIN
00169 N'4LD e NMEO e IW
09170 EYSD a RENAIN
09171 IF (N(MajN,((,jERH) XfSu e MDIV
00172 HED e (N8E0 8) e angy e mygn
n0173 IF (NMED .07 MAELEW)
00174 WRITE (6,200) hdED. ,

00175 200 FON44Tt2W,'OEPORii10N F.ICEED8 PERMISSISLE FED DEPTM IN BEDHST',/,.

00174 1 55,'Noton',15)
OnlFF FENN04 o .TNUE.,

00176 ... FIN
00179 0
001A0 kETUNN
00lMt END

(PLECS VENSION 22.46)

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

,

|
!

l
!

!

B.7



|

(FLECS VER$!ON 22.46) !).JUN.82 IS100159 PAGE 0G001
|
)

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

00001 Sub20Uf!NE COLSV(ALEN, C, OEt t, 050, H4AD, h1LEM, 970T,
00042' ! 1EMPR, WOL, GOI, FERROR)
00043 C

THIS SdsRnUTINE U3ES 00Lbf83 METHOD TO CALCULATE fMC CAPACITY OF00004 C
00005 C THE FL0d TO TRA%S80kt SAAG.
00006 C
00007 C INPUf PARAMETERS
0340s C ALEN . SEGMENT LENGTM

430AL VALUE3 0F CONCEJTRATION00009 C C .

STANDARD ELEPENT TMICEFESS09010 C DELZ .

MEDIA *l BE0 SE0! MENT DIA-ETER (H)odoll C 050 .

NY3NALLIC RADIUS00012 C MHAD .

NOM 9ER OF WENT! CAL ELEMENTS00013 C NELE4 .

TOTAL FLOW 41TNIN THE SEGMENI00n14 C GTOT .

WAffM TEMPEWATURE00015 C IEMP4 .

AdEWAQE WELOCITf0001% C V e

VOLUMf00017 C VOL .

00016 C

00019 C QUTPUI PARAMETERSI
TOTAL 3AND INANSSORT00120 C GS! .

00021 C FENN04 . FATAL ERNGR FLAG (Let)
10022 C

noc23 C CALLED oft SAND
00024 C

00025 C THE C1LHY METHOD HA3 THE FDLLONING UNITS AND APPLICABLE RANGl3 0F
00126 C VaRIAutE3
00027 C A V E R AG E v tL 0C I T V . . . . . . . . . . . . . V . . . . . . . F pl . . . . . . . . . !.10 P P S
00028 C H V D R A UL I C R A G I U S . . a . . . . . . . . . . F M R A D . . . F T . . . . . . . . . . l .10 0 F T
00079 C aATEN SURFACE al3fH..........a.......FI,.........

00030 C PE01 AN 8tD M A TEkl AL SI ZE.. . ,.0850. .. .MM, . . . . . . .. 0.1 0.8 Mn
OC031 C T E M PE h A T UR E . . . . . . . . . . . , , . . . . T M P P . . . 0E S F . . . . . . 3 f.10 0 DE D.
00032 C Fir *E SEc!hENT CONCENTRATION..F5L.....MG/LITEh... 0=200000 FPm
00033 C TOTAL SEDIMENT LOA 3..........G81..... TON.........
00034 L
00035 INCLut.g egylgensgr,pnMe
00036 C

00037 LUGICAL*1 FERROR
00038 C

00039 O!ME NSION C(M *(LEM,N AituH),CF (5),0F (10),0G(4),DP(ll),05cG t 6),
00040 1 F(5,10), GtA,8,6), 11(2), JJtt), nK(2), P(ll), 1(7,4),
00041 2 TENF(7), VG(8Je Yt2,2), *A(2), ICI(2), M (2,23,
000*2 1 xG(2), AT(2,2), h*(2), YYC2), ZZ(2)

00043 C
00044 DATA G(1,1,1),G(2,leil,Gt3,let),4(4,1,12/1.0, 0.10 3.06, 0.40/
opos5 DA1A G(le?,1).G(2.2,1),G(3,2,1),G(e,2,1)/3.00, 3.39, 2.50, 2.00/
00016 DafA 4(1,3,11,G(2,3,lleG!),3,1),6(1,3,11/5.40, 9.0, 10.6, 20.0/

000cf DATA G(1,4,1),G(2,4,1),G(3,0,t),G(4,4,1}/11.0, 2 $ 0, 30.C,li0.0/
On04n uATA 6(t,$,1),4(2,$,1),4(3,5,1),G(4,5,1)/17., 44., 130., 503./

00019 OA1A h(1,6,1),C(2,3,11,b($,e,1),G(4,6,1)/29., 101., 400., 1350./
00050 3ATA G(1,7,1).G(2,7,ll,Gt3,7,1),Gt4,7,1)/44.,16".,T00.,2503,/
09051 JATA 'i( 1, h ,1 ) , G ( E ,2,11, G ( 3, m ,1 ) , b ( 4,8,1 ) / 6 0. ,2 2 0,,10 0 0. ,4 a 0 0. f
00u52 D8 TA 4(1,1,2).G(2 1,2),G(3,1,2),4(4,1,21/0.30, 0,03, 0.0, 0.0/
000$3 UAIA G(1,2,2),G(2 2,21e4(3,P,2),G(a,2,23/t.so, 1.20, 0.65, 0.10/

C.9
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(FLLCA VL93!ts 22.c6) 1)=JCw=SR 15:00:59 84GL 00002
00)Sa uAla G(1,3,2),G(2,3,2),Gt3,3,2),G(4,3,21/3.70, 5., 4., 3./04055 7ATA U(1,4,2),Gt2,4,21,G(3,4,2),G(e,4,21/10., 16., 30., 52./
0 'J 0 5 0 D A 1 A G L 1,5,2), G( 2,5,2 3, G ( 3,'J ,2), g (a, S,2)/17. , 40 , 80., 160./00457 UATA G(1,6,2),G(2,6,2),G(3,6,2),G(4,6,23/36., 95., 230., 650 /
03054 OATA C(1,1,2),G(2,7,2),Gf3,7,2),G(4,7,21/60., 150., 415., 1200./
00094 DATA G ( 1,8,2) ,0 ( 2,8,2 ) , G ( 3,6,2 ) , G ( 4, 5,21/ 01. , 215. e 620., 1590./
oa460 09fA G(1,1,1),G(2,t,3),G(3,t,1),G(4,1,33/0,14, 0.0, 0.0, 0.0/
00061 c4TA G(1,2,3),Gt2,2,3),G(3,2,1),G(4,2,3)/1., 0.60i 0.15, 0.0/
00062 DATA G(1,3,3),G(2,3,3),G(3,3,3),G(4,3,33/3.30, 3.00, 1,70, 0.50/
000$3 OATA G ( 1,4,3 ) , G ( 2,4, 3 ) , G ( 1, 4, 3 ) , G le ,4, 31/11. , 15., 17., 14./
ouG44 OATA J ( 1,5,3 ) , G ( 2,5, 3 ) , G ( 1,5,3 3,0 ( 4,5,3 ) /2 0. , 3 5. e 49., 76./30165 UATA G(1,6,3),Gt2,6,5),G(3,6,5),S(4,6,3)/44., 65., 150., 250./20n6 OAT 4 G(1,7,1),G(2,7,3),G(3,7,3),6(4,7,33/11., 145., 2'0., 500./tool 7 JAT4 :(1,0 3),G(2,8,3),G(3,8,3),G(4,8,3)/100., 202., a00., 700./
0J0*M 0 8 T A C (1,1,4), G( 2,1,41 e G( 3,1,4) e G( 4,1,4 f /0. 0, 0. 0, 0.0, 0.0/0 0 0 r. 9 0474 J(1,2,4).Gt2,2,4),Gt3,2,4),cga,2,4)/0.70, 0.30, 0.06, 0.0/00-)70 DATA 4(1,3,4).G(?,3,4),G(s.3,4),G(9 3,4)/2.9, 2.3, 1.0, 0.06/00071 JATA Gil,4,4),G(2 4,4),G(3,4,4),GL8,4,e)/tl.5, 13., 12 7./DATA G(1,3,4),c(2,5,4),c(1,s,4),9fe,5,4)/22., 3',, go.,,,50./nou72
10074 DATA utt,2,4),G(2,e,&),4(3,t,4),J(4,o,41/t/., es., 135., 210./2007. Glie G(1,1,4) 1(2,7,4),G(3,7,4),Gi4,7,43/75,, 131., 2tc., 410./93075 0.f4 G(1,8,a),G(2,8,e),G'),A,4),G(4,0,4)/196, 100., 350., 630./
OuG7b CnTA G(1,1,5),G(2,1,5),G(3,t,5),C(4,1,51/0.0, 0.0, 0.0, 0,C/00017 0411 G ( 1,2,5 ) , 3 ( 2,2,5 ) , G (1,2, 5 3, G ( #4,2,5 ) / 0. 4 4, 'J . 0 6, 0,0, 0.0/06079 OATA G(1,3,5),4(2,3,5),G(3,3,5).G(a,3,5)/2.6, 1.8, 0.e, 0.0/09J79 OAft G(1,2,1).Gli,4,53,G(3,4,5),G(4,4,57/12.e 12.5, IG., 4.5/90'!0 inte 0().3,5),Gt2,5,5),G(3,5,fi,G's,5,51/F4., 30., 35., 37./
M 991 OSTA t t i . 6,3 s ,i t 2,'er t i , G ( 3,6,11, G r e , i,11/52. , 70., 120., 190./00a42 yatA.u(1,1,5),C(2,7,5),Gt3,!,5),Gle,7,3)/03,, 180.,'il5.e 383./C;ual 3*fA

G t ) , *I,,5 ) , G ( 2,8,5 ) , G ( 3. ? ,5 ) , G ( 4,8,51/12 0. ,190 , 305., 559./0095s DATA 1(1, b), L(2,1,6), G |3 r t e e) . G( 2,1, t-)/0. 0, 0.0, 0.0, 0.0/00aoi LA7A 4(1.P,3),6(P.2,1),211.2,6),G(4 2,41/0.3, 0.0, 0.De 0.0/
060*t p'!A btl,3,6),2(;,3.o),G(3,3,6).0(4,3,62/3.9, 1.4, 0.3, 0.0/
D ' 3 '. 7 0'fA P(!,4,6),G(2,4,63.G(3,4,n).C(4,4,6)/14., al., 7.7, 3.0/0L094 Orta s(1,f,6),C(2.5 hl,C(3,5,6).G'4,5,6)/27., 24., 3c., 30./s0061 etiA 4(i.:,6),G(1,6,63,C(3,f,4),G14,:,61/57., 7 's . , 113., 170./C4393 0 6 ) *. Efi,7,4),Lt2,7,6),0(),7,5),G0,7,6)/13,, 140., 20C.,~330./00491 1,ATA Gil,*,6),6(2,P,6',3(3,4,63,G(4,6,h)/l:5., 191,,0309d C '

290., 520./

C )0 73 JATA *(1,1), Fit,2),F(1,)?,P(1,4),F(1,51/1., 1.1, i.e. 2.6, 4.2/0009' D6TA 5 E t ,2),F (2 2),F (3,2),r( c.23,9 (5,2i/1,, 1.le 8.65, 2.15, 4.9/GaJ95 Cats #fi,1),7(2e3),?t3,1), Fit,3),F(5,!).*1., 1.1, 1,7, 3,, 5.5/300'i2 astA e-(1,4),rt?,4) F(3,4),F(4,a),7is.=)is., 1.12, 1,9, 3.6, 7./60441 D'iA Ftt.9 ),8 (2,3),5 ( 3,5), r g e ,5 3,7 (5,5) /1. , . 17, 7.05, 4.3, 8.7/0049.' G r. f A ' Lees),t(7,: 3),Fi3,%si te,6),,*(t,6)/t., 1.2* 2.3, 5.5, 11.2/t
00;1Y G4TA ist,1),F(i,7).F(3,1),5!4,7),r(5,7)/1., 1.2<, 2.15, C., 22./00:0? OAiA F(1,e),'t*,8),F(3,9),Ft6,8) r(5,6)/1., 1.23, 3., 1.6, 24./t>1ri asia f(*.$i,F (2,9), F i le :),' (4,7),1 ( 3 1) > t . , 1.3, Y.5, 12.. 4J.,OJ14/ 18!A ?(1,10).eti,1)?.6 tl,Ict F(e,so),,(3,;1)/t.,1.4,4.9,2?.;t20./aniC3 C
03894 3ATA 1 /t.2, 1.13, 1.10, 1.96, 0.9Je c.35, 3,e2, 1.35, 1.75,
Galls 1 1 12, 0.97, D.a6, 3.80, 0.75, 1.60, 1.40, 1.20, 0.8',30100 ? 0.00, 0.72, 0.6%, 2.v4, 1.65, 1.30, 0.63, 0.72, 0,63,00107 3 v.55/
00108 C
091a7 Gafa LF /0.80, 0.20, a,30, n.60, l.00, 2. v ' , 6.00, 10.c0,J
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(FLECS VEk810N 22.46) 17 JUN=92 15:00:59 PAGE 00003

00!!0 1 20.00, 1.E2/

00111 C

00312 DATA CF /9. v .* , l .E 4, 5.E4 1.F5, 1.5E5/

00113 C

00114 OATA P /0.60, 0.90, 1.0, 1.0, 0.83, 0.60, 0.40, 0.25, 0.15,
00115 1 0.09, 0.05/

00116 C
00117 DATA OP /0.10, 0.15, 0.20, 0.30, 0.40, 0.50, 0.60, 0.15,
00118 1 0.80, 0.90, 1.00/

00119 C

00120 DATA OG /0.80, 1.00, 10.0, 100./
00321 C

00122 DATA VG/1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10,/

00323 C

00124 OATA 0$09/0.10, 0.20, 0.30, 0.40, 0.no, 0.00/
00125 C

00126 DATA TEMP /32., 40., 50., 70., 80., 90., 800./
00127 OH50 m D50 e 1000.0
00128 Felq AD e llN AD e 3.280833
00129 IMPR e TEMPR e 1.8 + 32.0
00130 vs (QIOT * ALEN/v0L) e 3.7975E=5
G :? t 31 w a v0L/(HRADeALE9) * 3.2R0833

FSL.... FINE SEUIMENT (1.E. C0HE81vE SEDIMENT OR WASH) LDAD00132 C *e*

00133 C IN MICR0 GRAMS / LITER ese
00134 FSL e 0.0
00135 00 (IXst,NELEH) .

00836 F8L e 5 8L + 0.5e(C(lx,2) + C(!*+1,2) + C(IN,3) + C(!Xtle3))
.

00137 ... FIN
00138 F SL a FSL/NELEM e 1000.0
00139 C
00140 IF((OH50 .LT. D50G(1)) .OR. (Uh50 .GT. D50Gt63))

FENRUR a .TRUE.00141 .

00142 WRIIE(6,1).

Onl43 1 FUNNAl(//10X,'eseos FATAL ERROR == SUHN00 TINE COLBY *****')
.

mRiif(6,2)00144 .

FukMA1(10Me'***** DnuT ee**es)Oute$ 2 .

00146 ... FIN
0884) IF((*MNAD .LT. UG(1)) 0R. (FHNAU .GT. DG(43))
0014A FEekUR e ,1RVE..

O L'149 4HlfE(6,1).

trol 50 waI1L(6,1).

00151 3 FUNHeI(10X,'essee ROUT esses').

00152 ...Fik
00153 IF((V .LT. vG(ll) .OR. (V .GT. VG(8)))

FLNRUN e .TkUE.onl5a .

Onts5 kkiiE(6el).

>H11Efb,4) y00156 .

0015T 4 F UNH A l(10x, s e e... vnUT esese'eFlo.5).

00158 . . .P IN
00159 UNLES$ ( F t kR U8:)
00160 IF(IMPk .Lf. 34.0 0w. fpFP .GT. 100.0).

00161 TMPH e 32.0. .
00162 ... FIN.

00143 101 e o.

n0161 tot e o.

00165 Du (Ist,3).
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(FL(C8 VER$10N 22.46) 17.JUta= 8 2 15100159 bast 00004
00166 IF (fFHwAn .GE. DG(I)) .AND. (FMRAD .LE. DG(I+13)). .
00147 101 e !. . .
00166 . . . 102 e I+1
00149 GO TO !!4. . .
00170 . . .F I:4. .
00171 .,. FIN.

00172 114 CONTINUE.

00173 Iwl e u.

OnlF4 Iv2 a 0.

00175 I'0 (Is!,7).

00176 IF ((v .GE. (G(I)) .AND. (v .LE. v6(!*13)). .
00177 IV! e 1. . .
00174 IV2 e 1+1. . .
00179 Go To 118. . .
Ontau .., FIN. .
00181 ... FIN.

00142 118 C D'4 T I N UE.

00143 IDS 01 a 0.

00lne 10502 a 0.

colas 00 (Is!,5).

0016e IF ((OH50 .GE. D50G(!)) .AND. (0850 .LE. u50G(!+13)). .
00147 ID501 e !. . .
00188 ID5u2 e r+1. . .
001A9 GO l'1 122. . .
00190 . . . P i t!. .
00191 ... FIN.

00192 122 CONTINUE.

volv3 6 !!(1) e 101
00194 !!(2) e 107.

04195 JJ(1) e IVI.

00116 JJ(2) e IVP.

00197 NK(1) e 10501.

00196 Mg(2) e 10502.

00199 00 (Ist,2).

00200 Il e II(r). .
09201 XX(1) e ALOG10(DG(II)). .
00202 00 (Jet,2). .
00203 Ji e JJ(J). . .
00204 yy(J) e ALUGl0(v4(J1)). . .
00205 00 (hele2). . .
00206 . . . . Ni e WM(k)
00247 ZZ(4) e ALOG10(050G(MI)). . . .
102ne ;F (Gt!!,Jt.<ll=0.) 123,123el2T. . . .
OJ2n1 123 CONF!NUE. . . .
0J710 00 (J3sJi,7). . . .
0u211 IF (G(II,J3,K!)=0.) 124,128,126. . . . .
00212 124 CD9f!NUE. . . . .
00213 ... FIN. . . .
00214 126 CflNIlvuE. . . .
00215 N(J,k) e ALOGletG(II,J3,nt))+(ALOG10(vGtJt)/VG(J3)))n. . . .
00216 1 (ALOG10(G(II,J3+l,KI)/G(11,J3,Kl)))/(ALOG10(VG(J3+1)/. . .
o0217 2 vi. ( J 3 3 ) ). . .
0321e GO 70 12e. . . .
00219 127 CowflauE. . . .
00220 (J,M) e aLOG10(G(It,Jl,st)). . . .
00/21 12e CONTI30E. . . .
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(FLEC6 vtR$10N 24.46) 17.Joa 62 !$400:59 PAGE 00005

. . . . . .f !N00222
00223 . . .F IN. .

AD a ALOG10(OM59) = 22(1)00224 . .
r(1,1)XNI e X(1,2) a0022$ . .

00226 an2 e N(2,2) = x(2,1). .
2Z(1)00227 40th a 2Z(23 -

. .
De224 X4(1) s xtiet) t FN1*z9/NDEN. .

XA(2) a Xt2,1) + gAraM0/)CEN00229 . .
00230 ENM e M4(2) a XA(1). .

00231 40Y e yf(2) . rt(1) 1. .
XG(1) e AAtt) + *NHedv/40) )00232 . .

00233 ... FIN. i

00234 XNM e MG(2) * Xy(lj. xx(1)NO e AtcGle(FMatD)00235 .
=

,

oc236 McEN e xx(i) . tr(1s.

00237 GioC e Xutti + 4ee t xO / 4 cF t:. 1

00236 G10C w 10. war.TOL.

0023) C .

042au C * * * G!ut I3 LNCC47stito : IN LoritC/PT eae.

Oai41 C
00232 C *** NEXT U P.T Fl* f SEDIMENT tr AP A N;t TC**TAATW4E C07? CT{cwi pe.

.

.

09243 C ,

Jolet drEN (IMPR .EW. 40,) CTT & 1.0,

30245 ELSE.

111 a 0002-46 . .
172 e 00+t247 . .

03248 00 (I ri.e). . IF ((1*P9 .eE. It#d(I)* .asL< (TM/9 ,Lt. itrP(!*ll)?03249 . . .
002$0 I '1 a i. . . .
on/St 172 = !+1. . . .

t 0 TO 1 50On252 . . . ,

. . . . . . F ) .%cn255
00254 . . . f : *1. .

006 71t UE(C255 136 . .

00256 41(1,1) ALOC1;(T(lit,'L13)*
. .

00257 4)(2,1) e atutt'(rt:T!,;D13:. .
MT(1,2) i AL+A10(Ttlif,ID83)00258 . .

00259 A T(2,2; a . Lug.9 t I(lide Ir21). .

03260 XNT a ALO110(TerP/1Ee0(I111) pat 13 0(itMF(112)/1gtP(111)). .
G0261 XCT(!) e Af(t,1) + VNTe(77(2.t} = A111el)). . 4T(1./))00262 . . XTT(2) a y f(le !) . sN!a(ZTt2,2? -

00263 C/r s xCf(;) * (Xt:(?) . x0f t:3J4s)/Ot s. .
'J0264 GFi * ;0 * +(F f. .

00265 . . . F i <i.

90266 C .

10267 C * * * F IHL $2 01HEt f Lur'2 CrHWi t TIC v ten.

10269 C .

30269 W 1t '< (*SL . Lt . 10.1 r_8 Fat.'.

002'o ELS*.

00271 101 e L. .

00278 In2 e 0, .

ou (1st,9a09273 . .
00214 IF((FHaan ,G . 06(33) . A rG . FN489 .LE. 0F(39157. . .

I tl .1nJ275 . . . .
11,2 4 to100I16 . . . .
'M 10 lu20e217 . . . .

!
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(FLfCt %ER3ICN 22.44) 17.JU'4 62 15:00:59 PAGE 0C004
002F8 ...F1w. . ,

04279 ... FIN. .
00230 142 C04 f !NUE. .
03281 Det N (FSL .Gf. 1.E*5). .
30de2 *HIfr(e,5). . .
00243 5 F0HH4T(//lCA,886*** $UHR0'J11NE CGLBY == F8L NENT a 1.E+58). . .
00269 IF1 a 4. . .
34265 IF2 e S. . .
90284 ... FIN. .
99267 LLSE. .
00248 1F3 a4. . .
8942^9 1(2 s 0. . .
00794 9.1 (Ist,4). . .
03291 IS ((FSL .LE. CF(!)) .aNO. (FSL .LE. CF(!*1))). . . .
00?92 IF1 * I. . . . .
00293 IF 2 s. !+1. . . . .
06/44 r.0 7 9 148. . . . ,
on?95 . . . F i ra. . . .
0:296 . . . f t ti. . .
44297 14S CO-1:NUC. . .
00299 ...FtN. .
ro299 y.e g g , i ' s ALOG10;Ft:ft,ID1)), ,

003ro tf(2,a} w v,qs;;(F(gr8,102)). .
403 1 s*(1,21 s ALOG13(,'(lvt,IO4)I. .
'JU3r2 >F(s,1) e Aloe.20(Ff DP,IDI)). .
00303 EN1 e (ffL * CFilf!!)/(CF(IFE) = CP(Ift)). .
0v104 4C?t1} o tr(f.1) + At:f a (DF(2,1) = Ff(!,1)). .
0t345 Act(?) 4 rFC1,21 + y1;a(AF(2,2) * NF(1,2)).

00396 #1T w ALC'.in(Fngto/tF!!D1))/AltG10(OF CID21/0F( 01)). ..
00J07 Cff J 8CT(l) + XNT*(RCI(2) = *LT(ill. .
u530s Ctr a te.*erFr. ,

G e lo 'd .. 814.

G4310 7;F a C/T*.Cr* !,0. *

0 ''I t n CTO ? t,.

403t2 U M.E 90 ;tDDh3 01, 0.23) , 4 t40 (0230 .LE. 0,33}}.

e3}l3 IP; a 0. .
49314 192 s J. .
.0385 so (;ml.1D). .
't 0 316 tr ((Oc30 . Gt; . eP(13 .An]. (0950 .LE. DPi!+:))J, . .

0e31? !F 1 * T. . . .
#1319 JPE a i+1. . . ,

0134'' GC TO is!. . . .
30nto ...Fl**. . .
0032 ...f!h. .
OL32c ;33 ', M 11 '4 L E. .
0932i PJ s ALOCID(P(IF73). .
00324 W: 8 #LO;10(PtiPil). .
00}?i ANT e A( UG10(t e spinF (14|)) / A(nG10(' P(li'd)/CP(IPIl #. . J001st Ott u el + r,t (,'? P1)-. ,

00)?7 CFe m } 0,4.Ct a,

003tC . . , F 184.

C0329 FFt a CFr a TCF.

uo310 FFF = FFF 4 1. e,.

00311 GSI 6 *FC GTitC. .

C0134 C .

0031) C *** CrNyrtTIN3 fi31 FM9" f if"e5 f p A (/F f ) TU Caf./s*(/PJ ***.
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00334 GSI e US! a 2.97632PE*3.

00335 ... FIN
00336 RETURN
00337 E' 0
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(FLECS VENSION 22.46) 17.JUN.62 14156824 PAGE 00001
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00001 80NROUTINL COLLAP(ALEN,4REA CeDELZ, ele! ELM,M,N[((4,
00002 1 CELCTR,fMASS,4.ID,vsET,DFZ,CNUDE,XGAREA)
000n3 C INTERPRET 8 INITIAL CONDITIONS
00004 C CROSS =8ECTION
00005 C SEDI4ENT CONCENTRATION 5 RG/M3
00006 C PARTICULATE CONCENTRATIONS PC/4G
00007 C DIS 50LVfD C04CENTW4fl011 PC/43
00006 C ARRIVES At BOTH
00069 C N004L CuhCENTH4fl0NS
40nto C ELEMENT AVERAGE v4LUE8
00011 C NOTE (l..uELZeN8/EZ) MuSt BE >0
00012 C

00013 REAL MSAB,MSBR,H341,M3BI
000t4 C
00015 INCLUDE eELMggZ ppne
00016 C
08417 ujMEN310N AREA (MxELEH),C(NXELEN,NANCON),IELN(MkELEM), 100019 I EL(MXELEM),CELCTR(MAELEM,MAXCON),TMA88(MAMCON),
00019 & An!D(NXELEM),vSET(3),DFZ(4),CNODE(MXELEM,MAXCON),

,

00020 3 x8 AREA (MufLEM)
00071 C ,

00022 MLENat./ALEN
00n21 ELTOPs0ELZ
00024 mIsARE4(lleRLEN
00025 nJsAREA(2)eBLFN
00026 DELEysEL(2).EL(1)
00027 CIsC(leM)
000/M CJmC(2,4)
00029 NELM8fel
00030 HSARsOELEVe(CJeWJ/3.+CJ*WI/6.+CleWJ/6.+CleWI/3.)00031 M5dHm0
00032 TMASS(Also.O
00013 C
00034 IF (N .NE. 7)
00035 GtsC(1,K+3).

00036 GJsC(2,K+1).

0003T CONat./12.

0003M PMSAHauELEvat.25e(*JeCJeGJ+wieCleGI).

00039 1 +COH4(NietleGJ+wJeCleGJ+dJeCJeG1
0u040 2 WieCleGJ+wleCJeGl+4JeCleGI))
00041 PNSbus0.

00042 TMAS$(M+3)mo.0.

00043 ... FIN
00004 Da(IslebELE*)
40045 NELHIPsIELM(1).

00046 ELIPerL(NELMTP+1).

00047 ELuisEL(NELMTP).

On0 e> NIsANE4(NELMTPl.plLH.

U0049 =JoAREA(NELNTP+lleHLEN.

00050 CisC(htLMIP,w).

00051 CJsC(NELMIP+1,x).

o0052 FActe(tLipp-Etal)/(ELrp.ELMI).

00053 F AC2s (ELip.Et g.w)/ t t L TP. Eta t ).

|
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(FLEC$ VER3 ION 22.46) 17-JU* '? 14 56324 PAGE 0000d

CTOPeCJerAC14LgeFAC206054 .

00055 Wil'Ps>JeFACt+Wl*FAC7.
MC Af stf LTP.ELTur-)+ f CJ*pJ/3.+rJ edTOP/t +Cf 0P* *J/606056 .

00657 1. tCTCPariOP/3.)
MSefo(*LTOP=fLui)*(CTOPawf6//3.*CTOPed3/600056 .

0G059 1. +Clem10F/6.+Clawl/3.)
IF(M .NE. 7300060 .

GIsC(NELMIPem*3)00061 . .
03062 GJsC(NFLMTPtl.N+3). .
000f3 GioFsGJ.FACl*0! arac 2. .

P M84 T e(EL f P=ELili8 i e ( .d5 = (WJ aCJ*9J t wiO?e CT 06 * 470P)000ba . .

n1065 1. tCPNe(wf0P.CJeGJtWJeCTOPeGJtWJacJaGTCPe.

eco66 2 410**CiaseqJ,MfuPeCJs610PerJeC10'*870P))
.

PNS6Te(elf 3P.ELefla t.25s twicPAC10PeCfcP+kl*CI*SI)C0067 . ,

Josea 1. + L OH a ( +:1*Cf 0p*GT09tNTCPetleGf os+wiede( f JPe41
.

taTOFeC1+G teleC13PsGitw!*ClsG10P))00564 2. .

30070 . . . F I *e.

00971 IN9fCoMELMFP-NELM4T.

(0072 CHA93au,.

tc?73 FMASS*1,.

0907: IF(twDit .tG. Cs.

0h075 ChassakSpf.Ht99. .
Gi4To IF(4. ?$.'7) 'M48tePHSBf*PMSDM. .
C"077 .. 5 17.

IftisogC .GE. :)CLore .

rip 19 Cre33eM!bi+4348. .

06?i0 IPtn .NE. 7) Pd%83erM00T+PMeit. .

900Mt ... FIN l
. 1

*)30e7 IF(!*01C .GE. 2).

000Al Da(J4NELdaT+1, r:g( Mir.t ). .

0 0 L a <t ClaC'.Jed). . .

099a3 CJoc(Jtles). . .
R:eAutA(J)eatl4cirN5 . . .
visaa! A f J+1).Ft ENonc47 . . .

OucA8 CH A 15ecea ss e oiLEv s (C. e wJ/ 3.*CJ a n:/S, t C i v vJ/6.+Clo d!/3. ). . .
* F f > .f E 7 )S0094 . . .

C1st(J,A+1)0^091 . . .
OJrC(J+1,gt3)OLa91 . . . .
PN A85a PH A Sit 0 ELE v e(.25 4 thlf Cl eG1 tv.' *C. eGJ)+0r09/ . . . .

CCe a(ditCJaGJ+=J* Clos.i nJerJ< G: e080?) 1. . . .
WJ 4'.14 3:tml+CJaGI.vIngl s ji '0101r 2. . . .

. .F lf'409 7: . . .
...'1N0909$ . ,

(+ 0 9 7 ... fan,

IM AS3 (R) aim,8 53(u.J t. 44 5S a tt e n00098 .

00099 !F(F .FE. 7) TMA35(A43tsfMa85tMttitpdAS*. ster.

0^100 C .

DCTEP4INf CELL CEh?EN!9 9Att*5n)teg ; .

Outh? C .

(21 l CELCid(!.4ieCha$s/vsaga. <g).

09108 IF(4 .N;. 7) CEt C f w(J n+3;mP9ae3/X54tE A( n).

netos C .

00406 C OLYELOF N094L V4L UES UP CONC F.i f a a t i c4.

0o141 ( ,

00109 aNtH(1 .EQ. Il.

0G109 nHLN(n ,(f . 3). .
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(FLECS VER3104 .'2.46? 17eJth.a2 tatsg 24 Pact 00001

00110 C . . .
80111 C Nitts cda28 IN M3/M. . .
uutt2 C , . .

Sull3 CCErmo.. . .
00114 wc=vaEf(mla4wC.(1)/(4htottla4 leu). . .
40115 tZe0Fl!K). . .
nutto (930t(ten 3*(2.*CMA39/4544EA(1) COEF* DEL 2#EZ)/(F,* DEL 2s*S/FZ). . .
00117 CNa0E(2,M3sa.*CMAS8/*3 AREA (13achooF(len). . .
0u118 0400E t t,y,1)s(2.* Peas 8/WS ASE A(1)=CCEFe0EL7/EI)/(2.*Ete')El I/f t). . .
u0119 CN00E(2,mt3)e2 PM43s/z8a9EAtt).CN004(1,dt3). . .
00120 ...P!N. .
00121 Et. 30. .
00122 Cf.30E(1,M ) sC M A S$ / A E 4WEa ( t ). . .
09123 C t4r?0C (2, M ) sCN 3c t (1, M ). . .
00178 . . J Pi. .
00125 ...'3:4.

n0126 E t. s E.

00127 CWSOE(!+1, Mis 2.eCM483/vaaREs(I).CNO3E(1,4). .
90126 AF ( $ .LE. 33 CN00E (It t,K+31st.*PMAB8/tSanE A(!)=CNCot (1,M;31. .
0u129 ...rIN.

00130 t .

091)! C 041Id5~tTE ACTTnM ELEMENTAL Na0E thPO'tMATION.

0u132 C .

0013) Mtaam'4847.

00134 Me*Ss**ST.

00135 EL10i's!Liop + 0EL Z.

00156 N:LM9(eN!LMfp.

00137 IF (" .NC. 7).

09:38 SM3PBsPM94T. ,,
00139 9'd 9 % gl'M S D I. .
00140 ...rts.

notet ...r14
00142 N E TliW"
0084) END
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........................................

00001 SU4 ROUT!4E CO*8(M, 8, 2, R)
Oncor c

THIS Sua40011NE MULTIPLIES THE UNSYMMETRIC BAND MATRIN (8)00003 C
00004 C of THE nNod LOAD VECTON 4ZD AND ADOS THE RESULT TO <Nr.
Gnon5 C |

00006 C CALLEU RY TRANSP.
00007 C

44900 INCLUDE 'EL*SIZ.PRH'
00009 C
00010 NEALe8 R,5,f
00011 C

00012 OIMENSION $ (M W[L(84p]), R(WX(([Hjp T(NX(LEM)g Z(NNEl(M) |
00J13 C
00014 w(tisN(1)+s(1,2)eltt)+8(1,3)*Z(2)
00015 d(Mied(M)+S(M,1)*Z("=1)+8(N,2)eZ(M)
00416 .)o ( I s 2, M.1 )
90017 y(11es(I,13eZ(1 1)+s(I,2)eZ(I)+3(I,3)eZ(!+1).

00018 a(1)eatg}+y(1).

00049 ... FIN
00020 RETURN
J0021 END
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(FLECS VEDRION 22.44) 17. t'J4 92 15801823 PAGL 00001

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

00001 SU8NUUff4E DIAG (ECH02, ECHO), ECH04, ECHOS, ECH06, ECM07,00002 1 ECHon, ECHn9, EGH010, ISEG, J8EGe SAVECM)0000%
lug! cal *1 ECH02, ECHU3, ECH04 ECHOS, ECH06, ECHOF, ECHUS,on004 1 ECH09, ECHolo, savtCH, eNT8EG

90005 014FNSION JSEGt5), SAVECH(lo)
00006 ECHU2s. FALSE.
00007 ECHole. FALSE.00005 LCHuge. FALSE.
00009 ECN058. FALSE.Uanto ECHues. FALSE.
80011 ECHO 7eSAVECH(6)
00012 Ethnes. FALSE.
0u013 ECHoge. FALSE.
00014 ECHOI0s.FAL8E.
00015 h4TSE4e.FALSr.00016 a0EN(J5EG(1).Ed.n) rpf3EGs,Th9E.00017 ELSE
coola Do (Jet,5).
00019

IF(J3EG(J).En.18EG) WR T 8t G s. T RLIE .. .
nen2n . . .F I H.

Un021 . . .F I N
00022 IF(4WfSEG)
00021 fCH02s5AvfCH(1).

0007e FCHu3e3 A VECH(2).

0n07s ECHomeSAVECN(3)
*
.

00074 ECH05eSAVECHie).

noud7 ECHU6s5AVECH(5).

00028 ECHUPe8AVECH(7).
08029 ECH09sSAVLCH(8).

00010 ECHolosSAVECH(9).

00031 ...f!N
nno3t hEtuwN
00u13 E*D
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44301 8 &lRt:UTINE O!PDAT(ALEN, Ag(4, SQ{W, UED. DLZ$AV, ECHDe ELEV,
OJuo2 1

HLUEPR, 13EG, NUED, DELEM, WJMERR, 'ELEVe

00e03 P
POR, PIVER, tiSO, EL)

J0004 C
!$ RCGPO4 BIBLE FOR PEA 01NG th0 PNGCESS!HG THE DATA1,its scul!NE19005 C

CESCHINI4G 1HE SECMENT DIFEN!!0M8 A'*D ARCASG c o ".6 C

300s7 C
at;3a9 C FCRMAL P AW AMETERSe

BEGMENT LENGTH00')04 C ALEN =

$EG=ENT A4EA00010 C 49EA e

ST AN0 Ako 6ED T4tCP.NE SS00011 C 6014 =

!N!TIAL RED THICFN!3590912 C 6FD a

09311 C 04,Z1 A V . afAhaAHO fLE*ENT TdICANZ23
LINE PWJhTER ECM0 0Pfl01 CONTRot VARIABLE (Le!)00014 C ECHL

I LL V A T IUP:S A80dE TH* dED CORRESPUN0!a3 f0 idt aftvENT AREAS
.

Ot*19 C CL *

ELEv4110N JF THE SEGMErifnooth C ELEv =

0)otT C HLDERR = h0LOING ARR)f FCR ERROR huMk(Ad (6fiE)
CULtENT AEG"ENT Nud8ER00018 C !sE4 -

Num6ER QF 820 LATER8400!? C NofD -

NUMBER OF YEHTICtl tLEMENT30702J C NELEM -

P*3J1 C NOME 1R * NUMBER OF IN'UT ER4041 CITECTfD
OF8TREAM ELEV AT!QN OF *E3 MENT NUMtER IO' Oi2 C PFLEV =

F'091SITYC)oP3 C POR =

$HEAW STRE3G COMPUTATION CONTROL VARIABLE00014 C RIVEN *

frtIC,hNESS uF fpt TDP GEO LEVER60825 C AY80 =

G00/6 C

Goo 2T C CA(LED ift SCRATRA
OCn?9 C C#LLSI PWTEmp
00 Gtt C

0J030 INCluoE ' ELM 6:2.PR"'
00J31 C

03f32 eTTF HLDERR(1003
5003) C

00034 L961CAbel ECHO,9IVER
0003L c
0903% Ol*Eh510N AWEA(MNELEM). EL(MAELEM)
AJc37 C

00034 C C 4 dp 1. . . . . .. . . 8Ef4*f N T O !Mf etsiras
S0037 C

0004) C Coi . t- 5...NELEM.....NueeER Or VERTILAL E(EP4t415
0166: C b= 10. . . N Rf D . . . . . .NU+t!W OF PEO tAYERS
30?a? C

11-20...?L184v....*Ta, Dana ELEdLhi THICKNESS (MffCMSP
69043 C s t-lo . . .o DIV . . . . . 31 aND A ac HED L A TEH THILANE!?
Cf.Os4 C 31. a c , . .L E D . . . . . . . I N I T s A L PEJ Talc <hEss f Mt :EHE1

0(145 C 41-50...altN . . . . . , L F ' 314 Of THE SECMfh7 +dtTE431
Os U.S C 51-co...ELEV......ELEVAf104 0F 1HE 8(4HENT (METE 468
cuoa7 C 61*?o...fJ4.......Pufustry

00041 C
T I-ar . . .PElk) . . . . .Up 3Ipt AM Ettv4T10% 07 PEEMENT 1 rNLY

r0.C15dt4R 8f4E3J C09PufLC JS!40 VfLCCll,010d7 C u t s tn t PJT I0rt Ama MED Wlb;dN531
si"JSO C T4FStavtIR)90001 C

00052 0
on.Cf33EAd 3Als$ c'31sufcp ustN ; s J T TO't

J005) C
SLOP, hvosAu~.IC WACIUS AV) LPEC1f!C
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(FLECS VEW8tum 22.th) 17- JU'i= R 2 15:01:24 PAGE 00002
00054 C

eEIGHT OF WATER (FREE FLOWING00055 C WlVEd)o0056 C
00057 wnEH (ISEG .EQ. 1)00059 REAU(lell NELEM,NUED,DLZ84V,MDIV, RED,4LEN,ELEVePOR,PELEV.

00054 WHEN (PELEV .EW. 9.0) river e . FALSE..

00060 ELSE RIVER e .TNUE..

00061 ... FIN
00062 ELSE
00063 HEAD (1,{{} NELEH,N6ED,DLf3AV,uDIV,HED,4LEN,ELEv POR, RIVER.

e00061 ... FIN
00065 C
00066 C *** XY30 == THICK:dE53 0F THE TOP SED LAYER00067 C
00069 4f80 m HED = (NSED=l) * HDlY000h9 IF (ECHD)
00070 WRifE(4,5) !$tQ.

60671 = Wile (6,2) NLLEM,NMED,DL28AV,8DIV,UED,ALEN,ELEY,PON,XYSO.
On0F2 IF (18EG .EU. 13.

00073 > Rife (6,6) PELEV. .
00074 WHEN (PELEV .EG. 0.0) WR!fE(6,7). .
0007% ELat WRITE (6,8). .
09076 ... FIN.

00077 ... FIN
00674 C
00079 IF (NELEM .LT 0 .OR. NELEMel .GT. M*ELEM)400eo MRiig(6,100)MELEM,MIELEM.

00061 100 FORMAT (5x'FROM DIMDATs NELENee!3e m*ELEHs813)
.

40062 C .

08083 CALL PUTERR(13,NUMERd,HLDERR).

0000e ... FIN
00085 IF (NMED .LE. Of CALL PUTERR(4,NUMERR,HLDERR)00486 IF thnEn .GT. NA* lev) CALL PUTERR(s NUMERR,HLDERR)06087 IF (DL!saV .LF. 0.0) CALL PUTENN(7,NUMENR,HLDERN)

e

noone
IF (8014 .LE. 0.9) CALL PUTERR(6,NUMERR,HLDEPR)00u89 IF (LED .GT. NBLD*0DIV 0R. BED .LE. (NBED=l)e8DIV)0d090 CALL PUilRR(9,huMENN,HLDEMR).

00091 ... FIN
000V2 IF ( ALEN .LE. 0.0) CALL PUTERN(10,huMERR,HLDERR309093 IF (ELEV .LL. 0.0) CALL POTERR(llehudERR,HLDENW)00094 IF (POW .GT. 1.0) CALL PUIERN(12,NumERR,NLDENN)00095 C
00096 C CARD 2.......... AREA 0F EACH FLEMENT00097 C
00098

C*eteeseeeeeeeeeeeeeceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee00099 L 6/9/A1
colon C
00101 C >4N>lN48
Cole 2 C

A r40NIEND SURFACE AREA 18 RECHINED FOR THE90103 C CHAhstL 60 Tion.
0010e C
00105

feese.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen04106 90 (tal.dnELEm)
00107 AREA (lla0.0.

00109 EL(!)eo.0.

00109 ... FIN

1
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(FLECS VEN810N 22.46) 17.JU:3 92 15801:28 PAGE 00003

06110 kE40(1,9) NAREA, VPsREA, DELEV
00111 hHEh (NAREA .Ew. 0)
00112 ELEs0.

00113 00(IsleMIELEM).

00!!4 AREA (!)3VPAPEA. .
00115 EL(1) SELE. .

ELEsELE*0ELEV
f 00!!6 . .

... FIN| 00117 .

00118 ... FIN
00119 ELSE

WEAD (1,3) (AREA (1), Irl.hAREA)00120 .

HEAdit,1) (EL(1), 1st,9AEEA)00121 .

u0122 IF (NAREA.LT.MtELEM).

00123 nu (1 s NAREA+1,htELEM). .
AREA (!) 3 VPAREA00124 . . .

00125 EL(1) e EL(!=1) + OELEV. . .
... FIN00126 . .

00127 ... FIN.

0012H ... FIN
u0121 IF(ECMU)

> RITE (e,4) (1, AREA (1), Int.MXELEM)00130 .

On131 W4 t T E (6,10 ) (I,E L ( 1) , Is t , M12 TEM).

00132 ... FIN
00133 C

0013e RETH9N
00135 C
00136 1 70HMA1(215,7F10.0)
00137 2 rnNM41(lHo,13r,13,',..NUHRER OF VERTICAL ELEHENT8'/
00138 1 142,15,'..,NuMPt4 0F BED LAYER 8'/

7x lPLl2.5,8...STANDAND ELEMENT THICNNESS (METERS)f/40139 2 e

0o140 3 7x,lPE12.5,'...STANUARD BE0 LAYEW THICKNESS (METERS)'/
7x,lPE12.5,'...tre!TIAL MED THICMNESS (METERS)'/nolet a
7x lPElz.5,'... LENGTH OF THE BEGMENT (METERS) /00142 5 e

00143 6 7 4,lPE12.5,8...SEG'4EN T ELEV A TION (METERS)'/
00 lee 7 F E,5 PE 12.5 e ' .. .PowuSI T V ' /

7tel?E12.5,'...THICMNESS OF THE TUP BED LATEM (CALCULATED)')0o145 m

00146 3 FORMAT (JF10.0)
Gole7 e F uar$4t t i.N,50 X, ' ELEME 1 T AREAS'/4(27X,5(13,lPE12.51/))
00148 5 F0d4 AT (lH ',54X,' INPUT L4la F04 SEGHENT 8,13)
00149 6 F049 AI( P s e tPE 12.5. 8. ..UPS TRE A9 ELEVAf!ON (METERS)')
60150 7

F U41 A T (19 4, ' . . 8HE AR STRESS VALUES CUMPUTED USING METH00'

00151 1 ' FOH REbERVOIM')
0v152 8 FURMAT(19a,8... SHEAR STRESS VALUES COMPUTED USING METHOD'

FOR FNEE FLO !NG RIVENS')
F0HM A T (IS, 7F lo.'01

800153 1

00151 9

03155 10 F u414 T (1Ho,56 x e 'N00 AL ELEV AT 10NS' / 4(27 M,5(13,lPE12.51/ 31
04156 11 F od M a i (215,6 F l o.0. LS )

00157 0
00158 ENo

(FLEC9 VERSION 22.44)
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........................................

00001 SOHRuuf!NE 0180LV( AB AW, 4, NDiv, C, CCIN, COLD, DECAY, DELZ,
00002 1 DELTD, DENS, DTAM, le NAVI, MAY2,
00003 2 NELEM, NeED, PCOEF, POR, WHIN, WH00T, SV, 8088Re ALFA,
00004 3 META, WEL1, WEL2, 4ETAle BETA 2,
00005 e CEPo, SCdVR, UED8D, XTSO, AREA, DSONS, OLDC)
00006 C
0000T C 1HIS SudROU11NE CALCULATES COEFFICIENTS OF CONVECT!WE, DECAY
00008 C AND SOUNCE/Sihn IERNS OF DISSULWED POLLUTANT CONVECTION.0!PFUSIDN00009 C EuUAT!oN
00010 C

00088 C IMPUT P AR AME TER$s
00012 C A8AR AVEHAGE AREA=

00013 C ANEA VERTICAL PRuJECT!uk AREAS (M2)=

conte C e a BED CONCENTRATIONS
00015 C SUIV STANDAkD RED LATER THICMhESS=

00086 C C NUDAL CONCENTRATION=

000lf C CCIN CONCENTNAfloN.0F INFLOM=

00018 C COLD CELL = CENTERED CONCENTRATION=

00089 C UECaf DECAY VALUES=

00020 C UEllo TIME STEP IN DAYS=

u0021 C DENS = DENSITY
00022 C DEPu = OEPOSITION RATE (NG(PCD/12/DAV)
00023 C 01AM = PANTICLE 01AMETENS
00024 C uELZ THICNNESS OF THE ELEMENT=

00025, C 1 ELEMENT INDEX.

09026 C RAY 1 LIGHT ENTINCTION COEFFICIENT OF WATER-

0002T C MAT 2 LIGHT EXTINCTION COEFFICIENT OF SUSPENDED=

00045 C SEDINENT IN DATER
00029 C NELEM NUMHER OF VERTICAL ELEMENTS=

00030 C PCOEF IST TENH OF THE PHOTOLYSIS RATE EWUATION, COMPufED=

00031 C IN SL'0WOUTINE PH0thP.
00032 C POR P04061TY=

00033 C pHIN INFLud DISCHADEE.

00014 C WMnUT uuTFLow DISCHARGE=

00035 C uw . WERTICAL DISCHARGE
100036 C SCOUN = SCOUR RATE (NGtPC)/M2/DAV) '

0003T C SUNun = AUSoh0110M ON SfDINENT
00038 C USORD DE50NPT10N FROM SEDINEN1=

00039 C NYSU TOP HED LAVER THICkNfSS=

nnGan C OHTPUT PARAHCIEWS
00041 C ALFA DECAY TERM=

000a2 C HE080 Scouw UN DEPUSITION OF A050RPED CONTAMINANT-

0u043 C (PC/M2/DAV) WHEN No SCOUR IS Tak!NG PLACE
000go C META SOURCE OR STNM TERH=

000a5 C HEIAI = INFLUENT BOUNCE TERM FnR !=TH NODE
00046 C NETA2 = INFLUE*st 80udCE TEHM FUd !+1 TH NUQL
000gf C bELI FIRST CONVECTIVE TE4H=

000aB C vtL/ SECOND CONVECTIVE TER 1-

00049 C

00050 C CALLED Of INA4SP.
00051 C
00052 luttUCC 'ELMSil.PN"'

i00053 C '

B.23
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On05e C
00055 REAL MAy,EAyleMAY2e!NFRAC
00056 C
00057 O!MENSION ARAH(HEELEM)e R(MAWLEV,N4XCONelle SE080(3),
00059 1 CCIN(MNELEM,MARCON)eCOLU(MAELEMeMANCOM), DEC&Y(6)e
00059 2 GHIN(MXELEM), WHOUT(M8ELEM), ev(MMELEM)e 80RSM(9)e
00060 3 DEN 5(3), DIAM (3), C(MNELEMeHANCUN)eCSAR(MBELEM,MANCOM):
00061 a DEP0(6), BCOUR(6), AREA (MEELEM), 0804B(9)'e
00062 5 OLOC(eXELEH,ManC0H)
00063 C
00064 UATA ZER0/1.0E=30/
00065 C
00066 C CONVECTIVE TENM
00067 C
00068 A4 mWV(!)
Ocuh9 VELisA0/ASAR(I)
000F0 ADsQV(!*ll
00078 VEL 2eAJ/ AGAR (I)
00072 C DECAY TERM
0o073 TOT 04 e 0.0
00074 WHEN (PCUEF .gE. 0.9) COMPUTE =PHOTOLYSIS= RATE =FOR= ELEMENT =3
00075 ELSE PHOTO e 0.0
00076 00 (IJtele5) TOTDM e TOT 04 + DECAY (IJI)
00077 ALFAeWHOUI(!)/(ABAR(I)enELZ)+TOTON+ PHOTO
09078 IF(I .EG. NELEM) ALFA e ALFA + DECAY (6)
00079 C

00040 C SuuMCE ON SINE TERM
00081 8Efale9HIN(!)/(48AR(!)eDELZ)e(CCIN(le7)/3,9CCIN(!$le?)/4,)
000e2 BETA 2ndHIN(t)/(ABAR(!)eDELZ)e(CCIN(Ie7)/6,+CCIN(I+1e?)/3.)
00043 C eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

a90084 C*
l 0n085 Ce WANNINGS THE Valut 0F CBAR SHOULO BE UPDATED SY ITERATIVELY e

| Onost Ce SOLVING FOR C AT THF ADVANCEO TIME, AND APPRON! MATING e

400a7 Ce CWAR At THE NEW AVERAGE CONCENTRATION OVER THE TIME e
e00088 Ce SIEP.
a00049 Ce

00090 C enneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
40091 00 (IE e 1,NELEM)
00092 INFRAC e 0.540HIN(IE)*DELT0/ABAR(IE)/DELZ.

00093 EaF R AC e 1.0=1NFR AC.

00 (IC e 1,HAXCON)00094 .

Cnan(IE,3C) e CCIN(IE,1C)eINFNAC+0 LOC (IEe lC)eEXPRAC00095 . .
00096 ... FIN.

00097 ... FIN
0n099 C

00099 on (J e 1,3)
JP3 e J + 3Onl00 .

00101 IPl e ! + 1.

00102 IF(CBAH(1,J).GT.a.o.ANu.CSAH(IPI,J).GT.O.0).

00101 A0081 m (80NeK(J)eSONBK(JP3)/12.e(3.eCbAR(I,J)eC8AN(fe7). .
+Cuag(3,J)eceAN(gpt,73,C8AmtlPleJ)eC8AR(Ie7)+00104 1. ,

.

00805 2. C0AN(I*l,J)eCHAN(IP1,F)) = 80Ren(JP3)/6.e(2.e !.

00106 3. CBAR(leJp3) + Cd8R(IP1,JP33)) j
.

00ln7 03Aal e (p30Ng(J)*DSON8(JP3)/12 *(3.eCPAN(1,J)eCBan(I,73 '

. .
n0108 1. +C8AR(1,J)eC84R(IPle7)+CMAk(IP1,J)eC84R(Ie7)+

.

08109 2. CPAH(IPleJ)eCHAH(IPle7)) = 080Hg(JP3)/6.e(2.e
.
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(FLECS VERSION 22.86) [T=JUN=82 15101:35 PAGE 80803
collo 3 . CSAR(I,JP3) + CRAR(IPleJP3)))
00111 ADD 82 m (50RdK(J)e80RRK(JP3)/12.*(C0AR(IeJ)eCSAR(I,7)e. .
colli 1 CMAR(I,J)eCOAR(IP1,7)+CSAR(IP1,J)eC0AR(I,7)+.

00113 2 3.eGeaR(IP1,J)eCHAR(IP1,73) = 80RDR(JP33/4.e.

00184 3. (CnAN(1,JP3) + 2.eCSAN(I+1,JP3))).

nelt5 D8402 m (DSUN8(J)*D80R8(JP3)/12.e(CWAR(leJ)eCSAR(I,T)+. .
06116 1 CRAN (I,J)eCBAN(IP1,7)+CWAR(IPleJ)6C84R(!e736.

0011T 2 3.ecsAR(IP1,J)eCSAR(IP1,73) = 000R8(JP3)/6.e.
On118 3 (CBANt!,JP3) + 2.*CSAR(I+1,JP3))) ^

.

00119 IF(ADD 81 GT.0.0.ON. ADD 81.Eu.DSAD138ETAgostfAl=AD081. .
00120 IF(DSADi.LT.O.0)SEfale8 ETA 1 08AD1. .
00121

IF ( A0082.G T.O.0.OR. ADD 82.EU.03 AD2) SET Ale 8ET A2. AD082. .
00122 IF (usaD2.LT.0.0 38E T A2ndE T A2 08 Au2. .
00123 ...F1N.

00124 C .

00125 ... FIN
00126

Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen00127 C
TNAN8FER DETWEEN DISSDLVED STREAM CONTANINANT AND A880RPED e00128 C
DED CONTAMINANT IS INCLUDED WHENEVER No SCOUR!hG OCCUR 8 POR e00129 C A PANTICULAR SEDI:4ENT SIZE

00130 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee(EG SAND, SILT, OR CLAv3 e
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen00131 Stra e 0.0

0ul32 IF (I.EW.1)
00133 00 (Jet,3) UED8D(J) s 0.0.

0413e IF(NBED.GT.0).

00135 00 (Jet,3). .
00836 NHEN(SCOUN(J).GT.0.0.0R.8(NBED,J).LE.2 ERD). . .
00137 hED5D(J)e0.0. . . .
00138 ... FIN. . .
00139 ELSE. . .
00100 RH0JeH(NSED,J) eft.0=PON)eDEM8(J). . . .
00141 O e DIAM (J). . . .
001a2 IF(D.GT.XYS0) DsXY80. . . .
UUle3 RATC e 30RBK(J+6)e(80R6K(J)e(CSAR(1,7)+C8AR(2,7))/2. . . .
00144 1. =AthPEDeJ+3))e D e RHUJ. . .
00145 MLIA e PETA = RATE /DELZ. . . .
00146 BED 80(J)e= RATE. . . .
00lef ... FIN. . .
00148 . . .P IN. .
00149 ... FIN.

00850 ... FIN
onl51 N F. T UR N

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

00152
70 C omPU TE .PHO T0L YS IS.M a TE=FOR= ELE NEN T.I00153 Avb3En s 0.0.

00154 pHE N ( 1 . E fJ . NELEM).

00155 00 (IJIst,3) avg 5ED e AVGsED + C(1+1,IJI). .
00156 ... FIN.

0085T ELSE.

o0158 00 (Inst,1,NELLN+1). .
00159 DD (fJ!st,3) AVGSED e AVG 5ED + C(IN,IJI). . .
00160 . . .P IN. .
00161 AVGSED e AVG 8ED / (NELEh+l=I). .
00162 ... FIN.

B.25



(FLECS VERSION 22.46) 17.JUH.62 15:01:35 PAGE 00004

00163 MAY a NAvt + MAY2 e AVGSED.

00164 aHtN (! .EG. hELEH) IEunt a 1.0.

00165 ELSE TERMI o EMP (.KAfa(NELEP.!)*DELZ).

00166 IEA12 m (1.0 . EXP(=KAYeDELZ)) / (NAYeDELZ).

00167 PHof0 m PCCEF * TENMI * TERM 2.

00166 ... FIN
00169 END

........................................
I

PROCEDURE CROSS.NEFENENCE TABLE

00152 ConPUTE.PHofuLYSIS. RATE.FOR. ELEMENT.!
0U074

(FLECS VEW9104 22.46)

........................................
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00001 SdHROUTINE EQuPC8(PISAR, UNIU, UEL, NSANEA, NELEM, MELEM,00002 1 RATID, IELP, HEWIS, FENHUR, DELTA)
00003 C
00004 C THIS SusquuT!wL FIh0S CNUSS. SECTIONAL ANEAS AND HEISHTS WITHIN THE
00005 C

UdaiHEAM CROSS.SECTION *HICH CowdESPONDs TO THE SESMENT IMMEDI ATELTn0006 C pug 48THEAN.
On007 C
00003 INCLUDE 'ELHSIZ.PHM'
0u009 LOGICAL *1 FERROH
00010 C
00011 OlHENS10N PX8AR(M4ELEM), U41D(MXELEM), UEL(MNELEN),
00012 1 XSA4EA(MAELEM), 1ELP(MEELEN), HEGX8(MNELEM)
On013 C
00014 FERRORe. FALSE.
0u015 IPet
00016 PisePX84H(1)
00017 URTMoumlutt)
00019 EL81MeUE((1)
00019 ILMPXSe0
00020 C
00021 on(IsleNELEM)
dn022 *SeRAfl0eNSAREA(I).

on023 usTIL(xS .LE, PzS .0R. IP .EU, MELEM).

00024 .- . 1PelP+1
0a025 TEMPXSePXS. .
04u26 UaTMouwin(IP). .
00027 EL9fMeUEL(IP). .
0002H PXSePX8+PXSAW(IP). .
00029 ... FIN.

on030 Igtptgjegp,

00031 WHEH(Mu .EQ. PAS).

00032 HEQuS(I)eHEL(IP+1). .
00033 IF(1.EQ.NLLEN) HE0XS(I)e HFL(IP) + DELTA. .
n0034 ELGIMeUEL(IP+1). .
00035 UMTMoudID(IP+1). .
on036 PRSec. .
0003F TEMPNSan, .

un038 ... FIN.

00u39 EL8L.

00040 Astuwt0(IP+13 00iM)/(2.*(UEL(IP+1).EL6TM)). .
09041 BaudTH, .

00012 Ce48.fEPPXS. .
00043 aHEN (A .Eq. 0.) HF.9sS(IleC/B+ElefM. .
00044 ELSE. .
00045 OSNasCaseH+e.*Aec. . .
n0046 IF (PSd4AC .LT. 0.) Gu TO 200. . .
00041 HE4XS(lle(SuRT(eS014c) 8)/2./A+ELBIM. . .
dOO4A ... PIN. .
000e9 VHies2.*A*(Hf4xS(l).EL61N)+B. .
oungo LLatwebtotS(t). .
n0051 PRhePES.R5. .
nud52 TEMPESe4. .
00053 ...F14.
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(FLECS VER$10h 72,46) 17.Ju%.42 15:08:44 PAGE 00002

0005s ,,, FIN

00055 NE1uaN
0u056 Pop CU64 T INUE
00057 FEk404e THUE,

hMIIE(6et) 08)FOAMaf(tot,'FAIAL Ennoa . eSO4AC IN (GUPCS SUSRDUTINE 15 400050
0o05, 1

00060 NEIUNN
0o068 Epp

(FLECs vths10N 22.an)
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(FLECS WERSIDN P2.46) 17.JUN.R2 15:03:4R PAGE 00801

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

00001 800 ROUT!hE EDUPX8(PX8AR, PMID,PDELZ,X8AREAshfLEM,MELEM,00092 i RATIO, IELP, HE U X 8)*
Ov003 C
00004 IHCluhE '8VsELM81Z.PNM8
G000% C
00006 DINENSION PX84R(MXELEM), PdID(MXELEM), XSAREA(MNELEM),
00007 I IELP(MNELEM), NEGX8(MNELEM)
n0008 C
00009 IPet
00010 PX8ePX8ARit)
00011 anTMaPnIU(1)
00012 ELbfHoo.
00013 TEMPIsso.
00014 C

00015 no(Ist,NglEM)
00016 X8mRATIOeX8ANEA(!).

00017 UNTIL(X8 .LE. P45 .UN. IP .EO. MELEM).

00018 IPs!P+1. .
00019 TEMPX8ePX8. .
00020 mRTMsPnID(IP). .
0u021 ELWTMsPDELZe(IP.8). .
00022 PX8mPX8+PX8AN(IP). .
00p23 ... FIN.

00024 IELP(!) alp.

00025 hMENIX3 .E4 PX8).

00026 HEWXS(!)ePDELZ e IP. .
00027 PX8s0. .
0u026 ILMPX8e0. .
00029 ELBIMeIPePDEL2. .
00030 48tMapw!D(IP+1). .
00031 ... FIN.

00032 ELSE.

00033 HEu28(I)mtX8.TEMPX8)/h8TM+ELbfM. .
9003e PN8sPX8.X8. .
0003% TEMPX8eu.. .
U0036 ELhrMsHEux8(I). .
00037 ... FIN.

00036 ... FIN
09039 NETURN
00040 END

(FLEC8 VERSION 22.46)
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00001 SUBROUTINE FCODE(FNAME,9ASE,NMRTP,FTYPE,DEV,UICl,UIC2)
00002 C
00003 C THIS ROUTINE BUILOS A FILE SPECIF!r.4 TION INTO THE OUTPUT
0000s C PARAMETER FNAME
00005 C
00006 C UASE . FIRST FIVE CHARATENS OF THE FILE NAME (SYTE ARRAT)
00007 C NBRIP . T1HE PLANE NUMdEH. THIS SECOMES THE LAST 4 CHARACTERS
00008 C or THE 9 CHARACTER FILE NAME (INTEGER) ~

~

00009 C FTYPE . INESE 3 CHAHACTERS PECOME THE ENTEN410N (effE ARRAY)
00019 C OEV . OEVICE (8YTE ARNAV)

IST UIC (WffE ARRAY)00011 C UICI =

00012 C u!C2 . IND UIC (SVTE ARRAV)
00013 C
ucets C CALLED BY3 SERATRA
00015 C

00016 HY1E FNAME(27),FTYPE(3),0Evt3),UIC1(3),UIC2(3), COLON,LERAK,
d0017 i RBWA4,PER100, COMMA,8LANN,pASE(5)
00014 C

00019 OATA COLON /'I'/
00920 OAIA l.pg Aq/ o t o /
00021 DATA 48RA4/'I'/
00022 DATA PEW 100/s,e/
00021 04TA COMMA /8,'/
00020 DATA OLAN4/9 t/
00025 C
00026 icaps!
00027 C
00029 C ene OLIERMINE IF A DEVICE HAS DEEN SPECIFIED AND IF SD THE NUHWER
00029 C CHARACTERS IN THE SPECIFICATICN ete
00010 C

,
0003 e4e o

00032 00 (181,3)
00033 IF(CEV(1) .NE. BLANn) nan +1.

000t* ... FIN
00035 IF (N .NE. 0)
6,0035 C een IdANSFER DFVICE SPECIFICATION tot.

on037 00 (Int,N).

FdAME(ICAR)s0EV(1)OuG3A . .
06019 ICAHaICAH+1. .
00040 ... FIN.

en041 0 eat IntERT *ia een.

00042 FNAME(ICAR)aCOLCN.

00083 ICARalCAR+1.

0J024 ...F1h
00045 C
00046 C nee HAVE UIC's OEEh SPECIFIED een
00047 be0
00048 Dn (get,3)
00049 IF(u!Cl(1) .'8E. HL ANm ) NaNtt.

00050 .e F 1tl
00051 IF (N .NE. 0)
00052 C .

00053 C een IN3ERT LEST 9kACMEf e**.
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00054 FNAME(ICAN)sLBPAK.

00055 ICAaelCAR+1.

00056 C .

00057 C *** TRANSFER IST UIC ***.

00058 Do (InteN).

00059 FNAME(ICAR)sd!CICI). .
00060 ICAwatCAN+1. .
00061 ... FIN.

ot>062 C .

00063 C *** INSENT CuMMA ces.

00064 FNAME(ICAR) ECD 4NA.

n0065 IC4detCAR+1.

04066 C .

00067 C *** TRANSFER 2ND UICa**.

00048 00 (Ist,3).

00069 IF (u!C2(I) .NE. 8LahK). .
09070 FNAME(ICAH)sVIC2(!). . .
00971 ICAReICAR+1. . .
00072 ... FIN. .
00073 ... FIN.

00074 C .

i 00075 C *** IN8ERT HIGHT BRACKET ***.

00n?6 FNAME(ICAR)sHURAK.

OdO77 .. ICANetCAR+1
00078 ... FIN
00079 0
08090 C *** THANSFLR 5 CHANACTER BASE FILE NAME ASSUME ALL 5 CHARACTER
00091 C ARE SEING USL0 ***
00062 00 flat,5)
Of* 0 43 F *e4 4E(IC AR) sH ASF,(I).

onoce ICAmelCARtl.

00085 ... FIN
00006 C
00097 C *** CON %ENT TIME PLANE NUMBER TO ASCII AND INSERT 17 INTO FMAME **
Ouoga C
On944 NeheRTP
00090 InissN/1004
00091 ft.AnEt!C44)alDIG+48
00092 Ns*=IDIGe1000
00093 iPIGaM/160
onooq Fuc4E(ICAH+1)sipIG+4e
U0075 ms4=f43Ga100
00096 10!GaN/10
00097 FNA*E(ICAH+2)*10!G+48
00094 FNAaE(ICAd+3)e('t=10!G*lo)*44
00099 ICAdalCAH44
00100 C
n0101 C *** INSERT PE9100 ***
04102 FNAdE(ICAW)mPENf00
00103 ICanalCav+1
Onloi C
00105 C *e* THANSFEw TMF 3.CNARACTth F X T ENS If14 ***
00166 D0 (tal.3) '

00107 FNAME(ICAP)aFTYPE(1).

00105 ICAHsICAFel.

00109 ... FIN

|
1

B.31



- -- - -- - - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ ._

(FLLCS VER8!DN 22.46) 17.JUN.82 15:01:52 PAGE 00003

00110 C

00111 C see INSENT NULL CHARACTEN ese
00112 FHAME(ICAN)so
00113 sF.Tupm

00114 Lt40

(F LEC8 *ERSION 22.46)
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00001 SU6 ROUTINE FDC0pt(FNAME,848E.N84fP,FTYPteDEv UIC1,UIC2)e00002 C
00003 C THIS WOUTINE SPERATES FNAME INTO 6 COMP 0hENTS
00004 C
000n1 C WASE = 5 CHARACTER 848E FILE NANE (SVTE ARRAT)00006 C NPRTP =~IIME PLANE NUMBER THAT IS THE LAST 4 CHARACTER $ OF THE0000T C 9 CMARACTER FILE NAME (INTEGER)
00008 C FTTPE = FILE EXTENSION (SYTE ARRAY)
00009 C OEV = *HICAL DEVICE SPECIFICATION (BYTE AMRAY)
00010 C UICl AST UIC=

00011 C UIC2 = 2ND UIC
00012 C
00013 C THE OPTIONAL PANAMETERS DEv UIC1, AND UIC2 MI'L SE SETe L
00014 C TO SLANMS IF NOT PRESENT IN THE ORISINAL FILE SPECIFICATION.00015 C
00016 C CALLED #ft STRTUP
9001T C
00038 uYTE PNAME(27), BASE (5),FTYPE(3)e0EV(3),UIC1(3)eUICI(3)e
00019 i LBRANeR8RAKeCOMMAePERIODeCOLONe8 LANK00020 C
00021 DATA LBRAK/'('/
90022 OAT A R8RAk/ll'/
00025 UATA COMMA /','/
00024 DATA PENIup/'.'/
00025 DATA COLON /'s'/
00026 DATA dLANM/' 8/ ,

'

00021 C
00028 C *** FILE SPECIFICATION HAVE FOUM POSSIBLE FORMS ese00029 C (1) FILENAME.ERT
00030 C (2) OEVsFILENANE.EXI
00031 C (3) EUICleUIC21 FILENAME.EET
00032 C (4) DEV s (UIC1, UIC21 FILEN AME.E E T
00033 C
0003e C THE F0HM CAN SE DETERMINED RY COUNTING THE FouR OPECIAL00035 C CManAC1 ENS ( ) :.
00036 C
0003T Hs0
00038 04 (Isle 27)
00039 SELECT (FNAME(I)).

000a0 (COLON) NsN*1. .
000=1 (L8 HAW) NsN+1 |

. .
00042 (H8dAk) beNel. .

t

90043 (PEN!nu) NaH+1. .
00044 ...FIO.

000a5 ... FIN
000a6 ICaust
0004T CO (Isle 3)
00048 DEv(!)sSLANK.

On049 UICit!)sSLANK.

00090 PIC2(I)saLANM.

00051 ... FIN
00052 SELECT-(N)
00653 (t) DECODE FnRnt.
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(2) DEC00E.FURH200054 .

(1) DEC00E.f0RM300055 .

(a) OEC00E=FONM400056 .

00057 ... FIN
00058 RETURN
00059 C

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

00060 TO DEC00E. FORM 1
DECQUE= FILENAME.EETENSION00061 .

00062 ... FIN
00063 C

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

00064 TO DECODE.FOR*2
00065 DECODE.0EVICE.

00066 DECODE. FILENAME.EXTENS]QN.

00067 ... FIN
0006R C

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

00069 TO DECODE = FORM 3
00070 DECODE.UIC.

DEC00E. FILENAME = EXTENSION00071 .

00072 ... FIN
00073 C

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

09074 To nEC00E. forme
00075 OEC00E.0Ev!CE.

00076 OEC00E.UIC.

DECODE. FILENAME. EXTENSION00077 .

90079 ... FIN
10079 C

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

00080 fu OECODE. FILENAME. EXTENSION
00 (Isle 5)00081 .

BASE (1)sFNAME(ICA4)00092 . .

0006) ICAdsIC4H+1. .
... FIN00064 .

00095 WHEN ((N AP E(IC AR) .NE. PERICO).

ICHAR1sFNAME(IC4H)000d6 . .

00087 ICH AR2sF N AME(IC ANtt). .
ICAAR}sFNAME(ICAR+2)00966 . .
IC tARasFN Adt(IC AW+ 5)000ng . .
Ned1Ps(ICHAW1 4M)etn00+(ICNARt.ob)*100+(ICHA43. sole 10+1 CHAR 4 4800090 . .
ese SKIP OvER F ERIOD ***00091 0 . .
ICAkelCAR+500092 . .

00013 ...Fl=.

00094 ELSE.
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00095 ICANatCARt1. .
00096 NHAIPs0. .
00097 ... FIN.
00098 00 (tal.3).

| 00099 FTYPE(I)mFNAME(ICAR)' . .
00100 ICAMe! caret. .
00101 ... FIN.

00102 ... FIN
00103 C

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

00104 10 DEC00L.0EVICE
00105 Ist.

00106 HEPEAT NHILE (FNAME(ICAR) .NE. COLON).

00107 DEy(!)eFNAMf(ICAR) _. .
0010e ICAde!CAH+1. .
00109 Init!. .
00110 ...F11.

00!!! C se* 3 DIP OVEN COLON ese.

00112 ICARs! caret.

00813 ... FIN
00114 C

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

00!!5 fu OEC00E.u!C
00116 C ese SNIP OVER LEFT BRAChET ese.
00111 ICANs1 CAR +1.

Colle Ist.

00119 NEPEAT WHILE (FNAME(ICAN) .NE. COMMAI.

00120 UICI(!)aFNAME(ICAR). .
00121 ICANetCAR+1. .
00122 lut+1. .
00123 ... FIN.

0012e C es* 84IP OVEN COMMA ese.

00125 ICARa! caret.

00126 Ist.

00127 REPEAT WHILE (FNAME(!C.8.8) .NE. RORAK).

00128 UIC2(!)sFNAME(ICAR). .
00129 ICANetCARel. .
00130 Ist+1. .
00131 ... FIN.

00132 C ese 341P OVER HIGHT BRACKET ene.

00133 ICARs! CAR +1.

00134 ... FIN
00155 END

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

PHOCC'3UNE CHOSS=WLFERENCE T AeLE

00060 DEC00L.F0HMI
09053 '

00ch4 OfCODL.FONM2
i

|
1
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00054
:

00115 DEcoot.UIC
00070 00076

!
i 00069 DEC00E=FUNH3

00055

0007s OECnDE.FONM4
00056

00080 CECODE. FILENAME.EXTENS!UN
00061 00066 00071 00077

0010s DEC00E=nEv!CC
00065 00075

(FLECS WER810N 22.46)
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00001 SU8 ROUT!ht GEYSPC(HASE,eEGSEE,BEGTIM, CHAIN, EXT,DEV,FILNAM,GUIC,00002 1 INT 8EG,INTTIM,LSTSEG,L8TTIM,TSTEP, UNITS,UU!C)
00003 C
00004 C THIS NOUTINE IS RESPONSIBLE FOR INTERROGATING THE U6ER TO LEARN00005 C THE SPECIFICATION HEEDED FOR POST PROCES8!NG,
on006 C
0000T C FORMAL PARANETERS
00009 C HASE . 5 CHARACTER RASE FILE NAME FOR CHAINED OPERATIONS00009 C BEGSEG . MEGINNING SEGhENT NUMBER FOR CHAINED OPENATIONS00010 C REGTIM . HEGINNING TIME PLANE NilMSER
00011 C CHAIN . (USICAL FLAG FOR CHAINED OPERATIONS00012 C ERT = 888E FILE NAME ERTENSION FOR CHAINED OPERATIONS00013 C DEV = SASE FILE NAME DEVICE FOR CHAINED OPERATIONS00014 C FILN Am . FILE SPECIFIC ATION FOR UNCHAINED PNOCE88!N800015 C GUIC . GRGUP UIC FOR CHAINED PHOCESSING00016 C JNT8EG = 8EGNENT INTERVAL FnR CHAINED PROCESSING00017 C INTilm . TIME PLANE INTERVAL
00018 C L8TSEG = ENDING 8EGMEt4T NUMpER FOR CHAINED PROCESSING
90019 C TSTEP . TIME STEP SIZE
00020 C

Uh178 . NNEMOdICS FOR CONCENTRATION OF CONTAMINANT ATTACHED 7000021 C 8E0!MENTS (PC OR KG)
00022 C uu!C . USER UIC F04 CHAINED PROCESSING00023 C
00024 C CALLED &Y SPPR
00025 C CALLS FDC00E
00026 C
0002T BYTE .ANSdER,TESeFILNAN(30),sASE(5), EXT (3),DEV(3),GUIC(3),UUIC(3)0002e C
00029 INTEGERa2 UNITS,8EGSEG
00030 INTEGERa4 SEGTIM,L87T1H
00031 C
00032 LOGICALal CHAIN
00033 C
00014 DATA YES/8y'/
00035 C
no03e kn!TEtt,1)
0001) HEA0(1,19)ANSaEd
00014 nMEN (AN3 DER.Ed.YES)
00039 CHAIN s.TRUE..

00040 WHITE (1,3).

00041 NEAD(1,19)FILNAM.

000e2 CALL FDC00E(FILNAM,UASE,JSEG, EXT,0EV,GUIC,uu!C).

00041 WRITE (1,4).

00044 NEAD(1,5)MEGSEG.

000u5 4 RITE (1,6).

00046 REAutt,5)LSTSEG.

0004T md!TE(1,T).

00048 NEAD(te5)!NTSEr..

00049 NSEGe(LSTSEG.HEGSEG)/INisEG+1.

00050 ... FIN
00051 ELSF
00052 NSEGal.

on05) CHAINS. FALSE..
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00058 dHIIEfte9) 1.

00055 REA0(1,2) 9CHRe(FILNAM(1)eleteNCHR) l
.

40056 FILNA4(NCHdt!) e 0 ).
I00057 INTSEGal.

00058 ... FIN
00059 C
00060 mRITE(le10)
0n061 RE40(tell)REGilH
00062 aR11Ettel2)
40063 DEAD (lell)L8TTIM
00064 aRITE(1el3)
00065 READ (lettj!NTT1H
00066 NTIM e (LOTTIH.6EGTIM)/INTTIM t 1
04067 C
on068 a91TEttet7)
00069 NEAD(te18) T8tEP
00070 mRITE(1,15)
00071 NEA0(lelt) UNITS
0n072 C
00073 a91TEtte8) NSEG
00u74 mRITEtte14) Nild
00075 C
00076 RETURN
000FF G
00078 1 FORMAT (//10X,'aemenee SERATHA POST PROCESSING eeeeeee8//
00079 1 'Als THIS 70 SE A CHA1NEO OPERATION (Y OR N)>8)
00060 2 FnRrAf(0,3041)
0n081 3 FORMAT ('s(NTER 443E FILE NAME>8)
00082 4 F04MA1('sENTEN dEGINNING SEGMENT NUM8ER (14J>')
00003 5 FORMAT (14)
00094 6 FORMAT ('AENTEH ENQ1NG SEGMENT NUMBER (IE)>s)
00085 7 FONMAT(#$ENTEd INTENVAL BEinEEN SEGMENT 8 (14)>')
00066 8 F 0d N A T ( /10 X e ! 6, ' 5EG NEia TS (FILE 8) alLL BE PROCESSED')
0v06F 9 FudMAt('1ENTEd THE NAME OF THE FILE TO BE PROCESSED (28A1)>')
00n98 10 FORMAT ('3 ENTER HEGINNING TIME PLANE NUM6ER (110)>')
0o049 11 FowmAl(110)
00090 12 FORMAI('3 ENTER ENDING IIME PLANE NUMBER (Ilo)>e)
G o d ?'s 13 F0dMAT('5EdTER INTERVAL BE1*EEN TIME PLANES (110)>')
00092 14 F0HaAl(/1Uzelae' TIME PLAuES FOR EACH SEGMENT WILL BE PROCE8 SED')
con 93 15 F ud M A T(' 8 ENTE 9 THE C01CENTRAT10N UNITS (PC QR KG)>')

~

00094 16 FORMAI(A2)
00n95 17 FORMAI(' LENTE 9 THE T "E STEP SIZE (F10.0)>')
00096 19 FORMAT (Flo.0)
00097 19 FodMAf(30at)
con 9e EnD

(FLECS WER$10N 22.46)
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00001 SUBROUTINE HYODAT(ALEN, ANLA. DELTH, DELI, 050, ECHO, HLDERN,00002 1 NSET8, NUPENR, $1MLEN, DEPMIN, DLZ8AV, EL)00003 C DEPHIN HAS DEEN ADOED TO THE SueROUTINE CALL00004 C
00005 C

THIS ROUTINE IS RESPONSIBLE FOR READING AND PROCESSING THE40006 C HYDWULOGY DATA. ThE DATA 15 #EAD FROM THE INPUT STREAM (LUN 1300007 C
A4h =RITTEN 70 "HYDROLOGr.T4P* (LUN 4) FOR USE DURING THE00008 C SIMULAfl0N.

00009 C
00010 C FORMAL PANA"ETENS:
00011 C ALEN . SEGMENT LENGTH
00012 C AREA cen85 SECT!UNAL ANEA 0F EACH ELEMENT=

00011 C DELTH . TIME STEP IN SECONDS00014 C DELZ . STANDAR0 ELEMENT THICNNESS00015 C 050 . HEoIAN 6EO SEDTMENT DIAMETER00016 C ECHO . LINE PRINTER OPTION CodTROL VAd!a8LE (Lel)00017 C
HLutRR . HOLDING ARRAY FOR ENROR NUMBERS (SVTE)00016 C
NSEIS . NUMBER OF TIMES INITIAL CONDITIONS MUST BE WRITTEN00019 C

70 OUTFLO. (NSETS * DELTH) e THE AMOUNT OF TIME IT00020 C
TAMES THE FLON TO PASS THROUGH THE SEGMENT.00021 C NUMERR . NUMBER OF INPUT ER40R8

'

00022 C sIHLEN . SIMULATION LENGTH . SECONDS (144)00023 C '

00024 C C4LLED HY8 SERATRA
00025 C CALLss PUTENR
00046 C
00027 INCLUDE 'ELMSIZ. PPM'
00026 C
00029 BYTE NLDENR(100)
00030 C
00011 INTFGERa4 ENDTIM,PNETIM,SIHLEN
00032 C
00033 REAL INFRAC
00034 C
00015 LUGICAL*1 ECHO
00036 C
00037 p!MENSION A3Ad(MEELEd). AREA (MAELEM), A*1D(MXELEH),00036 1 EL(MNELEM),gS ARE A(HXELEM),8MID(MxELEM)e IELM(MXELEM)On039 C
00040 NEaIND 4
00041 NSETSs!
000e2 PEND e 0.0
00083 10ELTHsIFIX(DELTH)00044 NEPEAT UNTIL (Eh0 TIN .Ed. 9999300045 C .

00016 C CAND
12......... HYDROLOGY 04TA .= THIS 04T4 IS mRITTEN 10 LUM 4

.

00047 C .
00040 C COL.

1 10...END11M...ENUING TIME Fud THEDAT4 ON TME CARD. (3EC)
.

00099 C
A1 ENTNY UF 9999 TEhMINATES THE DA TA.

.

00050 C
11 20.. 41.......TUTAL nISCMANGE OF THIS SEGMENT (Me*3/ REC)

.

00051 C 21
30...co....... TOTAL DISCNAkbE OUT OF THIS SEGMENT 4**3/4EC)

.

00052 C 31.do...bEPTH....FL0s DEPTH (9ETE43).

00053 C 41 50...IEMPH.... WATER IEMPEH4TURE.
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00054 C .
EN0 TIME 11,00, DEPTH,TEMPR00055 READ (1,1) r.

00056 IF (ENDTIM .NE. =9999).

00057 IF (Mn0(EMDTIM,IDELTH) .NE. 0). .
MRITE(11,10) ENDTIM,IDELTH00058 . . .
FORMAT (' *AhnINGeese Eh0 TIM 8,It0,8 IS NOT A MUTI'LE OF DELTH',Itc)00059 to . . .

00060 ENDTIMs(EhDTIA/IDELTHtt)eIDELTH. . .
00061 ... FIN. .
00062 ... FIN.

00063 C .

00044 C .

00065 IF (ENDTIM .NE. 9999) PRETIM e ENOTIM.

00066 UNLEss (EN0T14 .EW. =9999).

00067 C MINIMUM DEPTH FLAG TO DIVERT FROM FUNTHER CALCULATION. .
00066 NELEMoo. .
U0069 WOL40. .
00070 VELe0. .
00071 00(Isle #XELEM). .
00012 441D(Ilen.. . .
00973 Uw!O(Ile0. . .
0007a AGAR (Ileo.. . .
00075 IELM(I)mo.. . .
00076 XSAREA(11e0. . .

. . ... FIN00077
00078 IF (DEPTH .GT. DEPMIN). .
00079 C . . .

*** COMPUTE: NELEM....NUMSER OF ELEMENT 8 CONTAINED WITHIN DEPTMOnono C . . .
00061 C ASAR(I)..AVENAGE AREA 0F ELEMENTS I AND 191. . .
00062 C ANID(T)..n!0TH OF ELEMENT. . .
000a3 C VOL..... 70TAL VOLUME OF THE SE9 MENT. . .
000A4 VOLeo.. . .

NELEMoDEPTH/dLESAV00085 . . .
00096 DELZeOEPTH/NELE9 p. . .
00087 WHEN(NELEM .LE. 1 .OR. NELEM+1 .GT. MXELEM). . .
00008 ndITE(6e100)NELEN,MEELEM. . . .
00089 100 FORMAT (5E'FROM HVDDAft NELEMe tje nagtgge g3)e s. . . .
00090 CALL PuTERR (ts, NUMERR, NLDERR). . . .

M11TEtte6)00091 . . . .
00092 ... FIN. . .
00093 ELSE. . .
00094 CALL TRNPOS(AHAR, AREA,AMIO,ALEN,B4ID,0ELZ,EL,IELM,NELEM,. . . .

NSAREA,v0L)00095 1 . . .
CALL RADIUS (ALEN, AREA, CROSEC, DEPTH, EL, HRAD)00096 . . . .

... FIN00097 . . .
00096 C . . .

IT 18 IMPLICITLY AS8uMED TMAT A 00NNSTREAM COURANT00099 C . . .
00100 C NUMBEW AT OR NEAR UNITY MAS BEEN EMPLOTED IN TMIS. . .
00101 C ANALYSIS. . .
00102 C . . .
00803 INFRACe0.5eQ!a0ELTH/VOL. . .
on304 ExFRACe1.0=1NFRAC. . .
00105 VEle(INFHACeWI+EXFRACeQ0)eALEN/VOL. . .
00106 ... FIN. .
00107 dH11E(a) ENDf!M,NELEHeDELZ,GleQO,v0 level,Aw!DeAREA,TEMPN,. .
40148 1. ESAMEA,lELMeutPTH,8410,ABAd, HRAD, CNOSEC.

00109 C . .
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00110 IF (ECN9). .
00181 WRITE (6,2) ENDTIM,NELEM,TEMPReGI,eo,DENTM. . .
00112 WRITE (e,3). . .
00113 00 (teleNELEM). . .
00114 > RITE (6,4)I,Aw!0(I),45AR(I), AREA (IleEL(I). . . .
00115 ... FIN. . .
00116 ... FIN-. .
00117 ... FIN.

00119 ... FIN
00119 IF (PRETIM .LT. 8tMLEN) CALL PUTERR(25, NUMERR, WLDERR)00820 REw!No 4
00121 C
00122 RETURN
0012J C
00124 I FORMAT (110,4F10.0)
00125 2 FORMAT (IHO,58X,'hYOROLOGY DATA'/
00126 1 9X,Ilo '... DATA SET ENDING TIME'/
00127 2 14X,15,'...NUH4E4 0F ELEMENTS WITHIN THE PLOW DEPTH 8/00128 3 72,lPE12.5,'... MATER TEMPENATUdE'/
00129 6 7X,1PE12.5,'...TUTAL 0!SCHARGE OF THI8 SEGrENT8/
00130 7 7X,lPE12.5,'...f0TAL DISCHARGE OUT OF THIS SEGMENT 8/
00111 9 7X,1PE12.5,'...FL0d DEPTH')
00132 3 FORMAT (1HO,' ELEMENT 8,4X,88EGMENT8,14Xe'AVENAGE'e12X,8N0pt VP= AREA 8,00133 1 11s,8N0pE E LE v '/1X, 'NOHHER'.6X, ' WIDTH'e l2X,8 ELEMENT AREA l)00134 4 FORMAT (3XeI2,4X.1PE12.5,9X,1PE12.5,10X,1PE12.5,10XelPE12.4)00135 6 FuMMAT(//501,8 DEPTH TOO GREAT FOR THE MAk! MUM NUMBER OF'
00136 1 ' ELEMENT 88//)00137 C
00134 END .

(FLECS VERSION 22.46)
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00001 SudROUTINE HYOFLO(ALEN, AREA, AMIO, DELZ, DEPTM, D50,
ENOMYo, ETIME, FEHROM, MRAD, NELEM,00002 1 ELEve

0u003 2 NEnul, PELEv, QHIN, GHOUT, 4V, R1VEM, SLOPE,
00000 3 STHESS, TEMPR, VEL, VOL, DEPMIN,
00005 e X8 AREA, SWID, AWAR, GI, CROSECeQO,1 ELM)
00006 C
90001 C THIS SunR00lINE IS CALLED EACH TIME STEP TO READ ANY NEW HYDROLOGY
00004 C DATA THAL MAS mWITTEN TU LUN 4 RV SUBROUTINE HTDDAT.
00009 C
00010 C FORMAL PANAMETEH8
90011 C ALEN = LEkGIH OF THE SEGMENT
00012 C AREA = AREA 0F EACH ELEMENT
0u013 C Aw!D = ELEMENT MIDTHS ,

00014 C DELZ = STANDARp ELEMENT THICnNE88 |
00015 C DEPTH = FLON DEPTH

MEDIAN BED SEDIMENT DIAMETER (METER)00016 C 050 =

8EGMEi4T ELEVATTON00017 C ELEV =

Oh618 C EN0HYD = ENDING TIME OF THE CURRENT HTDNOLOGY DATA (!*st
ELAP8ED TIME OF THE SIMULATION (I*4)00019 C ETIME =

00020 C FERROR = FATAL ERROR FLAG (L*l)
HYOHAULIC HA0105oon21 C HRAD =

NurBER OF ELEMENT 800022 C hELEM =

NE= 4I DATA FLAG (Lat)00023 C NEWWI =

ELEVATION DF THE UP8TREAM SEGMENT00024 C PELEV =

INFLOW OISCHANGE00025 C WHIN =

OUTFLua UISCHARGE00026 L QMOUT =

VERTICAL Flows00027 C uV =

8 HEAR STREES COMPUTATION CONROL VARIABLE (L*I)00n2R C kIVtR =

00029 C SLUPE HED 3LUPE=

00030 C STHESS = DED SHEAR STRESS
00031 C IEMPH =4TER TEMPEhATUNE=

FLon VELOCIIY of QMOUT00032 C VEL =

SEONENT VOLUME00033 C VUL =

00034 C
00035 C CALLEU HYR BERaidA
00036 C CALLSI 8HEARR, SHEAh5, PHOFIL
0003T C
06036 INtlunE 'ELMSIZ.PHH'
00039 C
00040 1ATEGERee ETINEeENDHvo
00011 C
000g2 lng)E ale t NEN')), RIVER,F ERROR
0u043 C
00944 DIMEN5 ION AREA (MnELEM), AhlO(MAELEM), QHIN(MXELEM),
00045 i WH0nT(MtELEM), .JvtMxELEM)e
00046 2 ESAREA(MxELEN), HNID(MutLEM), ABAR(MxELEM),
00ue? 3 IELM(MsELEM),DuMHr(HvELEM)
00048 C
00u49 DATA SECUAY/Ph000./
00050 DATA NH0/1000./
00051 DAla ztRo/g,0F. 05/
00052 0
00093 C
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00054 FEHkOR e .FAL8E.
00055 NEn41 a .FAL8E.
00056 1F (ETINE .GT. ENDNYD)
60057 4EnWI e .TauE..

00056 REPEA1 UNTIL (ET1MF .LE. ENDNYO).

00059 HEAnte,ENae200) ENDHtD,NELEM,DELZ,91,90,VOL, VEL,AWID, AREA,TEMPR,. .
00060 1 x3 AREA,1 ELM,UEPTH,8WID,ABAR,HRAD,CROSEC.

00061 ... FIN.

00062 IF (uEPTH .GE. UEP11N).

00063 PHEN (HIVER). ,

00064 C . . .
00065 CALL SHEAR 5(ALEN,ELEY, MRAD,PELEV,8 LOPE,8 tress,uSTAR). . .
00066 C . . .
00067 ... FIN. .
00066 ELSL. .
00069 CALL S1EARR(OEP1H,050,31REss,U5fAR, VEL). . .
00070 SLOPEuSTRE38/(RHoeHRAD). . .
00071 ... FIN. .
00072 CALL PROFIL(ALEN, Aw!D, DELZ, OEPTH, NELEM, GI, USTAR,. .
00073 1. VOL, ud!N,DUM*T,0,DELZ).

00074 CALL PROFIL(ALEN, AWIO, DELZ, DEPTH, NELEM, 00, USTAM,. .
duo 75 1 VOL, WHOUT, DUMMY,0,DELZ).

00076 C *** CONfEMT UNITS To Me*3/0AY ***. .
08077 DD (Jet,NELEM). .
00078 4HIN(J) a UNIN(J) * SECDAY. . .
00079 WHOUT(J) a 4HOUT(J) * SECDAY. . .
00080 ... FIN. .
00061 C 6 .

000m2 C *** COMPUTE WENTICAL FLOm8 ***. .
0n063 uv(1) m 0.0. .
0h004 DU (Jet,NELEM). .
00085 WVtJ+1) a CHIN (J) . WHOUT(J) t GV(J). . .
000P6 . . .F IN. .
00097 ... FIN'.

000Rn ...FjN
00049 WLIURN
00090 C
00091 200 CONilHUE
00092 FERW04 a .TRUE.
00093 %HliE(6,1)
0009e i FORMA 1(10t,' FATAL ERROR . HYDROLOGY DATA EKHAUSTE0')
Onn95 NETuh4
00096 300 CUNTINUE
00097 FENRuda.TNUE.
0009A =WITE(6,33
00099 aHITE(6,23 (JeuY(J),JaleNELPt)
n0100 3 FHWU4 f (10x, 'F AT AL EHROR . VENTICAL FLUX COMPUTATION')
00101 2 FUNMAl(15x 15,tPEl2.a)
00102 HFiudH
00103 C
00tng F.h o

(FLECA v E R S I P': 22.46)
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........................................

00001 SUBHOUTINE ICFLU(CCIN, DEPTH,UELZ,D50,ENDIC,ETIMEeFERROR,
00002 I INFLU, 18EG, NELEM, NENIC,

00005 2 UHid,UI,DEPMIN,ALEN,
00004 3 UEL, UNIO, XSAkEA, AREA, Aw!D, OFZ, V8ET,
00005 4 EL,ELEV,PELEV, RIVER,NEMQ1,NENTRE,
00006 5 NM,PDEPTM,CN00E)
oc00T C
00008 C
00009 C IMIS ROUTINE IS CALLE0 EACH TIME STEP TO READ TME INITIAL
00010 C C040!TIOH8 TO THE FIRST SEGaENT OR THE INFLCMS
00011 C FNOM THE PREVIOUS SEGMENT.
00012 C

00033 C FON:iAL PARAMETER 83
CONCENTR ATION OF INFLoh8. CELL CENTEREO00014 C CCIN .

00015 C DEPTH . Flow DEPTH UF THE CURRENT SEGHENT
09016 C OELL . $TAko4RD ELEMENT THICKNESS OF THE CURRENT SEGMENT
00017 C ENGIC . ENDING IIME OF THE CURNENT INITIAL CONDITIONS DATA
00618 C ETIME . ELAP8ED TIME OF THE SIMULATION (!*4)
00419 C FLQNOR . FATAL EHRUR FLAG (Let)
00020 C IhFLO . LOGICAL UNIT NUMBER FON DATA FROM PREVIOUS SEGMENT

CUNNENT 8EGMENT NUMBER00021 C 18EG =

NUHdER OF ELEHENTS IN THE CURNENT SESHENT00u22 C NELEM .

00023 C NELLMS . NUMBED 0F ELEMENTS IN THE PREVIOUS SEGMENT
INITIAL CON 0tTIONS FLAG (Loll00029 C NEdIC .

STANDAND ELEMENT THICANESS OF TME PREF 1008 SEGMENT00025 C PDELZ .

00026 C POEPTH . FLna (>EPTM 0F THE PREVIOUS SEGMENT
INFL0s DISCHARGE0002T C GMIN .

00028 C QM0LD 01SCHANGE INTO THE SEGMENT FROM THE PREVIOUS ONE
00029 C

00030 C CALLE0 BYs SENATHA
00031 C CALLS: EDUPCs, EuuPne, P80FIL, RA01US
00012 C

00033 INCLUDE ' ELMS 12.PNM9
00034 C
00035 INTEGERn4 ENDIC,ETIME
00036 C
00037 LUGICAL*1 NENIC,NEWQI,NENTNH,FENHOR,HIVER
00039 0

00039 DIMENS]QN CCIN(MXELEM,MAXCON), CNODE(MXELEM,MAXCON),
00040 1 QHIH(HIELEM), QHOLD(MIELEM),XSAREA(MXELEM),
oncel 2 PXS AR(M AELE M),IELP(MIELEM), Unio (M ALLEM),Un0 AVG (MMELEM),
00042 3 NEWaS(MMELEM), UEL(MAELEM),TMA8S(MAXCON),PMIU(MXELEM),
00043 4 OCNDDE(M)ELEH,MAXCON),
00044 5 AREA (MAELEMle AWIQ(MBELEM), DFZ(4), VSET(3),
Once5 6 EL(MtELEM), UAdEAtaxELEM)
00946 UATA RH0/1000./
00047 UATA SECDAY/e6000./
00048 C

000e9 FFRROM a . FALSE.
00050 hLn1C e .FAL8E.
00051 IDIMmMEELLM
00052 J01=mMANCON
00053 aHEh (ISEG .E4. 1)
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00054 C DISTR!buTE8 INITIAL CONDITIONS UP&19EAM OF INITIAL SEGMENT BY.

00055 C CONSERVING NELATIvt CR088-5ECTIONAL AREAS AND OISCHARGES-==.

00056 C ASSUME 8 LINEAR PNUFILE OF POTH 1EDIMENT AND PARTICULATE AND.

00957 C w!DTM & LINEAR FUNCTION OF DEPTH..

00054 C ese INITIAL CONDITIONS een.

00059 IF (ET1HE .GT. ENDIC) NEnIC e .TRUE..

00060 IF(NEgIC.ON.NEaQI.UR.hE*TRB).

00061 UNTIL (ETIME .LE. ENDIC). .
00062 MEAD (2,ENDm200)ENDIC,NN,PDEPTH,((CNODE(!,J),Js!,MAXCON),Ia!,NM). . .
00063 ... FIN. .
00064 IF(DEPTH .LE. DEPMIN) RETURN. .
00065 X8so.. .
00066 PX880. .
0006T CONat./12.. .
00068 00(Int,NM). .
00069 IF(POEPTH .LE. UEL(I)) GO TO 10. . .
000/4 disunlo(I+1). . .
On0T1 n8suolo(!). . .
00372 ET suEL(!+1). . .
00073 E8eUEL(!). . .
00074 1F (PDEPTH .L1. ET). . .
00075 WTan8+(NT.h8)e(PDEPTH=ER)/(ET.ES). . . .
00016 ETaPDEPTH. . . .
00077 ... FIN. . .
On078 DELTAsET=ER. . .
00019 PX8AR(I)s(with8)eDELTA/2.. . .
00000 PX8ePRS+PX84R(!). . .
00081 MELEMe!. ...
00082 ... PIN. .
00083 10 CONTINUE. .
00064 Do (Is!,NELEH) h8aK8+X8 AREA (1). .
00065 RATIOePX8/XS. .
00046 CALL EQUPCS(PX84R,UNID,UEL,XSAREA,NELEM,MELEM,RATID,IELP,. .
000d7 1. HE4X8,FERROR, DELTA)

-

.

00088 IF(PERRUR) NkTUNH. .
00089 Un(!st,hELEM*1) UnDAvGCI)stuMID(139UNID(I+1))/2.. .
00090 Ua0 AVG (PELEM)s(UNID(MELEM)+MT)/2. .

90091 UDELsOEL(2). .
on092 UVOLaPX$eALEN. .

00093 VELsQI/PXS. .
00094 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee****
00095 C CHANGE 3/12/61. .
00096 C . .
00091 DO (I sleHXELEN) UAREA(1)sud!D(I)*ALEN. .
00099 CALL RAU1US (ALEN,UAREA,CNUSEC,PDEPTH,UEL,HMAD). .
00099 nHEN(N1vEH). .
00100 CALL SHEARS (ALEN,ELEV,HRAD,PELEV,8 LOPE,STNE88,USTAN). . .
00141 ... FIN. .
00102 ELSE. .
00101 C . . .
00104 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**eeeeeeeeeeeeeene
09105 cal.L SHLaaR(PuEPTN,050, STRESS,USTAHevEL). . .
00106 $LOPtsSTHES$/(NHueng40). . .
00 07 . . .r t N. .
00!$6 CALL PROFIL(ALEN,Un0eVG,UDEL,PDEPIM,NELtN,Ql,U31AR,UVOL,GHULD,. .
(0809 1. UElet,nEL14).
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D0 (Ist,MELEMen)00110 . .
U0111 WHOLD(!)sWHCLO(!)e3ECOAT/(UNDAVG(lje(UEL(1+1)* VEL (I))). . . '

... FIN00112 . .
00113 WHOLD(MELEH)suHOLn(MELEM)e8ECDAY/(UwDAvo(MELEM)eDELTA). .

00 ( K a l e M A x Cnu,'Colle . .
00115 IF(K .LE. 3 .0H. K .EQ. f). . .

UPSJoswHOLott)00116 . . . .
WTsud!D(2)00117 . . . .
WHaunID(1)00118 . . . .
DELautL(2)=utL(1)00119 . . . .

00120 CTsCNUDE(2eK). . . .
CasCN0DE(1,K)00121 . . . .
HELM 8Tel00122 . . . .

ont23 CaSAumDEle(CTedT/3.+CiewS/6.9CSeMT/6.+C8en8/3.)eUP8uo. . . .
00124 CMBHDoo.. . . .

THASS(K)so.O00125 . . . .
IF (K .NE. 7)00126 . . . .

GisCN00E(2,K+3)00127 . . . . .
GusCN00E(1,Kt3)0012e . . . . .
PMsAssDELe(0.25e(NT*CieGT+wBecseGB)+00129 . . . . .
CD1s(hiaC8eG8+48ecie08+ndeCBeGT+cul to 1 . . . .
W8eCTeGT+dTeCueGT+WieCTeGB))eUP80000131 2. . . . .
PM8 hrs 000112 . . . . .
THA3S(M+3)s000133 . . . . .

... FIN00138 . . . .
00(1st,NELEM)an135 . . . .

HELHTPe!ELP(I)00116 . . . . .
UPsu0aWHOLO(NELHTP)00137 . . . . .
ETs0EL(NELMTP+1)00138 . . . . .
E9suEL(7tLMTP)00139 . . . . .
wisunlu(NELMTP+1)001a0 . .. . . .
assudlo(NELMTP)031el . _. . . .
CTsCN00E(NELMTP+1,M)00142 . . . . .
C8sCNUDE(NELNTP,K)00143 . . . . .
HELsHE9ss(1)Goles . . . . .
FACis(NEL Es)/(ET=EB)00145 . . . . .
FAC2s(ET=hEL)/(ET=Ed)08146 . . . . .
CTopsCT*FACitCR4FAC20014T . . . . .
MTOPsafeFACitWHeFAC200148 . . . . .
CMSATs(ET= Helle (CTeWT/3.tCiewiOP/6.tCTOPeWT/6.+CTUPenTUP/3.)00149 . . . . .
auPSu000150 1 . . . .
CMStTa(HEL*E8)e(CTOPepioP/3.+CTOPe=8/6.+CBeWTOP/6.+Cuang/3.)90151 . . . . .
eUP64000152 la . . . .
IF(K.NL.7)00153 . . . . .

GTsCNODE(NELMTP+1eK+3)00154 . . . . . .
G9sCanuE(NELNTPen+3)00155 . . . . . .
GTOPsGTeFACl+GueFAC200156 . . . . . .
PNSATa(ET=HEllet.25*(wf*CieGT+hTOPeCTOPeGTOP)00157 . . . . . .
+CONetwfeCIOPeGiup+dTUPetieGTDP+HTUPacTOPeGT+00155 1. . . . . .
wi0PeCreGT+dfeCTOPeGT+MieCieGTOP))eUP50000159 P. . . . . .
FMS8Ts("tL=tb)e(0.25ethTOPeCTUPeGTOP+nBeCHeGB)00160 . . . . . .
+CU4e(wi0PeChaG8t%BeCTOP4GH+WHeLBeGTOP+00101 1. . . . . .
an*CTOPeGTUP+=TOPeCHeGTOP+hTOPeCTOPeGM))4UP5WD00162 2 . . . . .

00163 ... FIN. . . . .
1 o1Cs%ELHTP=NEL4RT0u16e . . . . .
04eSSan.00165 . . . . .
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00166 PMASSao.. . . . .
00167 IP(1hDIC .EW. c). . . . .
0016B CMASSmCMS9T-CMSNB. . . . . .
00169 IF(n.NE.7) PMASSmPMSBT*PMSB8. . . . . .
00170 ... FIN. . . . .
00171 IF(INDIC.GE.1). . . . .
00172 CHAS8sCMS9T+CMSAB. . . . . .
00113 IF(k.NE.7) PMASSaPM89T+PHSA8. . . . . .
00174 ... FIN. . . . .
00175 IF(INDIC.GE.2). . . . .
00176 00(JsNELMAT+1,NELMTPal). . . . . .
0017F DELeUEL(J+1)*UEL(J). . . . . . .
00176 CTsCNUDE(J+1,K). . . . . . .
00179 CueCNODE(J,K). . . . . . .
00180 UPS90sGMcLD(J). . . . . . .
00161 wisuw!D(J+1). . . . . . .
001A2 mBeUwlD(J). . . . . . .
00141 CM48SmCMA88+ DELE (CTeWT/3.+CT*NB/6.+CeaWT/6.*C8ahu/3.)nuP890. . . . . . .
Ooisa IF(K.NE.7). . . . . . .
00165 GTeCNODE(J+1,M+3). . . . . . . .
00186 GasCNDDE(J,K+3). . . . . . . .
00167 PMA38sPHASS+ Dele (0.25*(mT*CinGT+h8ac8*Gs). . . . . . . .
00138 1. +CDNe(WReCT*GT+NT*CuaGf+hiaCT*G8+wf 3C8eG8+ws*CieGu+hteCueWT)]. . . . . . .
00lM9 2 *UP890. . . . . . .
00190 ... FIN. . . . . . .
00191 ... FIN. . . . . .
00192 ... FIN. . . . .
00193 TMASS(M)sTMA38(M)+CM488. . . . .
00194 CMA35aCMASS/4NIN(1). . . . .
00195 CMSageCMSAT. . . . .
00196 CMSHHsCMSof. . . . .
00197 NELMHisNELdTP. . . . .
00198 IF(n.NE.7). . . . .
00199 PMSABsPMSAT. . . . . .
on260 PMSMRsPM88T. . . . . .
00201 TMASS(K+3)mTHASS(M+3)+PNA38. . . . . .
00232 PMASSaPMASS/QHIN(1). . . . . .
00203 ... FIN. . . . .
00200 C . . . . .
00205 C NOTEt CMASS IS IN (NG/Ma*3). . . . .
00206 C . . . . .
00207 COMPUTE =PRUFILE=bALUES. . . . .
0020p ... FIN. . . .
00209 ... FIN. . .
00210 ... FIN. .
00211 ... FIN.

00212 ... FIN
002l3 C DISTRIHUTLS INITI AL CuNo!TIONS UPSTHEAM OF SUBSEQUENT 8EGMENi$ $Y00214 C CONSERVING HASS FLUX .= ASSHMF8 LlhEAR UP3THEAM O!STRlbuf!ONS AND00215 C CONSTANT *IDTM3.
00216 ELSE
00217 NEWjCs.J4VE,.

0021A READ (I'#LO)POEPlH,PDELZ,MELEMetWMULO(J),PXSAR(J),P"1D(J), Jet,.

0u219 1. HELEMJ e ((C 400E(J.k), Rat ,M A KCud),Jal,MELEM+1),
00220 2. ((OCNUDE(Jen),n=1,MAxCON), Jet,MELEM+1)
00221 IF(OE914.LE.DEPHIN) GD 10 300.
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00222 XSs0.

00223 PESs0.

40224 DO (1st,NELEM) X8stS+15AWEA(I).

00225 00 (Is!,hELEM) PX8sPXS+PN84R(1).

00226 RAT 10mPXS/XS.

00227 CALL EWUPXS(PESAN,PMID,POELZ,XSAREA,NELEM,MELEM, RAT!Up!ELP,
.

00226 1. NEGES)
00229 C ALLOCATES MAS 8 6T CONSERVING RELATIVE CR080e8ECT10NAL AREAS.

00230 D0 (MaleMARCON).

00231 IF(K.LE.3.0R.K.EG.7). .
43sK+300232 . . .
UPS90sWHOLD(1)00233 . . .
CTa(CNODE(2,K)* UCNODE(2,K))/2.00234 . . .
C8s(CNODE(1,K) + OCN0DE(1,K))/200235 . . .
NELMHist00236 . . .
CMSAHs(CT+CB)/2.eUPSUO00237 . . .
CH88Rs000213 . . .
TMA58(nloo.00239 . . .
IF (K .NE. 7)00240 . . .

GTe(CNODE(2,K3)+ OCN00E(2,K33)/2,00241 . . . .
Ges(CN00E(1,K3) + UCNODE(1,K31)/2002e2 . . . .
PMSaemuP8404(GT+GM)/2.00283 . . . .
PM888so.002a4 . . . .
TMAS8tK3)s090245 . . . .

... FIN03246 . . .
00 (Ist,NELEM)00247 . . .

HELMTPsIELP(!)00248 . . . .
NTsNELMTP+100249 . . . .
NusHELMTP00250 . . . .
ETsN8eP0ELZ00251 . . . .
EBs(Nn=1)*POELZn0252 . . . .
UPSuom0 HOLD (ms)00253 . . . .
CTa(C400E(NieN) + UCNODE(NT,K))/200254 . . . .
Cum (CN00E(NR,K) + OCNODE(NS,K))/2.00255 . . . .
HELsHE0X8(1)00256 . . . .
FACis(HEL=EM)/PDELZon257 . . . .
FAC2s(ET=MEL)/PDELZ002S5 . . . .
CTOPmCTeFACt+C8eFAC200259 . . . .
C98ATsFAC2*(CT+CTOP)*UPSW0/200260 . . . .
C4SeisFACl*(CTOP+CB)/2.*UP89000261 . . . .
IF(n.NE.7)00262 . . . .

GTe(CNUGE(NT,K3) + OCN00E(NT,K3))/200263 . . . . .-

Gos(CNODE(N8,K3) + OCNODE(NB,K3))/200264 . . . . .
GTUPsGTeFact+G8eFAC200265 . . . . .
PH1ATsFAC2*(GT+GTOP)*UPSWO/2.04246 . . . . .
PMSdfsFACl*(GTOP+GB)*UPSJo/200267 . . . . .

... FIN00266 . . . .
INDICmNELMTP=NELMBT00249 . . . .
C9AS$s000270 . . . .
PMAS$s400271 . . . .
IF(IN0!C.EQ.0)00272 . . . .

00375 CMAS$sCMS6T=CMSBB. . . . .
IF(K.hE.7) PMASSs*M56T=PMS9800274 . . . . .

... FIN00275 . . . .
IF(INDIC.GE.1100276 . . . .

CHAS$sCMSuf*CMSA400277 . . . . .
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00278 IF(K.NE.7) PMA80 EPM 38T+PM8A8. . . . .
00279 . . . F I r4. . . .
on280 IF;INDIC.GE.2). . . .
00291 DO(JeNELMdT+1,NELMTP.13

.
. . . . .

00282 CTe(CN00E(J+1,K) + OCNODE(J+1,K))/2. . . . . .
00283 Ces(CN00E(J,K) + OCNODE(J,K))/2... . . . . .
00284 3m0N0LO(J). . . . . .
00285 CMASSoCHASS+(CT+CB)/2.ee. . . . . .
00286 IF(K.NE.7). . . . . .
00267 Gio(CNODE(J+1,K3) + OCNODE(J+1eN333/2. . . . . . .00248 Gue(CN00E(J,K3) 4 OCN00E(JiK3))/2. . . . . . .
00281 PHassePMAss+(ST+GB)/2.*G. . . . . . .
00290 ... FIN. . . . . .
00291 ... FIN. . , , .
00292 ... FIN. . . .
00293 TMA88(nleTM48S(K)+CMAs8. . . .
00290 CM40SoCH488/QHIN(I). . . .
00295 CM848eCMsAT. . . .
00216 CH358eCMSMT. . . .
00297 NELMeisNELMTP. . . .
cu298 IF(K.NE.7). . . .
00299 TMA38(K3)sTMA33(K3)+PM438. . . . .
00100 PMAssePMASS/QHIN(I). . . . .
00301 PM848mPMSAT. . . . .
00302 PM38HePM30T. . . . .
003J3 . . . F I .1. . . .
00304 COMPUTE.PMDFILE. VALUES. . . .
00305 ... FIN. . .
00306 .'... FIN.

00307 ... FIN.

00308 ... FIN
00309 HETildN
00310 200 CONTINUE
00311 FERR0H e .TRUE.
00312 as!TE(6,13
00313 1 F0HM4t(10A,' FATAL ERRUN = INITIAL CONo!TIONS TO BEGMENT l',00314 1 * HAvE BEEN EXHAUSTEU')
00315 NETueN
00316 300 CONTINUE
00317 nHITE(6 2)
00318 h411E(4 3) ISEG
00319 2 FUR"41(104,' POTENTIAL DIFFICULTY . DEPTN.LE.DEPMIN')0032n 3 FOR14T(10x,esEGMENT NUNdER ste15)
On321 RETURN

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

00322 To COMPUTE. PROFILE. VALUES
00323 WHEN(1.Eu.1).

00324 nHEN(n.EQ.7). .
00325 CCIN(ten)sCNASS. . .
00326 CCIh(2,n)mCMAS$. . .
00327 . . .F I N. .
0n328 ELSE. .
00329 . . . COEFm0
00330 . . . (nom +3
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MaeVSET(KleAMEA(1)/(Aw!D(1)aALEN)00511 . . .
EZsDFZ(K)j 00332 . . .
CCIN(ten)m(2.eCHA83.COEFeDELZ/EZ)/(2.=nteDELZ/EZ)

! 00333 . . .
C CI N ( 2 p M ) s 2. e CM A 33.CCIN ( l a K)

i 00334 . . .
CCIN(lpKW)s(2.ePMA83*COEFeDELZ/EZ)/(2.=MeeUELZ/EZ)00335 . . .
CCIN(2,KK)e2.ePHASS.CCIN(1,KK)00336 . . .

. . .P IN00337 . .
00358 ... FIN.

00339 ELSE.
CCIN(I+1,K)e2.eCHA35=CCIN(1eK)00300 . .
IF (K.hE.7)00341 . .

003e2 CCIN(!+1eK+3)s2.ePHAS$.CCIN(1,K+3). . .
003e3 ... FIN. .

... FIN00344 .

00345 ... FIN
00346 EhD

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

PROCEUURE CR088= REFERENCE 7A8LE

00322 COMPu1E.P40 FILE * VALUES
00207 0030t

(FLEC6 VERSIO?4 22.46)
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00001 SudWOUTINE INIDATIANALMT,4NALf8, OELTH, ECHO, HLDERR, ITPMT,
00002 1 NSEG, N5fEP3, NVMENR, $!MLEN, GEPMIN)
00003 C
0000e C THIS ROUTINE READS THE INITIAL DATA COMMON TO ALL SESMENTS ANO 1800005 C DhLY CALLED FON StGNENT NUMMER {,
00006 C
00007 C FORMAL PANAMETERS
00008 C ANALHi . A1ALY813 CONCENTR ATION LIMIT
00009 C ANALYS . TIME SEh!ES ANALYSIS ComTR00 VARIASLE (Lel)00010 C DELTH TIME STEP LENGTH (SEC0hDS).

00011 C ECHO . LINE PRINTEN ECHO CONTROL VARIASLE (Lel)
00012 C HL0EHR HOLDING ARRAT FOR ERRDN NUM8 ENS (bVTE)
00013 C ITPRT - PRINI FRLuutNCT
00010 C NSEG . NJMhER OF 8(GMENTS
00015 C NSIEPS . NUMME9 0F TIME STEP 8 TO BE TAMEN (!*4)00016 C NUMERR = NUMBEM OF INPUT ERRORS DETECTED
00017 C SIMLEN . SIMULATION LENGTH (SECONDS . 144)
00019 C DEPMjN . MINjHUN (CUfufF) FLOh OEPTH (METERS)
00019 C
00020 C CALLED sts 8ERATRA
00021 C CALLES: PUTENR
00022 C
00023 BYTE HLDENR(100)
00024 C
00025 INTEGERee SIHLEN,NSTEPS
00026 C
00027 LOGICAL *l ECHO,ANALYS
00028 C
00029 DIMENSION TITLE (40)
00010 C
00031 DATA MAASEG /35/
00032 IF (ECHO)
00033 C .

00034 C ese PRINT HEADING ete.

00035 MRITE(6,1).

00036 > RITE (6,2).

00037 ... FIN
'

06038 C

00039 C CAROS 1 AND 2.....SIMULAT10N IDENTIFICATION TITLE
00040 C
00001 READ (1,1) (TITLE (1), Int,40)
00042 IF (CCH0) >HITE(6,4) (TITLE (1), Int,40)
00003 C
00044 C CARD 3............GENEHAL INFORMATION COMMON TO ALL SEGMENTS
00045 C
00046 C COL. 1 10...N9TEPS....NUMRER OF TIME STEPS TO SE TAMEN
00n4F C ll=15...h$tG......NUM8ER OF SEGMENTS
000eR C 16 20. . 11 P4 T . . . . .PR IN T F RE uuLNC Y
00049 C 21 25...A4ALYS....IIME SERIES ANALYSIS CONTROL VANIABLE
00050 C 26 35.. 0ELTH..... TIME STEP LENGTH (SECONUS)
00051 C 36 45...A4AlmT....LoaER LIMIT OF AVERAGE JISSDLVED
00052 C CONCENTRAf!ON. HEFORE THE HESULTS OF A
00053 C TIME STEP ARE SAVEO, THE AVERAGE

{

,
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00054 C OIS80LVED CONC. HUST SE > ANALMT.
00055 C 46 55.. 0EPHIN....HINIMUM (CUTOFF) FLos DEPTH MELD = NHICH
00056 C THE CHANNEL 18 CONSIDERED DR1ED.
00057 C

00058 READ (1,5) NOTEPS,NSEG,ITPRT,ANALY$,DELTH,ANALMT,0EPMIN |

l00059 C

0u060 C *** COMPUTE DIMUL ATION LENGTH (SECONDS) ene
00061 81MLEN e DELTH
09062 8!HLEN e $1MLEN * NOTEPS 1

00063 IF (ECHD)
'

00064 MRITE(6,6) N8TEPS,NSEG,1TPR T, AN ALYS,0ELTH, AN ALHT,81MLEN,DEPMIN.

00065 ... FIN
00066 C
00067 IF (NSTEPS .LE. 01 CALL PUTERW(1,NUMERM,HLUERM)
00066 IF (NSEG.LE.0 .OR. NSEG.GT.MANSEG) CALL POTERR(2,NUMENR,HLDERR)
00069 IF (ITPRT .LE. 0) (ALL PUTERR(3,NUMERN,HLDERR)
000F0 IF (DELTH .LE. 0.0) CALL PUTENR(5,NUMERN,HLDERR)
00071 C
00072 RETURN
00071 1 FORMAT (1HO,34X,'8E0! MENT AND CONTAMINANT TRANSPORY SIMULATION'a
0007a 1 ' PROGRAM = SENATRA')
00075 2 FORMAT (tMO,54X,'PHURLEM SPECIFICATION 8')
00076 3 FUNMAT(fua4)
00077 4 FodPAT(1HO,25X,20A4/26Xe20A4)
00078 5 FudMAT(Ito,215eL5,2F10.0,Etc.3)
00079 6 FukMAT(lHO,8X,Ilo,'... NUMBER OF TIME STEP 8 TO BE TAKEN'/
00040 1 14X,15,'... NUMBER OF BEGMENT3'/
00081 2 14Xe15,'...PMINT FREQUENCY (s OF TIME STEPS)'/
00002 4 16Mell,'... TIME 8ERIES ANALYSIS CONTROL 8/
0004) 5 ?I,lPE12.5,'... TIME STEP LENGTH (SECONos)*/
00084 6 TX,lPE12.5,'... TINE SERIES CONCENTRATION LIMITt/
00085 7 9X,1to,'... COMPUTED SIMULATION LENGTH (BECOND$}'/
0n046 8 9X,Eto.3,'... MINIMUM (CUTOFF) FLOM OEPTH (METERS)')
00087 C

-

00048 EHO

(FLEC5 VEH$10N 22.46)
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00001 SUBROUTINE LISTER (WASg nEGSEG,REGTIM, CHAIN,DEV, EXT,FILNAM,GUIC,
00002 1 INT 3EG,INTTIM,LSTSEG,LSTTIN,! STEP, UNIT 8,uu!C)
00003 C
00004 C TMis ROUTINE MAS TME RESPONSIMILITY OF LOCATING AND PRIMTING THE
00005 C SPECIFIED NATRICES FROM THE SPECIFIED FILES.
00006 C
00007 C F0WHAL PARAMETE933
00006 C HASE . $ CHAH4CTEW OASE FILE NAME FOR CHAINED OPEMATIONS
00000 C BCGSEG . RfGINNING SEGMENT NUM8ER FOR CHAINED OPERATIONS
00010 C GEGTIM REGINNING TIME PLANE NUM8ER.

000th C CMAIN . LOGICAL FLAG F0.4 CHAINED OPENATIONS
00012 C DEV BATE FILE NAME DEVICE FOR CHAINED OPERATIONS=

00013 C EXT RESE FILE NAME EXTENSION F0H CHAINED OPERATIONS.

00014 C FILNAM FILE SPECIFICATION FOR UNCHA!NfD PROCESSING.

00015 C GU!C GROUP u!C FOR CMAINED PROCf881NG.

00016 C INTSEG . SEGMENT INTERVAL FOR CHA1NED' PROCESSING
00017 C INTTIM TIhE PLANE INTERVAL=

000ln C LSTSEG = LAST 8EGNENT NuMuER FOR CHAINED OPERATIONS
00019 C L8TTIM . LAST TIhE PLANE NUMBER
00020 C TSTEP . TIME STEP SIZE
00021 C UNITS
00022 C

~ . MNEMONICS FOR CONCENTRATION OF CONTAMINANT ATTACHED TO
SE0!MENTS (PC OR KG)

00023 C 001; USEN UIC FOR CHAINED PROCE831NG.

00024 C
00025 C CALLED uT SPPN
00026 C CACL8: FCODE
00027 C
00028 14CLUDE 'ELMSIZ.PRM'
00029 BVIE UA8E(5),0EV(3), EXT (3),FILNAM(30),GUIC(3),UUIC(3)
00030 C
00031 INTEGER *2 BE93EG,UN113
00032 INTEGER *1 BEGTIM,1 TIM,LSTTIM,NSTEP
00033 C
00034 LOGICAL *1 CHAIN
00035 C
00036 DIPENSlow MELEVtMxELEMI, C(MxELEM,7), CMASS(MxELEM)e
00037 i CVOLM(M*ELEM), CTOTL(M*ELEH), BEL (10), 8(10,6),
00038 2 RAVG(10), O(MxELEM,3), CELAvtMxELEM,MAxCON)e
00039 3 QCI4(MxELEM,MAAcuw), WCOUT(MxELEM,MAXCON),
00040 a uvCELtMAELEM,MANCON), BEL 4vtMAxLEV,MAxCUN.8),
00001 5 WV01F(MxELEM,M4xCON),JJtMxELEM),
00042 6 BAL(MextuN),DIF(MAxCON),TRED(MAxCON),TOTDIF(MAxCON)
0004) C
00044 DU (J8EGs4EGSEG,LSTSEG,1NT8tG)
00025 IF (LMAIN) CALL FC00E (FILNAM,6&SE,J8EG, EXT,DEV,Gulc UUIC). e000e6 OPEN(UNITS 2, N ANE gF ]LN AM, T T PE s t 0Lo t ,RE A00NLY,FORns 'UNF ONM ATTE0 8 ).

00047 uRITE(1,9) FilhAM -

.

000e8 C .

00049 READ (2) NU"8EG.

00050 C .

00051 IF(BEbTIM .NE. 1).

00052 NM e BEGTIM 1. . .

00053 SRIP.NN.HATHICES. .

i
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00054 ... FIN- p.

00055 Du (IllnesEGTIM,LATTIM,1NTTIM).

o0096 IF(INTTIM .NE. 1 .ANO. ITIN .NE. DEGTIM). .
NH a INTTIM =100057 . . .
SKIP =NM= MATRICES00058 . . .

00059 ... FIN. .
00060 READ (2) h81EP,NELEM,NBED,ELEV,DELZ,80!V,XYSO,8 TRESS
ono61 HEA0 (2) (wtLEV(J),(C(Jen), Male 7),CMA88(J),cVOLh(J),CTDTL(J), |

. .

. .
un062 1. Jet,NELEM).

000h3 READ (2) ((D(J,K), Ret,3), Jet,NELEM). .
40069 REA0 (2) (HEL(J),(6(J,K),Ks1,6),UAVG(J), Jet,NBED). .
ono65 NELMosNtLEM-1. .
00066 00(Jet,NELEH) JJ(J)sJ-1. .
00067 hEA0(P) VOLUME. .
00068 HEAu(2) ((CtLAvtJ,K), Mst,MAXCON), Jel,NELEM). .
00064 HEA0(2) ((WCIN(J,K), Kat,MAxCON), Jet,NELEM). .
0U070 HEA0(2) ((GCouT(J,K), nat,MAXCON), Jeg,hELEM). .
00071 HEAP (2) (CuvCtL(J,K), KaledA* CON), Jet,NELMO). .
00072 Rhau(2) (tuvu1F(J,K), Kul,MAXCON), Jal,NELMO). .
00073 HEAu(2) (HAL(J),Je!,MAxCON),TSAL. .
00074 REA0(2) (p!F(J), Jet,MaxCON),T0!F. .
00075 HEAu(2) ((BELAV(J,K), not,MAsCuN=1), Jet,NBED). .
00076 NEAu(2) (IBFD(J),JaleMAXCUN). .
90077 RLA0(2) (TOT 017(J)eJel,MAXCON). .
On076 ELAP8E a TBTEP*N3fEP. .
00079 WN!IE(3,1). .
00090 ww!fE(3e2) NUM3EG,NSTEP,ELAP8E,ELEv, HELM 0,DELZ,N8ED,BDIV,. .
00031 1. tYSO, STRESS.

00062 PRITE(3,3). .
00083 aRIfE(3,4) (UNITS, Jet,6). .
opone 00 (Jet,NELEN). .

> RITE (3,5) mELEVtJ1,C(J,1),C(J,2),C(J,3),C(J,7),C(J,a),C(J,5),00085 . . .
Goode 1. C(Je6),CHASS(J),CTOTL(J)

~

. .
00037 ... PIN. .
00049 aNITE(3,61. .
00089 aHITE(3,7) (UNITS,Jules). .
00010 00 (Jal,H4LO). .
00091 m R Ill' ( 3,8 ) 8EL(J),(B(J,K),Kst,6),dAVG(J). . .
Onu92 . . . P ! .4. .
n0013 MR11E(3,12). ,

00014 dditE(3,1%) (UNITS, Jul,41. .
00095 aHIIE(3,14) (aELEV(J), (u(J,M), not,3), CVOLM(J), Jet,NELEH). .
ouo96 e41TE(3,15). .

> 00097 adI1E(3,16) (UN113, Jet,4). .
00098 WRIIE(3,17) (JJ(J), (CELAV(J,M), Kat,MAXCON), Jet,NELEH). .
00999 aMilE(3,la). .
00100 aRilE(3,16) (UNii5eJet,4). .

0n101 a4I1E(3,17) (JJtJ), (GCIN(Jek), Kat,MAXCON), Jul,NELEM). .
00107 aMilL(3,19). .
00103 ad!!E(3,te) (uN115, Jst 4). .
ot104 wwllE(3,17) (JJtJ), (ucouT(J,4), KaleMAXCON), Jet,NELLM). .

00105 C *WIIt(3,20). .
00100 L >HIIE(3,le) (UNIISe Jel,8). .
onto7 C 4 Wife (3,17) (J, (WWCEL(J,M), met,NANCOM), Jet,NEL40). .
ustna C nRIIE(3,24). .

00109 L aWIIE(3,la) (94115, Jul,4). .
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00110 C NRIIE(3,17) (J,tuvoIF(J,K), nat,MAXCod), Jet,NELMO). .
00111 aW!!E(3,21). .
Gutt 2 nR11E(3,22) (UNITS, Jet,3). .
00113 aR!fE(3,23) (J, (BELAWCJ,K), Kat,MARCON=1), Ja!,NPED). .
Gotte dHIfE(3,25). .
00115 nRilF(3,26) (UN115, Jet,5). .
00116 nHITE(3,27) (HAL(J), Jet,NAXCON),TBAL. .
00117 dWITE(3,27) (01F(J),Js1,MAxCON),TDIF. .
00119 nRIIE(3,29) (fpED(J), Jet,MAXCON). .
00119 aRIfE(3,2Y) (10fDIF(J), Jet,MAXCON). .
ont2d ... FIN.

00121 CLOSE (UNITS 2).

00122 ... FIN
00123 CLOSE tudITs3)
0u124 AETURN
00125 C
00126 1 FUHNAittHI)
00127 2 FOR44f(//10X,8 RIVEN SEGMENT NuMUER: 8,8X,16/
00128 1 10X,' TIME STEP NU96ER: 8,8X,16/
00129 2 10X,' ELAPSED TIME: 8,3X,F11.2/
00110 3 10X,' Datum 8,4X,F10,4/
00131 4 10X,'NUM8ER OF ELEMENTS: 'e8X,16/
00132 5 IvX,'STAhdARD ELEMENT'THICnNEsse ',1PE14.7/
00133 7 toX,'hudeEN OF SED LAYENSI ',5X,16/
00114 8 10X,' STANDARD 6ED LAYER TH]CKNES$3'elPE14.7/
00135 9 10X,' TOP LAYER THICNNESSI 'elPE14.7/
00136 1, 10X,' SMEAR STRESS VALUES 'e1PEte.7)
90137 3 FORHai(//55X,'aATER CUNCENTRATIUNS')
0013e o F0HMAT(//10Xe3(3X,'SUSPENDE0'),3X,80!S80LVED 8,1X,3(' CONTAN'
00139 1 'IHANT'),5X,' TOTAL',62,' TOTAL'/
On!40 2 2X,'ELEVAT!nN',qa,'84No',aX,
00141 3 'SILi',eX,' CLAY',5X,' CONTAMINANT WITH SAND WITH 81LT',
00142 4 3X,'WITH CLAY',3X,' PARTICULATE',4X,' CONC.8/
oul43 5 3x '(METERS)',3X,3('nG/Me*3',5X),1X,A2,8f/Mee3',5X,2(A2,'/Mee3',e

0o144 6 5X),42,8/Ma*3',5X,42,'/Ma*3',52,A2,'/M*A3')
00145 5 FOR4AT(IX,F10,4,lPluE12.4)
00146 6 F ON94T (//564,'0E0 CONCENTR A TIONS')
00141 7 fur *AT(// tex,' SAND *EIGHT',5X,'SILY wtIGHT',5X,' CLAY WEIGHT',
00146 1 3(5 ,'CONTA41NA4T'),7X,' AVERAGE'/22,'ELEVAT10N',6X,
09149 2 3(' FRACTION',HX),'WITH MA*10',7X,'d!TH 81Li',7X,'n1TM CLAY',
00150 3 9X,' CONC.'/
00151 4 3X,'(METERS)',75,3(73,gx),1X,3(A2,'/KG'ettX),A2,'/KU')
n0152 8 FORMAT (it,Flo.4,7(24,jPE14.7))
00153 9 Fodmal(' PdOCESSING= ',30A1)
0U154 10 FUR 14I(Sun,8(IHrLICIT FALL VELOCITY SCHENE)')
00155 11 FORMAT (enX,'(POMT tATRIX-SULUTION FALL H0JTINE)')
ou156 12 F0W941(//451,'CONTAMINANI ASSOCIATE 0 w1TN SEUIMENT')
ontS; 33 powMai(//42X,3('ConiAMINANI 8),2a,'AVEWAGE'/3tX,8tLEVATION',
00156 13X,'ntTH SAND',3X,'alfH SILT',32,*m!TH CLAY',4X,' CONC.'/
00159 232X,'(MEIERS)',5X,A2,'/MG',7x,A2,'/kG',72 A2,'/MG',6X,AF,'/MG')
04160 14 FUNMAf(30X,0PFlp,4,lF4E12.u)
00161 13 FuMMAl(//33X,'! HIE 4 PATED VALUES OF TOTAL MASS OR CONTadINANT IN EA
on162 ICH ELEMENI')
Ocl63 to FORMAT (//28X,3('SdSPENCEO 8),5(' CONTAMINANT '),' DISSOLVED'/
00164 12 0 X , ' E LE M F.N T Manus,in,891LT' eau,'LLAY',7X,'allH SAdo',3X,
00165 2'dliH SIL1 d!TH CLAr',3u,'CuaTAalh4NT'/31X,'nG',19he'mG8,
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00166 310X,'KG',11X,A2,10X,A2,10X,A2,17X,A2)
00167 17 FURMAT(22X,II,2X,1P3E12.4,1XelP2Ett.4e1XetPE12.4e1X,1PEl2.4)
001e8 18 FORMAT (//37X,' FLUE OF 8EDIMENT MASS ON CUNTAMINANT INPLUENT TO ELE
00169 tMENT')
00170 19 FORMAT (//3fX,' FLUX OF SEDIMENT MASS OR CONTAMINANT EFFLUENT FROM E
On171 ILgMEN18)
00172 20 FuMMAT(//34X,'VER11 CAL Flux 0F SEDIMENT MASS OR CONTAMINANT TO EAC'

00173 lH ELEMENT')
0017a 21 FORMAT (//36Xe'INTEGR ATED W ALUE8 0F TOT AL MASS OR CONT AMINANT IN TH
00175 IE 6ED')
00176 22 FORMAT (//14X,' ELEMENT 8,5X,88AND mE!GHT',5X,'8ILT WEIGHT',5X,8CLAT
00177 1 dEIGHT',3(5X,' CONTAMINANT')/75X,'n!TH 8AND'e7X,8w!TH 81Lt',73,'
00178 2MITH CLAT'/30X,'XG',2(tsX,'NG'),15X,A2,2(14XeA23)
00179 23 FORMAf(16X,13,2X,1P6E16.7)

~

00180 24 FudMAT(//36X,'DISPEM810N OF SEDIMENT M488 ON CONTAMINANT TMNOUGH E
00181 IACH ELEMENT') *

00162 26 FORNAT('O',9X,884Nye,12X,'81LT'el2X,' CLAY',11X,'N/84ND'e10X,'W/81L
Onta3 I T * ,10 X, ' h/CL AY',7 X e 'D1880LVED',3X, ' IO T AL CONT AHIN ANT '/11X, 'KG',
00te4 214 X , ' M G ' ,14 X, ' A G ' ,14 X, A 2,14 X, A 2, l a x ,4 2,14 t, A 2,14 X , A 2)

'

00185 27 F U RN A T (2 X,6 (2X, lP E 14.7 3 )
00186 25 FORMAT ('O','(1) OLOC + INFLUENT . EFFLUENT'/' 'e
00187 I '(2) hEwC = (ll'/8 8,

00188 2 '(3) hEhuED e SUMMATION IB(leJ)eVOLUMEeDEN81TV3'/' ',
00199 3 '(4) hE48E0 OLD8ED + (2)')
00190 29 FORMAT (2X,6(2X,lPE14.7),16XelPE16.7)
00191 C

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

00192 To SKIP.NM.NATRICES
00193 DD (NoteNM).

*** THENE AHL 15 4ECORDS FOR EACH T1HE STEP een00194 L . .
Do (Mal.15) READ (2)00195 . .

00196 ... FIN'.

00197 ... FIN
0019b C

00199 END

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

PROCEDURE CROSS. REFERENCE TABLE

00192 SN1P.hM. MATRICES
00053 00058

(FLECS VERSibN 22.a6)
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00001 SU8P00 TINE PARTIC(AMAR, ALEN, 0, C, CCIN, COLO, DECAYe OELTD,00002 1 DFZ, I, J, NMED, NELEM, WHOUT, 0HIN, UV, 80NdN. -00003 2 SD, SR, ALFA, BETA, VEL 1, VEL 2, VSET,
00004 3 UELZ, OEPTH, Sw!U, ANIDe utTAl, BETA 2e 080RS, ULDC)
00005 C
0d006 C THIS SUSR00 TINE CALCULATES COEFFICIENTS OF CONVECTIVEe DECAY AND0000T C

SOURCE TER48 FOR THANSPORT OF POLLUTANT ATTACHED TO SEDIMENT.00300 C
00009 C INPuf PARAMETENS
00010 C ASAR AVERAGE ELEMENT AREAR=

00011 C 8 8ED CUNDIT10NS.

00012 C C MATER CONDITIONS.

00013 C CCIN CONCENTNATION OF INFLON.
00014 C COLD CELL-CENIERED CONCENTNAT10N.

u0015 C DECAY FIRST ONDER DECAY.

00016 C DELTU TIME STEP (DAYS).

00011 C OFZ DIFFUSION COEFFICIEHf*

00019 C OELZ . ELEMENT THICNNESS
00019 C I ELEMENT INDEX.

00020 C J PARAMETER INDEX=

00021 C NSED NUMBEN OF BE0 LAYERS.
00022 C NLLEM NUM8EN OF ELEMENTS.

00023 C QMIN IhPLow DISCHARGE.

00024 C QV . VERTICAL OISCMARGE
00025 C Souen . AosuRHTION ON SEDIMENT, (1 3) M*A3/RG, (4=9) 1/UAY
000/6 C 050A8 UESORPTION FRuM SE0IMENT, (1 3) Mee3/xG, (e.9) g/DAT=

0002T C SN . EROSION RATE, KG(PC)/Mee3/DAT
00028 C Su * DEPOSITION NATE, MG(PC)/M3/ DAY
00029 C UUTPUT PANAMETEN8
00030 C ALFA = OECAY TERN, 1/ DAY
00031 C HETA . SOURLE OR 81N4 TENM, PC (MG)/Mee3/ DAY-
00012 C HETAI INFLUENT SoudCE TERM FOR I.TH NOUE, PC (KGl/Mee3/ DAY.

00033 C BETA 2 INFLUENT 8OURCE TENH FyR 1+1 TM NODE, PC (MG)/ Hee 3/ DAY.

00034 C VELI . FIHST CONVECTIVL TERM, M/0AY
00035 C VEL 2 - SECONO CONVECTIVE TERN, M/ DAY .

00010 C
0033T C CALLED 4f TRANSF,
0u033 C
00039 INCluoE ' ELM 8tZ.?RM'
00010 C
30041 NEAL INFH4C
00042 C

-'00043 DIMENSION AR44(MXELEH), '4EA(MEELEM), 8(MAILEY,MAXCON.1),00044 1 CCIN(MNELEM,MANCON), DECAY (6), DFZ(4), WHIN(MNELEM),no045 2 gy(engLtd), gor 84(g), SR(ele COLD (MXELEN,MAECUN),00086 3 C(HrELEN,MAXCON), VSET(3), WMOWT(MXELEM)e000nf 4 SD(axELEM,6), Bdtn(MRELEM), An!O(MxELEM), CHAR (MAELEM MAXCON)00048 5 03046(9), OLOC(MxELEM,MAxCOM),' 00049 C
0n050 0
00051 frNo a 1.0E-10

.00052 JM3sJ = 3
00053 IPI a 1,I
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(FLECS VERS 10H 22.46) 17-JUN=n2 15:03t15 PAGE 00002

O0'054 C

00n55 C ese C04WECT!vE TENH een q

/00056 C
00057 AQ e ovt!)
00056 VEL 1 a(A0=vsET(JM3)eBNID(I)*ALEN)/AMAR(1)

|

00059 C
00060 A9 m uvt!P1)
00061 VEL 2m(49-vaET(JH3)enw!D(1*1)eALEN)/ABAR(I)
00062 C
00063 C ese DECAV TERM een (EFFLugNI)
0006a C

00065 ALFAsoHuditt)/(ARAR(!)e0ELZ) + nECAY(1) j
40066 C
00067 C een souwCE OR SINK TENN ese (INFLUENT)
0006R C
00069 OETAlsQHIN(I)/(ABA4(1)*0ELZ)*(CCIN(leJ)/3.+CCIN(I+1,J)/6.)
00070 'iE T 42nWHIN(!)/( AB Ad(!)eutLZ) e (CCIN(1,J)/6.+CCIN(!+1,J)/3,)
00071 C eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemene

*09072 Ce
00073 Ce =ARNING: CCIN IS nulffEN INTO CBAR AS A FIR 8T &

00074 Ce APPRuhlHATION TO THE EVENTUAL AVERAGE e

00075 C* CodCENTRATION. THE ONLY MEANS UV WHICH e

00076 Ce le ASSURE THE ACCURACY OF THIS *-

00077 C* ASSUMPTION IS TO ITERATE To THE CORRECT e

0007S Ce SOLUTION, AND USE NEW ITENATES TO SETTER e

00079 Ce APPROXIMATE C8ARe *

b00080 Ce
oonal C *eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemen
00042 C

n0043 C een ARSORPfl0N / DESORPi!ON ete
00094 C

00095 Do (IE a 1,NELEM)
00096 C .

00047 TNPRAC e 0.5euMIN(IElenELin/Ae4R(IE)/pgL7.

oooop tapaAC a 1.0 . INFRAC.

000a9 00 (IC e leMAXCuN).

00090 CHAR (IE,1C) e CCIN(IE,1C)e!NFRAC+0 LOC (IE,1C)ethPRAC. .
00091 . . .F I N

'

.

00092 ... FIN
00093 Ir(CHAH(1,JH3).GT.O.O.AND.CHAN(l+1,JH3).GT.O.0)
00094 A0061m 50WrK(J)eSONHn(JM31/12.*(3.*CoAH(1,JM3)eC5AR(1,73.

00095 1. +C0AH(1,JM3)eC6AH(1+1,7)+ CHAR (!$1,JN1)eCdAM(1,7)t
0009h 2. CBAR(1+1,Jn3)eCHAH(!+1,7))=SOH8K(J)/6.*(2.eCUAH(!,J)+
0n097 5. CHAR (l+1eJ))
Uud98 OSADie USokH(J)e05URH(JM33/12.e(3.*CWARt!,JM3)eCBAH(1,7)~.

00099 1. *CuaR(1,Jh3)* CHAR (!+1,1)+ CHAR (I+1,JMA)eCHAR(1,7)+
90100 2 CBAd(1+1,Jn3).LoAw(1+t,73)=0suHu(J)/6.*(2.*CHAH(I,J)+ -

00101 3. CRAdtt+1,J))
00102 ADOS 2s 4048M(J)eSuhPKtJM31/12.*(CHAR (1,JM3)*CoAR(1,7).

coln3 1. * CM AR(I,JM3) et u Aw(1+1,7) +CR AR([+ [, JM3) eCg AN (),7)
00104 7. +3.*CMAR(1+1,JH31stHAR(!+1,7))=SOWdK(J)/6.e(CBAR(1,J)
00lu5 3 +2.eCae9(1+1,J))
00106 03402a USoHH(J)eDSupe(Jh31/12.ntCHAW(1,JM3)eCHAH(1,7).

00107 1. *CoAN(1,JH3)eCPAN(1+1,7)+ CHAW (I+1,JF3)eCaAu(1,1)
0010m 7. +3.eCR*R(jtt,JM3)eCHAW(1+1eT))=D50HH(J)/6.*(CBAH(!,J)
09109 3 *2.eCoAH(1+1,J))
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|

00110 IF( ADu8t.GT.O.O flR. ADDS t.E'4.Os A01) SET AlesET At + A0081 |.

00111 Ir(058Dt.LT.O.0)PEIAleHETA1+03AD1.

00112 IF(AD032.GT.u.0.04.A0032.E4.uSAD2)uETA2muETAF+A00Sa-
~.

.

00113 IF(DSA02.LT.0.9) BETA 2sNETA2+08AD2.

"G11e . ... FIN
00!!$ C
00116 C *** Scour ON DEP0511104 ***

,

00111 C
00119 UETA e 3R(J) 8Df!,J)
00119 NEtuRN,

00120 EN0 .

(FLECS WER$10N 22.46)
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(FLECS VENSION 22.46) 17.JUN.92 15:03:31 PAGE 00001

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

00001 SU8 ROUTINE PH01'iP(ECHO,JULI AN,K AV1,K AY2,PCOEF)
00002 C

000u3 C THIS SUBROUTINE 18 NESP04818LE FOR RE ADING THE PHOT 0 LYSIS INPUT
00004 C DATA AND COMPUTING INE FIRST TER% OF THE NATE OF CHANGE EDUATION.
00905 C

00006 C FORMAL PANAMETEN88
00007 C ECHU . LINE PRINTF.R ELHU CONTROL VARIA8LE = Let
on004 C JULIAN = JULIAN STARTING DATE OF THE 81MULATION
00009 C KAY1 . LIGHT EXTINCTION COEFFICIENT OF 4ATER
00010 C KAY2 . LIGHT ENTINCTION COEFFICIENT OF SUSPENDED SEDINENTS
00011 C IN WATER
00012 C PCOEF . FIRST TERM OF THE RATE OF CHANGE EGUATION
00013 C
00014 C CALLEO 8Y: SERATRA
00015 C

, 00016 INTEGERa4 SEC0AY.
! 00017 LUGICAL*1 ECHO

00018 C
00019 REAL KAY1,KAY2
00020 C

'

00021 OINENSICm E(18),8!(18,4),WL(18),PCOEF(4)
00022 C
00023 UATA SECOAY/86400/
00024 C a** THESE AEE THE SUNLIGHT NAVE LENGTHS THAT DATA 18 EXPECTED FOR
00025 OATA *L / 300.00, 303.75, 308.75, 313.75, 318.75, 323.10, ,

00026 1 346.00, 3T0.00, 400.00, 430.00, 460.00, 490.00,
00027 2 536.25, 586.50, 63T.50 687.50, 756.00, 800.00/
00026 C
0002f C ....FIRST DATA SET
00030 C COL. 1 5...JULIAN....JULIAN STARTING DATE OF THE SIMULATION
00031 C MHEN THIS IS INPUT 48 A 2ERO, NO
00032 C PHOT 0LYsts CALCULATIONS ARE MADE.
n0033 C 6=15... PHI.......THE REACTION GUANTUM VIELD FOR THE
00011 C CHEMICAL IN AIR.8ATURATED, PURE NATER.

1 00035 C A HEASURE OF THE EFFICIENCY n1TH mHICH,

I 00036 C A PHOTOCHEN! CAL PROCESS CONVENT 8
I 00037 C A080RdE0 LIGHT INTO CHEMICAL REACTION.00018 C 16 25...K AY1...... LIGHT EXTINCTION COEFFICIENT OF NATER

00n39 C (1/H)
00040 C 26 35...nAY2...... LIGHT EXTINCT 10*a COEFFICIENT OF
00011 C SUSPENDED 8EDINENTS I4 WATER (SELF=
n0042 C 8HAn!NG CUEFFICIENT) Mee4/KGee2 ~
00043 C
000a4 REA0(1,1) JULI A'd, PHI,M A Y l, K A Y2
00'45 aHEN (JULI4ta .E4 0)
OCve6 Do (Ist,4) PCOEF(!) s 0.0.

0004T PHI a 0.0.

00049 KAY1 a 0.0.

00049 RAY 2 a 0.0.

( 0005o IF (ECHO) mRITE(6,2).

00051 ... FIN
00052 ELSE
00053 C .

i

B.60

.



.

(FLECS VENSION 22.46) 17-Jui=82 15303131 FAGE 00002
00094 C ....SECOND DATA SET = AD800sTION COEFFICIENT 3 TASLE.

00055 C THIS IS THE TABLE OF AOSn4 TION'C0 EFFICIENT 8 FOR 18.

00056 C OlFFERENT WAVELENGTHS THAT AME A MEASURE OF THE CHEMICAlta.

00057 C A81LITV TO A080Rn LIGHT AT THE DIFFERENT NAVELENGTH8.

00059 C NAVELENGTH UNITS ARE NAND METENS..

00059 C ....NEC0dD {
,

.

00060 C COL. t=10...E( 1)...C0!F. FOR MAVELENGTH OF 300.00.

00061 C Il=20...E( 23...COEF. FOR WAVELENGTH OF 303.75.

00062 C 21-30...E t 3)...COEF. F04 W AVELENGTH OF 300.75.

00063 C 31=eo...E( 4)...COEF. FOR WAVELENSTN OF 313.75.

00064 C 4t=50...E( 5)...COEF. FOR WAVELENGTH OF 388.75.

00065 C 51 60...Et 6)...COEF. FOR nAVELENGTH OF 323.10.

00066 C 6t=70...E( 7)...COEF. FOR WAVELENGTH OF 346.00'.

00067 C 71-40...E( 8)...COEF. FOR MAVELENSTH OF 370.00.

00068 C .

00069 C ....dECORn 2.

00070 C COL. !=to...E( 9)...COEF. FOR WAVELENGTH OF'400.00.

00071 C !!=20...E(10)...CDEF. FOR MAVELENGTH OF 430.00.

00072 C 21 30...E(11)...COEF. FOR NAVELENGTH OF 460.00.

00075 C 31-40...E(12)...COEF. FOR WAVELENGTH OF 490.00.

00074 C 41-50...E (13) ...COEF. FOR M AVELE N6TM OF 536.25.

00075 C 5t=60...E(14)...COEF. FOR 54VELEN87H OF 587.50.

00076 C 6t=70...E(15)...COEF. FOR WAVELENGTH OF 637.50.

00077 C 71-40...E(16)...COEF. FOR WAVELENGTH OF 687.50.

00078 C ,

00079 C .... RECORD 3.

0u090 C COL. t=10...E(17)...COEF FOR WAVELENGTH OF 756.00.

U00$1 C Il-20...E(18)...COEF. FOR MAVELENGTH'0F 800.00.

00082 C .

00083 RE40(1,4) (E(L),Lat,18).

00044 C .

00085 C ....THIRO DATA SET = SOLAR INTENSITY TABLE.

00046 C THIS TAHLE CON 31STS OF FnUR SEIB 0F 18 VALUES. THE.

00087 C FOUR SET 3 CORNE8PokD To SFRING, SUMMER, FALL, AND MINTER,.

00088 C dESPECTIVELY. THE 18 VALUES CORNESPONu To THE 18 WAVELENGTHS.

00099 C a8 DESCRidE0 ABOVE IN THE ADSONPTION CUEFFICIENT TABLE..

U0090 C THE IhCLU51VE DATES FOR EACH SEASON ARE GIVEN BEL 0ng.

00091 C CALENDER DATES JULIAN DATES.

00092 C ============== ============.

00093 C 8PNING MARCH 1 * HAY 31 60=151.

00094 C SueMEH JilhE 1 = AUG. 31 152=243.

00095 C FALL 3LP. ! = Nuv. 30 244 334
.

.

00096 C "!NTER DEC. ! = FEH. 2n 335-36%p !=59 1.

00097 C .

00046 HEAD (1,4) ((SI(L,1),Lal,18),1st,4) 1
.

i
00099 C

,

.

00100 IF (ECHO).

00101 >N!!E(6,33. .
00102 hRitE(6,73 JUL I AN, PH1, n A Y t , *. A Y2. .
00103 aN11E(6,5). .
00104 On (LoletM). .
00ln5 * RITE (6,6) mL(L),EtL),(SI(Le!), Isle 43. . .
00104 ... FIN. .
00107 ... FIN.

00108 C ~.

00109 C en* THt JULIAN DATE IS A0JHSTED TO NAME THE FINST UAY OF.

|

|
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(FLECS VER$!0N 22.46) 17.JUN.62 15:03131 PAGE 00003

00110 C SPRING JULIAN DAY 1 ese j
.

00111 wnEN (JULIAN .GE. 60) JULIAN e JULIAN 59 i
.

00112 ELSE JULIAN * JULIAN + 306.

0n113 C . *

00114 C ese C0t1PUTE THE FIRST TERN OF THE NATE OF CHANGE EQUATION.
1

00115 C FuM EACH OF THE FOUR SEASONS een.

00116 DD (Is!,4).

00117 PCDEF(!) a 0,0. .
00118 Do (Lat,16) PCUEF(!) e PC0dF(!) t E(L) e SI(Le!). .
ont19 PCDEF(!) e PHI e PCOEF(I) * (2.303/6.02E20) e SECDAY. .
00120 ... FIN.

00121 ... FIN
00122 dETURN
00123 C

00124 1 FOR*Al(15,3F10.0) '

00125 2 F0dHATL1HO,13X,'No PHOT 0 LYSIS DEGRADATION MILL SE COMPUTED 8)
00126 3 FudMAf(1Hu,44X,'PHOTOLYSIS TAHLES AND COEFFICIENTS')

~

03127 4 FuhMAT(8F10.0/8Flo.0/2F10.0)
nol28 5 F09 PAT (1Ho,56X,'PwoTOLYSIS TABLES'/39x,'Aos0Refl0N',
00129 1 23X,880LAR I'lTENSI TIES '/23 X,'L AND A CENT E4 ',
0013u 2 2X,'CUEFFICIENTS',5X,' SPRING',8X,'SUMMERe,gg,gpA((e,
00151 3 9t,'HINTfR'/23X,6(12('.'),2s))
0n132 6 FodHAT(26X,F6.2,3x,5(2X,1PE12.4))
00135 7 FudNAT(26x,15,'...JULIAN STARi!hG OATE'/
00134 1 14x,lPE12.5,'... REACTION QUANTUH TIELD'/
00135 2 14X,tPE12.5,'... LIGHT EXTINCTION COEFFICIENT OF WATER'/
00136 3 14X,lPE12.5,'... LIGHT EXTINCTION COEFFICIENT of su8PENDE0',
on137 a e SOLIDS IN WATER')
00138 C

00139 END

(FLECS vER$10N 22.46)
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(FLECS VERSION 22.46) 17. Jure.82 15:03:47 PAGE 00001
.

i ........................................ ,

|
! 0000 SuskouTINE PRuFIL(ALEN, Aw!D, DFLZ, OEPTH, NELEM, G,
; 00002 1 USTAR, VOL, WH, EL, IFLAG, DELTA)

00003 C
^

00004 C THIS Rout 1ht ASSIGNS A LOGARITHMIC OR UNIPORM PROPILE FOR THE
00005 C UOLK VOLUMETRIC FLohS.
0000s C

00007 C INPui PARANEttRS:
00008 C ALEN . SEGMENT LENGTH
00009 C ANIO . SEG"ENT nIuTH
00010 C DELZ STAhuARu ELEMENT THICKNESS.

00011 C OEPTH FLon DEP1H=

NUMMER OF VERTICAL ELEMENTS IN THE SEGMENT00012 C NELEM .

FLug To dE DISTRIBUTED
'

00013 C 9 .

00014 C OSTAR SNEAN VELOCITV.

00015 C vol SEGMENT VOLUME-

000th C QUTPUT PARAMETERS:
00017 C QN . DISTRISUTE0 FLOW
ocula C

00019 C CALLtn BY Hf0FLD, ICFLO
00nau C
0002l INCLUDE 'tLMSIZ.PRM'
00022 C ,

00023 011EN11 ara QH(PXELEN), Z(MxELEM), Z1(MXELEM). AMID(MXELEM), |
00020 1 EL(HuELEM) i

00025 OATA EK/0.4/ ~

00026 DATA G/9.el/
00027 C
00026 00 (I e 1, MxEL EM)
00029 4Ht!) = 0.0.

00030 ... FIN
00031 USARou / VOL * ALEh
00012 C ZneDEPTH/(10.**(USARexK/(2.leOSTAW) + 1./2,3)),
09033 1Coupiso
00034 20s0.001
00035 ClauBARexn/USTAR+1.0
00036 CONsDEPTH*(C1 2.303eALOG10(OEPTH))
00037 REPEAT UN11LLA8S(EPS).LT.O.01.0R.! COUNT.GT.10) '

00039 ICoumisICOHNf+1.

00039 FZosCON=Z0eCl+2.303*0EPTHeALOG10(20).

0004u FPlusDEPTH/Zu=Cl.

000a1 ZPs20.FZ0/FPZO.
'00042 EPSs(ZP.ZO)/ZP.

00043 20slP.

00048 IF(20.LT.0.01.

00045 20sDEPTH/(la.**(U0AResk/(2.303euSTAq)+1./2.303)). .
00046 ICVUNfsfl. .
0004T ... FIN.

00046 ... PIN
00049 C
00050 aNEN (20 .GT. DELg/a.0.OR.NFLEN.E9.1) ' '

00051 C ese DIstulouTE vtLOCITY UNIF ORML Y ***.

00052 aMEa(IFLAG.EU.0).

00053 DO (Ist,HELEMI. .
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(FLECS VEW810a 22.46) 17 JUN=82 15303:47 PAGE 00002

4H(IleURAReDELZeAn!0(!)00054 . . .
... FIN00055 . .

00056 ... FIN.

00057 ELSE.

00058 00 (Is1.NELEMel). .
00059 WH(!)sV6AHe(EL(Itt).EL(1))eAWID(I). . .
09060 ... FIN. .
00061 QH(NEEEN)supAReDELTAeAMID(NELEM). .
00062 ... FIN.

n0063 ... FIN
00064 ELSE
00045 C ese 01stRinU1E vtLOCITY INTO A LOGARITHNIC PMOFILE ese.

00066 NUMRahELEM41. ,

00067 Z(1) slo.

00046 Z(NUMS)s0EPTH.

00049 Zi(NUhM)s0.

00070 C. .

00071 Jr e 1.

00072 JsNU*C.

00u73 PEPEAl UNTIL (JX .EG. NELEM 0R. Z(J) .LE, 20).

0n074 Ja a Jx + 1. .
On075 JsNELEM * JX + 2. .
00076 SHEN (IFLAG.Eu.0) Zi(J)sZi(J+1)+0ELZ. .
00071 ELSE. .
00078 SHEN (J.LQ.NELEM) Zi(J)sZltJ+1)+DELT A -. . .
00079 ELSE Zi(J)sZi(J+11+EL(J+1)=EL(J). . .
00030 ... FIN. .
00091 Z(J)s0EPTH Zi(J).. .
00052 ... FIN.

000n3 WHEN (Z(J) .GT. 20) Jst ..

00004 ELSE.

00085 J1 s J=1. . ,

00046 00 (Ist,J1). .
00097 uM(1)so.. . .
000es ... FIN. .
00089 ... FIN.

00090 C .

00091 C .

00092 Am2.303 * USTAR / xK.

00093 SU"s0.

00014 C mLOGosALOG10(DEPTH).

00095 C DD (1sJ,NELEH).

00096 C IPIsl+1.

00097 C OLZ s 2(IPI) Z(!)..

00098 C TisA*DLZ e XLOGD.

00094 C T2 man (Z(IPI) e ALOG10(Z(IPl)) = Z(I) e ALOGIO(Z(!))*DLZ).

00100 C CHt!)s(U94Re6LZ.II+12)*Aw10(I).

0n101 C sum s SUM + WH(1).

00302 C FIN.

00103 T!sA/(OEPTH 203e(20eALnG10(ZO).0EPTHeALOG10(DEPTH 3)+UBAR.

0010e 00 (IsJ,NELEH).

00105 IPle!+1. .
00106 12s4*(Z(IP13eALOG10(Z(IP!))-Z(13eALOG10(Z(1))). .
00107 Gd(IlsA410(!)*(72+(Z(IPI)=/(1))*TI). .
0010R SU tsStIM*Q4(1). .
00109 ...FIS.
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' *

00110 90 (Ist,NELEMI.

00111 QH(1}s9H(I)/ SUM eo. .
00112 FIN. ...
00113 ... FIN
delle REIUqw
00115 E rd0

(FLtCS Vees 10N 22.46)A
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(FLECS VER$10N 22.46) 17.JUN 42 15:04:01 PAGE 00001
'

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

00001 SURRuuf1NL PUT[NHt10, huMEHR, HLDERW)
00002 C

00003 C aHEN AN ENROR IS DETECTED IN THE input SINEAM , *

00004 C THIS SUBROU11NE IS CALLFD 10 PLACE THE EM904 IDENTIFIC4f!ON
00005 C CODE (10) INto' TNE HLLOING ARRAY (HLDEMN) AND INCNEMEhts

'

600c6 C IHE NUMREN OF ENRORS (NdMER#).
00007 C
00008 C LALLEO WYs 0140AT, IN!DAI, TARDAT, UPSDAT
00009 C

00010 HYTE NLUENR(1603
40011 C

00012 NoaERReNUMERRtt
00013 HLDERW(Nu" ERR)sto
00014 REIORN
0o015 LNu

(FLEC5 VERSIUN 22,46)
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(FLf CS VEkSION 22,46) 17.JQ*4 82 !$304101 PAGE 00001

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

0hool SitHRouTINE RAnlus ( 4LEN, AREA, CRUSEC, DEPTH, EL, HRAD)
v0002 C

'

40003 C 1913 40UTINE CALCHLATES THE HYDWAULIC NADlug 0F A CROSS.8ECTION.
00004 ,C
09005 C INPUT PAWAME17R5
00006 C ALEN $EG''ENI (ENGIH.

00007 C AREA surf ACE AREA AT Nn0AL DEPTH 5=

00006 C DEpfH OEPTD OF CROSS.SECTION=

000u4 C tL EL EV A TION OF NODAL AREAR.

00010 C OUTPUT PANAhETENSg
40011 C CR0btC = TOTAL CN088 8ECT10NAL ANEA
On012 C HNAD HVUHAULIC RADIUS.

00083 C
oncl4 C CALLEu Hye HTnDAT. ICFLO
00015 C
0n01% INClunE 't(MSIZ.PHHs
unolf OldEH310 4 AREA (MEFLEM), EL(Hz[LEN)
00018 C

' 04011 C905EC e v.
onn23 'st EN e 1./ALEN
ouddl *EIPfH e AREA (1)*HLEN
00022 ELufM e EL(1)
00023 aHTM e AREA (linqLEN
nno24 C

00J2$ DD (Is2,MMELEH)
00026 FLTOP e EL(1).

nuo27 > Tup e AREA (11eoLEN.

00029 IF (EL10p.GE.DEPfH) GO To 10.

00029 CeOSEC e (ELied EL31H)*(af0P + amTN)/2. + CROSEC. .

onclo *ETPtN e SJHf((tL10P . ELuiH)**2 + ((MIOP = M8tM)/2.le*2) e 2.0.

00051 1 + WE1 ped
on032 ELoire a ELTnP.

oa053 adid a ut0P *.

00014 . . .F i v
00013 * Rife (6,1) C408EC, WE1PE4, I
00014 i FUdHAT ('I', ' ENN02 IN SUHe'OuilNE R A01US'/
00431 1 80 CduSEC e ', E12.1,'dee3'/
oonle 2 'O =FTTEn PERIMEIER e ', E12.4,'Ma*2'/
no01+ 5 'o ELE"ENie ', 13)
00040 r.0 10 20
onoel to alun a wa t n + ( 410e> . nHTM) e (DEPTH ELRIM)/(ELTOP EL8IM).=

00042 ELTOP e otPTte
04043 CROSEL e CROSEC t (EL10P . EL84tM) * (=10P + e4TM)/2
ouv44 *ElvEN e 5447 ((ELtop ELHTM)ee2 + ((Hlop =>dTN)/2.)**2) a 2.0.

00045 1 * detvEd
0001h 2u HWAo a CHOSfC / aF IPEN
cone? HElodw
noagn E 40

(FLf C5 WlWilO'8 #2.46)
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(FLFCS VERSION 22.46) 1T=JUN.P2 15404:15 PAGE 00001

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

00001 30$ROUIINL RDSFLO(ALEN, AREA,.AMID,C, DELZ, OFZ, NFt.EM, NELEMP,
00002 i POELZ, Pd10, PX8AR, VSET, X84hEA) >

00003 C
00004 C THIS SuuRnuTINE Is CALLED EACH TIME STEP ttXCEPT THE FIRST) WHEN THE
000n5 C DEPfH n!TMIN THE SEGMENT HAS CetNGED, ITS TABM IS TO AE018 TRIBUTE
00006 C THE CONCENINATIONS.
00unF C

0u006 C FORMAL PARAPETEH88
00009 C AnID . w!DTH e EURWEhi TIME STEP

IHE NELMPT+1 N00AL CONCENTRATIONS IMAT ARE TO BE00010 C C .

0u011 C REDISTNIPUTED
THE STAN9APO ELEMENT THICNNESS FOR THE CURRENT TIME STEP00012 C DELZ .

01FFUS10N.DISPENSION COEFFICIENT00013 C OFZ =

THE MUM 6ER OF ELEMENT 8 FOR THE CURRENT TIME STEP00014 C NELEM .

00015 C NELEMP * INE NUMBER OF ELEMENTS DURING THE PREVIOUS TIME STEP
INE STANDARD ELEMENT THICKNE88'USED OUMING THF PREVIOUS00016 C POELZ .

00017 C TIME STEP
PRESS SECTION * PREVIOUS TIME STEP00018 C PX3AR .

41DTH e PREVIOUS TIME STEP00019 C PWID .

00020 C X5 AREA . CROSS SECT!0N e CURRENT TIME STEP
8ETTL1HG VELOCITV 0F 8EDIMENT00021 C VSET .

09022 C
00023 C CALLEO SVI SERATRA
00024 C

00025 INCLUDE lELMSIZ.PRM'
nooin C

( 00027 DIMENSIO9 AREA (MMELEM), AMID(MXELEH), C(MF"8.EM,MAXCON), ,

1 00026 1CP(MIELEM,MAXCON), OP2(4), PMID(HXELE"), PX3 ARC'XELEH),
I 00029 2VSEi(3),.XSAWEA(HMELEM), IELP(MXELEH), P'?XS(HXELEM), TMA83(T)

0n030 C

00031 Ps3 s 0
00012 XS a0
00033 C
00034 00 (Int,NELEM) XS e XS + X3AREAt;.
00035 90 (Ist,NLLEMF) PAS a PX8 + Pu' 1(I)
00034 U0 (tal,NELEMP+1)
0003T 00 (JaleMA4 CON).

00038 CP(1,J) m C(j,J). .
00039 ... FIN.

00040 ... FIN
i 00041 DATIO s PX3/XS

00042 CALL Ed4PXS(PX8AR, o "cELZ, XSAHEA. NELEM, NELEMP, RATIO,
00043 11ELP, HEux8)
00044 DO (del,MAnCUN)
00045 THASS(M)eo..

00046 CTmCP(2,M).

00047 C0eCP(1,*'.

0004A NELM4Tal.

00949 CMASAds(Cf,C4)/2.*PXSAR(!).

, n0050 CMASBuso..

| 00051 P0(Is t, NELE M).

00052 NELMIPsIELP(!). .
00053 Nd 8 NEl.H T P. .
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(FLECS VERSION 22,46) 17=JON=42 15:04: 15 PAGE 00002
-

00054 NisNd+1. .
00055 Elmh8ePDELZ. .
00056 EBmET.POELZ. .
00057 CToCP(Nien). .
00058 ComCP(N8,n). .
00059 MELeHEQaS(I). .
00060 .FActe(HEL=EB)/PDELZ. .
00061 FAC2a(EfeHEL)/POELZ. .
00062 CTOPsCTeFAC1+C8eFAC2. .
00063 CM48Ais(CT+CTOP)/2.*PWID(N6)e([T MEL). .
00064 CMA3sTe(CTOP+C8)/2.ePWID(NBje(HELoE8). .
0u065 INDICsNELMIP=NELMAT. .
00066 CMASSec.. .
00067 IF(INDIC.LQ.0) CMASSeCHASHi=CMAS56. .
00068 IF(IN0!C.QT.0) CMASSoCMASHT+CMASAS. .
00069 IF(IN01C.GT.1). .
00u70 00(JsNELMOT+1eNELMTP=1). . .
00071 ClaCP(J+1eK). . . .
00072 ChaCP(Jek). . . .
00013 CNAS$mCMA$3+PMSAR(J)*(CT+C83/2. . . .
00074 ... FIN. . .
00075 ... FIN. .
00076 Ta488(kleTM458(K)+CMA83. .
00077 C NUDAL VALUE IN NOTTOM ELEMENT. .
00076 nHEN(1.EG.1). .
00079 AMEN (n.NE.7). . .
00080 C . . . .
00081 C SahJ SILT CLAY. . . .
00042 C . . . .
J0043 a*EN(M.LT.4). . . .
00084 COEF a0. . . . .
000P5 WSev8Ei(M)eAREA(1)/(AWID(1)eALEN). . . . .
0o086 EleuPZ(M). . . . .
00047 ...F]N. . . .
000M8 C . . . .
00089 C POLLUTANT ASSOCIATEn w!TM gAND SILT CLAY. . . .
00090 C . . . .

,

00091 LLSE. . . .
00092 CDEF so,. . . . .
00091 WSev3E T(Kal)* ARE A(1)/( ANID(1)e4LEN). . . . .
00094 E Z ul+F l ( M * 3 ). . . . .
00095 . . . F 1 **. . . .
00096 C . . . .
00011 C h0fts CHA33 IS IN (MG/H). . . .
00098 C . . . .
0u099 Cft.P)s(2.*CMASS/xSANEA(1)=COEFe0 ell /EZ)/(2.=WS*DELZ/EZ) l. . . .
00100 C(2.K)s?.aCMASS/siAREAtt)=C(1.M) I. . . .
00101 ... FIN. . .
00102 C . . .
00103 C DISSilvle POLLt1 TANT. . .
00104 C . . .
outo5 ELSE. . .
0010e C(1.M)sCMASS/VSAkl&(j). . . .
00107 C(2,n)=C(t.nl. . . .
00148 ...f!N. . .
ontog ...Ptu j. .

l
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(FLECS VENSIDH 22.46) 17.JUH=MP 1%l04:35 PAGE. 00003

| Onllo C N004L V4 LUES ABOVE 40TTOM ELEMENT. .
00118 ELSE C(1+1,A) e 2.acMA85/X84REA(I)=C(lek). .

00112 CMA8A8eCM484T
|

. .
,
~ 00113 CMasseeCM4361. . '

4 404l4 NELMeteNELMTP. .

00115 ... FIN.

00114 ... FIN
00117 htitlNN

-

j 00118 F.H U
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(FLECS VERSION 22.46) 17.JU4=M2 15:04:30 PAGE on001
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l

00001 398Houf1NL RPIERR(h0MENN, HLUENN, FERMUR)
00092 C

( 00003 C THIS NuuTINE ]$ Ht3 PUN 31 OLE FOR REP 0HilVO ANY INPUT ENNOR8
~00004 C UNCuVERED di THE IN6'esT N00 TINES ANO DETEn"iNING THEIR SEVERITY.'

00005 C
On006 C CALLEU oft SEWATRA, S1HTUP> .

00007 C
On006 Af t t HLDENR(100),DHF F (60,2)
40009 C
000tu LnGICALet FLRH09
00011 C
on012 C CALLEu Rft SERATHA
00013 C

1 FORhe'ruMM AI TE0',M AXNECs200,RELORDelZEsoo,', ACCE80e'DINECT' e
t*EN(UNife10,NAttEm'SEHAIEHH. MSG',TYPEm'OLu00014

00015
00016 2 4550CIAttv4HIARLLs]][,HE4pONLY)
00017 C
00016 MilMee0
00019 huPFs0+

00020 apl1E(6,4)
00021 Do (Is!,NUMEkH)
00022 INum(HLOFRN(1)-1)*2+1.

00023 HEAD (10'!ker 1)(HUFF (n,1),Mel,60).

00924 1HDetNDet ,.

00025 NEsp t t o 'INO.1)(hyF F (K,2), Rm1,80).

00020 Ir(SUF F ( t e l l .Eu. ' N')NunnaNUMp e t.

00027 4 IF (HHF f (1,1 ) .E u. ' F ' ) NQMF a NUMF t 1
0n028 dNIIE(6,2)((HUFF (M,J),Kat,80), Jet,2).

00029 ... FIN
00030 e N 11 L ( 6,3 ) NUH w , NU.1F
00031 CLOSE(u4 tis 10)
00032 IF (NOMF .GT. 0) FLRRnN e .fHUE.
n0033 NEluMN
00034 C

00035 i F 0HM AT (80 A1)
n0036 2 FUNMA1(1H0,Al,2A,3Al,31,7641/101,MOA1)
00037 3 FORM 41(//e10W,IS,' WARNINr. DIAG 40$i!C5'/lla,15,' FATAL ERROR (5)')
0n036 4 F0H1Af('/aeeen DIAGNUSl!C SUMMANY etete')

~

00039 C
00000 Lhu

(F LFC8 vENS104 22.46)
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(FLECS VERSION 22.46) 17sJUN.92 15:04:3n PAGE 00001
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00001 SUBROUTINE SAND (AHAR, ALEN, AREA, 8, BDIV, CCIN, DELTD, DELI,
00002 1 DEN 8, 050, HRAD, N8EU, NELEM, POR, OHIN,
00003 2 GHOUT, SCSHR, SLOPE, 8METH, STRE88e TEMPR,
00004 3 VSET, VOL, uv80, DEPO, ILAYR, 80, SR,'
00005 4 XNT, COLD, C, C40SEC, BWID, ECH07, SCOUR)
00006 C
00007 C TNIS SudROUTINE COMPUTES THE SOUNCE/ SINK TERM 8 MEGUIRED FOR
00008 C SCOUN/DEPUSITION OF SAND, TRANSPORT CAPACITV'IS CALCULATED -

000a9 C ONCE PER SEGMENT.
00010 C
00011 C INPUT PARAMETERS

AVEWAGE VERTICAL,PM0JECTION AWEA00012 C AGAR .

00013 C ALEN SEGMENT LENGTH.

ELEMENT (REAL) VERTICAL PROJECTION AREA e DATA NODE 800014 C AREA .

BE0 CONDITIONS00015 C N .

00016 C eDtv STANDAWD BED LAYER THICNNESS.
'

NEAL *1oTH AT CROSS.SECTION SREAK PUINTS00017 C uw!D .

00018 C C >ATEN CONDITIONS=

00019 C CCIN CONCEhfMAT10N OF INFLOW=

0002n C CN08EC . TOTAL CNOSS.8ECTIONAL AREA, MAe2
00021 C DELfo TIME STEP (OAYS).

00022 C DELZ STANUARD ELEMENT THICMNESS.

00023 C DELZT THICKNESS OF THE TOP ELEMENT.

0002a C DENS OENSITY '.

unud5 C 059 NEDIA4 MED SEDIMENT DIAMETER (METER).

00026 C MRAD HVDRAULIC RADIUS.

00027 C NuEu NomutR OF BED LAYENS.

00'02A C hELEm NOMMEN OF ELEPENTS.

00029 C PON PJR0617Y.

00030 C WHIN IHPLnk UISCHARGE=

OulPLUh DISCHANGE00031 C NHOUT .

C11TICAL SHEAR 8THESS FOR Scour00032 C SCsnR =

00013 C SLUPE ENERGY OR RIVER BED SLOPE.

00034 C SMETH NEfM00 TO BE USED MHEd COMPUTING SAND CAPACITY (STTE.

00015 C sit T0FFALETTIIS PETHOD
00036 C eCf COLdV'8 METHOD
04037 C STRESS . UED SHEA4 SI4E81
n0031 C IEMPR htiER TEMPERATUPE.

00019 C WSET PARilCLE SETILING VELOCITY.

0u040 C Vut volume.

00441 C NYSO THichNESS OF TUP HED LAYER.

00042 C OUTPUT PARA'ETERSs
00043 C ILAYH No, UF tie 0 LAYEWS AFFECTED ef SED, DEPOSITION AND ER.

04044 C 30 DEPOSTTID'd 84 tee (MGtPC)/ Pee 3/ DAY).

n0045 C SM E406101s N A T E, (M G ( P C ) / tia * 3 /0 A Y )=

nooit C ahl Mt!GHT UF TOP HE0 SEUINENT LAYER, (MG/ Hen 2).

00047 C DEPO aEu OEPOSIT!nN NAIE (MGtPC)/"2/UAf).

00048 C SCOUR HEu SC1UN RAIE (MG{PC)/r2/0AY).

00044 C
00050 C CALLED HY: TdANSP.
00051 C CALL 88 TQFFAL, CULdf
00052 C
00053 INCLUDE 'ttrSgt.PNas
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(FL ECS VENSION 22.46) - 17=)UN-92 15804138 P4GE 00002 '

0905u C
uo0%5 RYIE SHETM
90056 C
09057 LOGIC 4Let FER404, ECH07
0005n NE4L INFRAC,

00059 C
- 00060 C

00061
DIMENSION ASAH(MxFLEM), ANEA(MXELEM), 8 ( M 4 X,L E V, M A RC ONo! ),00062 l COLo t inELEMedAxCON),CCIN(4XELES,MANCON), DENg(3),0o063 2 edl4(dutLEM), WHOUT(MAELEM), SCsHM(3), '

00064 3 30(*mELEM,6), SR(6), VSET(3), RNT(3), EE(MNELEM)e0006% 4 IL47R(3), C(MsELEM,MARCON), Hul0(MMELEM),
00066 5 DEP0(6), SCOUN(6)
00047 C
000he C .

000h9 C INIIIALift SCALAR ANQ AH44Y WAMI44LES0n07n llavytt) e0
00071 N5e0.0
0u072 Cano.0
00073 DEPd(l) e0.000074 ptP0(4) a0.0 '

n0075 8RC e 0.0
00076 G81 e 0.0
00077 W10T e 0.0 '

00076 $R(lle0.0
00079 $N(4)e0.0
04060 3COU9(llo 0.0
Goon! 3C0Vd(4)e 0.0
00062 W4fL s 0.0
u0003 WpCROS e ALEN e Mal 0(l)
noone VOLUME e CRosEC e ALEN
000n5 D0 (nel,NELEM)
000H6 80(4 11e0.0.

000n? 30(4,4)e0.0.

000H6 ... PIN
00049 ANT (l) e O.
no09n Ir(Neto.NE 0)
00091 INT (lle(1,0.PO4)/(M(NBED,1)/ DEN 9(l)+6(N8tD,23/ DENS (2)$.

00092 1 4 (pME D,3 )/DE us ( 3 3 ) e q v30 es (Net D,1 ) '

0009) ... WIN
On09e IF (ECHHF)
00095 C .

Quo 9h C CALCULATE ACIUAL SAND THAN9 PORT WITHIN THE NIVER HlACH, SNC(RG/ DAY).

00097 C .

00099 C N0ftl CCIN la 4 TI"E AVEgar.gp uuAN!!TY, COLD 18 NOT. AN.

00099 C IIFRATIVE LonP 13 C4LLEp FOR kHENE SHC 18 UPDA.TED UNTIL.

0n100 C NF.3dLTS ant udCMANGEO.,

00101 .C . .

n0102 P0 (luel.NELEN).

00105 INFNAcou 5elHldtlu)entLip/4uaq(Is)/DELZ
E n r H Ac e t .o.'i t F 4 4 C

. .
nolde . .
00105 .' SPLeMHCelotweCe9HIN(1xle(CCIN(18,ll*CCIN(IX'le!))/2.

noldh I. et AP Hac eQ4uut(It)* COLD (Ide l).

00107 u t dis 41ol e !"P Na t e 9HI N( I E l e t t F H A C e dH00 f ( 14 ). .
00109 . . . F i le.

0u109 C .
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(FLECS VER$10N 22.40) 17-J01 82 15:04:38 PAGE 00003

00110 C IT 15 1MPLICITLY ASSUMED THAT A 00NNSTREAM COURANT NUMeEM.

00111 C AT UR NEAR U1 TTY IS EMPL0 FED TH THIS ANALYSI5.

untl2 C .

ount3 C . .

00114 C , CALCULAT!0's UF'3TREAM CAPACITY FUM SAND
n0115 SELECT (SMETH).

00tte ('T'). .

00117 C
THE TUFF ALETI TECHN1UVE M AY NOT et WELL SUITED FOR CHA'NNEL

. . .
n0116 C . . .

CR083 5ELTIUNS =HICH DIFFER MARMEDLV FROM RECTANGULAR.00119 C . . .
00320 C . . .

CALL TDFFAL(ALEN, 05n, G5I, HNAD, UTOTe SLOPEe TEMPR, WOL, V8ET,00121 . . .
00122 1. GSO, G6He GSL, G36, YU, YN, YL). .
09123 ... FIN. .

0012e ('C'). .

00125 CALL CULet(ALEN, C, DELZ, D50, HRAD, NELEMp WTOT, TEHPR,. . .
00126 1. VOLE GSI, FENNUR). .
00127 IF(FERRUM). . .

CALL TUFFAL(A!LM, D50, GSI, HRADe QTOTe SLOPE, TEMPR, VOL, VSET,00128 . . . .
Ont29 1 G$u, GSM, G3L, 638, YU, VM, YL). . .

F F.R404 s . FALSE.0013u . . . .
... FINu0131 . . .

00132 . . .F IN. .

00153 ...FI4.

00134 G31 a 451 * HWIU(NELEM + 11.

00135 C .

00130 C OETER11NE IF DEPOSIIION, SCOU4, ON NEITHER OCCUR 5.

00117 C .

00136 O!F s Gs1 . SRC.

00139 IF (u!P) 50, 100, 150.

00110 C .

ontal C SAND WITHIN THE WATER COLU4N EzCEEDS CAPACITY = DEPOSITION DCCURS.

00142 C .

00143 50 DEPU(1) s =01F/ AREA (!).

0014e RATE a .01F/vdLUME.

00145 ILAip(l) e -t.

90186 '. 00 (mal,NELEN)
'

09147 30(n,1) e Raig. .
vuln e aba4(njeDELZGolge . .

00149 INFdACso.5eud1N(K)*DELf0/vulu. .
00150 E tFN Atal.n=If.FR AC. .

00151 SEOsINFNAceun!N(K)*(CC{N(M,g)(CC{N(Mgg,{})pg,. .
00192 1. + EXFNACeQHOUT(M)*COLO(K,1).

0u151 CnN Tu!NFR ace JH11(4)e(CCIN(4,4)+CCIN(($1,4 } )/2 -
. .

40154 1. + EXFRACeQHOUT(kleCULU(n,4).

0u155 RafEK s HATE e VULM. .
00156 $J(M,4) a RATEK/ SED /vnLMeCoat. .

00137 OEPu(4) e DEP0(e)+SO(kee)/'NEA(1)eVULn., ,

00158 ... FIN.

0u159 REluRm.

00160 C .

NOIHjwG EXCHANGE 300161 C CAPACIIY E"UALS LU40 =
.

60162 C .

00th3 100 RE10dN.

on|hn C .

onths C CAPACI17 15 GkF.AfEW THAN L"AD = SCOUR OCCUNS.
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(F LECS VEdSI0's 22.46) 17-JUN=dt 15104:3M PAGE 00004

| 00166 C .
' 00167 'C .

00168 C DETERMINE WHICH (1F ANY) RED LAYEMS ARE SCOURED.

00169 C .-.

00170 150 THSUSP e DIF * DELTD.

00171 ILAYR(1) s 0.

00172 IF (NBtO.EQ.0) 60 TO 200.

00173 Du (Mal,hBED).

00174 N8 m NBED = n + 1. .
0u175 TDENS a (1,0 . POW) / (H(NS,1)/ DEN 8(1) + B(N8,2)/ DEN 8(2). .
00176 1. + 8the,33/ DEN 8(3)).

00177 DEL'a HDIV. .
'0u17e IF (N8.tQ.NHED) DEL a zYSO. .

00179 TTNMED a TDEfeS * DEL * B(N8,1) * VPCROS. .
Opino wHEN (TRSuSP.GE.TINDED). .
00161 N3 e us + TINhEo. , .

00132 CS a CS + TINHED * 8(N4,4). . .
00143 fRSUSP a TRSUSA TINHED.. . .
00164 TINAED e 0.0. . .
001A5 ILAYR(1) e JLAYR(1) +1. . .
0018h IF(ILAYR(1).E4.NMEn> GO TO 175. . . s
00147 ... FIN. .
00138 ELSE. .
00109 MS e RS + THSUSP. . .
0u190 C8 e L8 + TR8USP e 8(NB.4). . .
00191 TIN 8E0 m TINHED . TRSUSP. . .
90192 GO TO 175. . .
On193 ... FIN ~. .
0019e , ... FIN
00195 175 ScouM(1) e RS / DELT0/ AREA (1).

00196 SCOUR (4) e C8 / DELT0/ AREA (1).

0:1197 ANT (1) s 11NBED / VPCNOS.
'

00199 SR(1) e R$ / DEL 10 / VOLUME.

00199 SR(4) e CS / OELip / V0plitE.

00200 ... FIN
04201 200 RETURN
06202 END

(FLECS VERSIGH 22.46)
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(FLECS VENSION 22.461 17.JUN.42 15104:59 PAGE 00001
|

......................................e.

00001 SueROUTINE SAVEIT('H, BDIV, BEO, ELEve C, DELI, NefD,
00002 1 NELEM, NMEO, RE8ELN, STRESS, NYSD,0LDC, -r

00003 2 ALEN,WHIN,UHOUT,CCIN,GV,AWIDeBWIDeVSET, DENS,DELTO,DFI,
* 00004 3 POR, T8ED) '

00005 C
00006 C THIS ROUTINE WRITES THE SIHULATION RESULTS TO THE RESULT FILE
00007 C (LUN 5) THAY HAS BEEN UPENED Rf SERATRA
00008 C
00009 C FORHAL PA44 PETER 53
J0010 C 8 = MEO CONLENTHATION8
00011 C dDIV = STANDARD BED LAYER THICNNE88
00012 C SEU = BED THICKNESS
00013 C C = MATER CONCENTRATTONS
00014 C DELZ = STAN0ARO ELEMENT THICKNESS
000l4 C ELEV = SEGMLNT ELEVATION (DATUM ELEVATION)
00016 C NBED = NUMetR OF hep LAYERS

*
00011 C NELEM = NUMBER OF ELEMENTS
00014 C NME4 = CURRENT TIME STEP (Ie4)
00019 0 RESELN = WATER SO4 FACE ELEVATION<

00020 C STHESS = SHEA4 8TRE88
00021 C XYSO = THIC4 NESS OF THE TOP. BED LAYER
00022 C

00023 C CALLED HV3 SENATNA.
00024 C
00025 !!JCLUDE 'ELMSIZ.PR H
00026 C
00027 INTEGERea NMEU
u0028 C
00029 OIMENSION R(MAXLEV,MAxCON.1),nAVG(MANLEV), SEL(MAMLEV),
00030 l C(HxELEM,MAxCON), CHASS(NNELEM), CVOLM(MNELEM), -

00031 2 CTOTL(NEELEN), WELEV(MMELEH), D(MMELEM,MANCUN) ,

00032 3 eQHIN(HAELEM),uModT(MAELEM),CCIN(HXELEM,MARCON),
00033 g uVtMAELEM),ANIu(HAELEH),84ID(MxELEM),V8ET(3),
00034 5 DENS (3),WCIN(H4ELEM,HANCON),QCOUT(MNELEM,MARCON),
00035 6 CELAV(MxELEM,MARCON),4VCEL(HtELEM,NA4 CON),

.

00016 7 OLDC(MAELEM,MANCON), DFZ(4), QVDIF(MNELEM,MANCON),
00037 e OTWE0(NAXCON),T8(D(MAACON),8AL(MANCON),DIF(MANCON), -

00036 9 OCELAV(MAXCON), T0fDIF(MANCON)
00039 OATA EPSI/1.0E=30/
0>040 NELMPIs4ELEM+1
0J041 N6EOP1 a NS[D + 1
00012 C

00043 C e ** W ATER CONCE'4TN Ai!ONS *e*
00044 C
00045 Ju NELEM + 1
00046 WRITE (5) NxEQ,J,NHE0eELEY,UELZ,Molv,XYSo, STRESS
00017 REPEAT UNf!L (J .EG. c)
00uvo CMASS(J) e C(J,4) + C(J,5) + C(J,6).

000g9 8ue a C(J,1) + C(J,2) + C(J,3).

00050 dHEN (SU't .GT. 0.0) CVOLM(J) e CHASS(J) / SUM.

00051 LLSL CVOLM(J) = 0.0.

00052 CfuTL(J) e C1A88(J) + C(J,7).

00051 SELECI (J).
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.

00054 (NELEM+1) MELEv(NELEM+1) s NESELN
.

. .
00055 (OTHERWISE) =ELEv(J) e WELEVtJ+1) * DELZ. .
9u056 ... FIN.

; 00057 J=J=1.

00058 ... FIN ,'

00099 Ou(nuteMAXCON)
00060 Du(InteNELEM41) !.

00061 WHEN (n .LE. 3 .OR. K .EQ. 7) D(1,KleC(IeM) |. .
00062 ELSE

~ '' '
*. .

00063 Otten)eo. -. . .
00064 IF (C(I,M*3) .GT. l.0E-lo) D(!eKleC(1,K)/C(lek =3). . .
00045 ... FIN. .
00066 ... FIN.

00067 ... FIN
- 00066 mRITE(5) (hELEV(J),(C(J.K),Kat,MAxCON),CHA88(J),CVOLM(J).

on069 1 CT0tL(J),JohgtEM+g,3,.1)
00070 aWITE(5) ((n(J,K),Mee,6),JeNELEM+1et,=1)
00071 C
00072 C een SEU CONCENTRATIONS see '

00073 C

00074 6ELEV a (NSEDe!) e BDtv + AYSD + ELEV
09075 J e NUED
00076 REPEAT UNIIL (J .EQ. 03
00077 84VGtJ) a M(J,1)*u(J.4) + B(J,2)*8(J,5) + 8(J,3)*S(J,6)~.

00078 SELECT (J).

00079 (NSED) HEL(NPED) e BELEV. . .

90090 (NdEQej) (SEL ( N g E Qe l ) e HELEV e XYSD. .
000Al (uiMEMh!3E) BEL (J) e PEL(J+1) - 30!V. .
uude2 ... FIN. ,

00083 J s J.1.

00064 ... FIN
00085 WRITE (5) (BEL (J),(e(J,M),heleMARCON=1),8AVGtJ)eJsNSED,1,el),

00086 C een ELEMENT MASS AND CONVECIED MASS *ee
00067 00 (Jet,MANCON)
on4A8 OCELAV(J) e0.

000M9 CELAV(NELMPleJiu0.

00090 UCIN(NELMP1,J)e0,

00091 4C001(NELMPI,J)eo.

00002 Out! si,NELEM).

40093 VOLeAWID(!)*DELZaALEh. .
00094 MSsAalD(1)*DELZ. .
U0095 WPX3eAWIut!)aALEN. .
00096 OCMLAN e (OLDC(I,J) + OLDC(!+1,J))/2. .
00u97 CHEANs(C(1,J)+C(1+1,J))/2

. .. .
00098 CELAV(1,J)sv0LeCHtAN. .
noo99 uCINCI,J)eUNIN(I)e(CCIN(1,J)+CCIN(1+1,J))/2.*DELTD. .
00100 WCouT(I,J)m4HouT(I)e0FLTDe(CHEAN+(OLDC(1,J)+0LDC(I+t,J))/2.3/2. .
00101 CELAV(NELHP1,J)sCELAV(NELMP{,J)+CELAV(I,J). .
09192 QC1H(NELMP3.J)s4CIN(NELMP1,J)+WCIH(1,J). .
00103 WC OU T ( NE LMP i , J ) e 4C OU T ( NE LMP 1, J ) + 0 C OU T ( 1, J ). .
00104 OCELAV(J) e UCELAV(J) e UCHEANeVOL. .
00105 nuJ. .
00106 IF(J Gl. 3) MuJ-l. .
0u:07 MHEN (n .EW. 4) W380. .
0010R ELSL nSsVSET(k). .
uol09 nHEN(1 .EN. 1) uVC8THs0V(1)e(C(1,J)+0LDC(leJ))/2. .

B.77
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-2ELSt uYCBTMatuv(!) wSab410(1)*ALEN)e(C(1,J)+0LDC(1,J))/200110 . .

nHEN (1 .EQ. ,4ELEM)00111 . .
uvCinpeQv(NELEM+1)e(C(NELEM+1,J)+0 LUC (MELEMttpJ))/200112 . . .

00113 ... FIN. .

Colle ELSE. .

0n115 uYCinPs(uv(1+1).WSauptp(!+1)eALEN)*(C(1+1eJ)+0LDC(1+1,J))/2 ,. . .
... FIN00116 . .

00117 OvCtL(1,JastuvCBTN=9VCTUPleDELTD
-

. .
uV01F(1,J)e OFZ(E)*0ELT0eAM10(tjeALENenolls . .
(C(I+1,J)=C(1,J)+0 LOC (1+1,J)=0 LOC (1,J))/(2.eDELI)00119 1. .

00820 ... FIN.

00121 ... FIN
00122 v0LUMEsc 0
00123 ou (Jet,NELEM) VOLUMEnv0LuME+4W10(J)e0ELZeALEN
00124 a41TE(5)VOLHME
00125 aH l f E t 5 ) ( ( C E:.4 V (J, M ), k s t , M 4 xCON ) , J sNELMP 1,1, =1 )
00126 4HITE(5)((QCIN(J.M),MaleMaxCON),JsNELMPlate=1)
00127 dNITE(5)(tuc00T(J,n),nel,MAxCON),)eNELHP1,1,=1)
00129 =HITE'5)((QVCEL(Jet),Mut,MAxCON),JeNELEM,1,=1)
00129 % RITE (5)((QvDIF(J,h),MaleMAxCON),JeNELEM,1,=1)
00130 0
00131 00 (Jet,MAXC04)
00132 RAL(J) e uCIN(NELMPI,J)=0COUT(NELMP1,J)+0CELAV(J).

03131 n!F(J) a CELAV(NELMP3,J)=BAL(J).

00134 . . .F I N ,

00115 THalso.
00136 TOlFoo.

- 00137 DO (Joe,MAXCON)
00: 38 Tant e THAL * HAL(J).

00139 TolF a TDIF + DIF(J).

00100 ... FIN
001e1 =HITE(5) (BAL(J), Jet,MAxCON),TBAL
04142 aN11E(5) (DIF(J),Jan,MAxLOM),TDIF
00143 C

00144 C *** HEU SE0!HENT ANU CONTAMINANT (MG, PC)/ELEMENI see
00145 C

00146 u0 (JuleMAxC0k)
00147 DIMED(J) e inEo(J).

00148 ICEO(J) = 0,.

00149 ... FIN
00350 VPxSsHhlD(tje4LEN
00 58 04 (Jet,MAXCON=1)
00152 DD (1st,NbED).

0u153 aMEh (J .LT. e). .
ON91Tvett.0=PuM)/(e(1,1)/ DENS (l)+R(1,2)/ DENS (2)+5(le3)/ DENS (3))00154 . . .

00155 UELaMotv. . . ,

IFt!.Eu. NnEu) DELexv3000156' . . .
nul57 v0Ls0EL*VrtS. , .

00158 LELAVil,J)sH(1,J)*VOL*DNSITY. . .
00159 ... FIN. .

00160 ELSt CEL4v(1,J)sCELAv(1,J-3)*9(1,J). .

onto! T0Eu(J) a farD(J) + CELAV(1,J). .

00ta2 ... FIN.

00161 ...F14
00ln4 hNitE(5) ((CE L A v ( J, M),ns t , M A xCole=1), J sHMED,1,= 1)
00165 00 (Jew,MaxCON=l)
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00166 THED(ManC04) e TBEu(MARCON) + tee 0(J).

00167 ... FIN
00166 kNITE(5) (TEED (J),Jat,MAuc0N)
00169 pp ( J e t , H A M C O't= 1 )

OTHED(J) + DIF(J)00170 10TDIF(J) e IHE0(J) ..,

90171 ... FIN
00172 10lDIP(MARCor) e THED(MARCON) . OTBED(MANC0h) + TOIF
00173 aRITE(5) (TOT 4lF(J),JeleMAACON)
00174 NETURN
00175 ENU,

(FLEL5 VER810H 22.46)
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00001 SUBROUTINE SEDDAT(DECAY, DENS, DFZ, DIAM, DSHR, 050, ECM0, *
00002 1 ERODE, HLDERR, NUMERR, SCSHR, 80N8M, VSET,
00003 2 08048)
00004 C
60005 C THis $UsROUTINE IS NESPuMSI6LE FOR REA0!N8 AND PROCESSIEL (NE
00006 C SEDIMENT CHARACTERISTICS.
00007 C
00008 C FONMAL PANAMETER$3 ,

00009. C DECAY DECAY PARAMETERS.

00010 C DEN 8 SPECIFIC MEIGHT=
*

00011 C 0FZ = VERTICAL DIFFUSION COEFFICIENTS
00012 C OIAM PA4TICLE DIAMETERS=

CRTTICAL SHEAR STRESS WALUE FOR DEPOSITION |00013 C D8HR .

00014 C 050 = HEDIAN SED SEDIMENT DIANETER
I'00015 C ECHO = LINE PRjNTER ECHO CONTROL VARIASLE (Let)
l00016 C EH00E = ER00483LITY

00017 C HLDEAR = HOLOING ANNAV FOR ERROM NUM8ERS (8YIE)
00018 C NUMENN = NUMBER OF INPUT ERR 0NS <

00019 C SC8HR = CRITICAL SHEAR STRESS VALUE FOR SCOUR
0002b C SOR6K = AD80R8 TION VALUE8

*00021 C 030R8 = UE80RPTION VALUES
00022 C V8ET = VERTICAL SETTLING VELOCITIES
n0023 C

~

0u024 C CALLED BYl8ERATRA
00025 C CALLES: PUTERR
00026 C
00027 HYfE HLDERR(1003
00028 C
00029 LOGICALei ECHO
00030 C
00031 OIHENSION DEC AY(6)e0EN8(3),DFZ(4),DI AM(3),08HN(3), ERODE (3),
00032 1 SC8HHt3),30 Hum (9),D50R8(9),V8ET(3) '

0o033 C
00034 C ....PANf!CLE SETILINE VELOCITY (M/8EC)
00035 C

'

00036 C COL. !=10....VSET(l).... SAND SETTLING VELOCITY
0u037 C 11 20....VSET(2).... SILT SETTLING VELOCITY
00038 C 21 3u....VSET(3).... CLAY SETTLING VELOCITY
90039 C
00040 NEA0(1,1) (V8ET(I),1st,3)

. 00041 IF(ECHO)
00042 aRITE(6,2).

00043 WRITE (6,12) (VSET(I),Is!,5).

00044 ... FIN
00045 C
0004A C .... DENSITY (MG/ Hee 3)

- 00047 C
0004M C COL. 1=to.... DENS (l)... 0ENSTTY OF SAND
00049 C ll=20... 0EN$t2)... 0EN81TY OF SILT
00050 C 21 10... 0 ENS (3)....nENSITY OF CLAY
00051 C
0u052 NEAn(1,1) (DENS (I),Ist,5) '

00053 IF(ECH0)

B.80
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000$4 WRITE (6,3).

00055 4 RITE (6,12) (DEh5(1), Int,3).

00056 ... FIN
00057 IF(DEN 8(1) .LC. 0.0) CALL PUTERR(17,NUMERR,HLDERR)
00058 IF(DEN 8(2) .LE. 0.0) CALL PUTERR(18,NUMENR,HLDENR)

|00059 IF(DEN 8(3) .LE. 0.0) CALL PUTEhM(19,NUMENRpHLDERR)
1on060 C

00061 C ... 0!AMETEN (METERS)
00062 C
00063 C COL. 1-10... 01AM(1).... DIAMETER OF SAND
00064 C 11-20... 0 LAM (2).... DIAMETER OF 81LT
nuo65 C 21 30... 01AM(3)... 01AMETER OF CLAY
00066 C 31-ad... 050........ME01AN SED SE0! MENT DIAMETER
00067 C
00068 NEAo(1,1) (014M(!),Ist,3),050
00069 IF(ECHU)
00070 MRITE(6,4).

00071 * RITE (6,12) (0!AM(1),Im!,3).

00072 uMITE(6,13) 050.

00073 ...FlN
00074 15(0!AM(1) .LE. 0.0) CALL PUTERR(20,NUMERN,HLDERR)
n0075 IF(DIAM (2) .LE. 0.0) CALL PUTERR(21,NUMENR,HLDERR)
00076 IFC0!AM(3) .LE. 0.9) CALL PUTERR(22,NUMERRehLDERR)
00077 C
00078 C .... CRITICAL SHEAR STRESS FOR SCOUR (KG/ Meet)
00079 C
00080 C CUL. 1-10....Sc8HR(t).... CRITICAL 8 HEAR STRESS FOR SAND
00061 C !!=20... 8C8HR(2).... CRITICAL SHEAN STRES8 FON SILT

,

Onon2 C 21 30... 3C8HHt3).... CRITICAL SMEAR STNESS FOR CLAY
000M3 C

*

10084 NEAD(1,1) (SCSMR(I),Is!,3)
00085 IF(ECHQ)

,

00986 mRITE(6,5). .

00087 = RITE (6,12) (8CSHR(Iletel,3).

00088 ... FIN
00099 IF (SC8HR(1) .LE. 0.0) CALL PUTERR(26,NUMERReHLDERN)
00090 IF(SCSHR(2) .LE. 0.0) CALL PUTENH(27,NUMERR,HL0tRN)
00091 IF(SC$NH(3) .LE. 0.0) CALL PUTERR(25,NUMENR,HLUERR)
00092 C
00093 C .... CRITICAL SHEAR STNESS FOR DEPOSITION (NG/Ma*2)
on094 C
00095 C LOL. 1=to....DSNR(1)....CNITICAL SHEAR STRESS FOR GAND
00096 C 11 20....DSHN(2)....CNITICAL SHEAN STRESS FON SILT00097 C 21-30... 0$Nd(3)....CHITICAL SNEAR SThE85 F0H CLAY00096 C
On099 kEAD(1,1) (nSHR(I),Inte3)
00100 IF(ECHO)
00101 =HilEf6,6).

00102 WRITE (0,12) (OSHN(I)elste3).

00103 ... FIN
00104 IF(OSMH(1) .LE. 0.0) CALL POTERp(29,NukENW,HLDENR)
0n105 IF(08HR(2) .LE. 0.0) CALL PuiERR(10,NOMLR4,HLDENA)
00106 t>(OSHd(3) .LE. 0.01 C ALL PHTENW(31.NOVE Nd,HLDENR)
00101 C
00108 C ....Euov&HILITY ( M G /t' * * 2/ S E C )
00109 C

l

4

1
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00110 C COL. l=10....ENUoE(1)....ERODAMIL11Y OF SAND
Il-20....Ed00E(2)....ENouAe!LITY OF slLTcolli C -

00112 C 21-30. . . .EttohE ( 3) . . . .ER00 ADIL I T Y OF CL AY
00113 C
00114 NEA0(1,1) (ENOUE(lletal,3)

s00115 IF(ECHO)
00116 N411E(6,7).

0011,7 dRitt(6 12) (EH0DE(1), tele 3).

00118 ...Flh
00119 IF(EHout(l) .LE. 0.0) CALL PUTEHRt32,NUMERR,HLDERM)
00120 IF(EN00E(2) .LE. 0.0) CALL PUTENH(3),NUME*R,HLDERN)
U0121 IF (T h00E(3) .lE. 0.0) CALL PulEWH(34,NUMERR,MLDERR)

'

0o122 C

0u123 C .... VERTICAL DIFFuSIUN COEFFICIENTS (Mee2/SEC)
00l24 C

00125 C COL. i=to... 0FZ(1).... COEFFICIENT FUR SAND
.00126 C ll=20....DFZ(2)....CnEFFICIENT FON SILT

00127 C 21 30. .. 0FZ(3) ... .COEFF ICIEN T F OR CL A Y
00128 C 31 4U... 0FZ(e)....CnEFFICIENT FOR D1880LVED CONTAMINANT
00129 C

00130 NFAu(1,1) (nF2(!) let,a)
00131 IF(ECHQ)
00132 wal1E(6,9).

09133 WR11F(6.12) (DFt(I),let,3).

00134 > RITE (e,14) nFZ(4).

00135 ... FIN
00136 0
00137 C ....ADSONMTION VALUES (2 CAROS)
00134 L
on139 C CAND $$
00140 C COL. l=10... 80nHnti)....nD VALUE WITH SAND (Mee3/MG)
00141 C ll=20... 6ukun(2)....nD VALut p!TH SILT (Mee3/MG)
00142 C 21-30... 80HRn(3)....nD VALUE n!TH CLAY (Mee3/MG)
00143 C 3 5-40... 8HkH4(4)....SUSPENDE D S AhD M A38 TM ANSFEN RATE (1/3
00144 C 41-50... 80H4M(5)....SuSPENDEO SILT MA88 TRANSFER RATE (1/3
09145 C bl=60... 30 hun (6)... 8HSPENDED CL AY MA8S TR AN8FER HATE (t/8
00146 C 6t=70... 50NMn(7)....eED SAND MAS $ TRANSFEH RATE (1/SEC)
00147 C Fl=80... 30Ren(8)....BE0 $1L1 MASS TRAN8FER RATE (1/8EC)
00149 C CARD #2
00149 C COL. t =10. . . .SOHen(9) . ...UED CL A Y M AS S TR ANSF EN RAIE (1/8EC) .

0a150 C

00151 HLAD(let) (50dd4(1),Isl 9s
00152 C
0H153 C ....of$URPTION VALUES (2 CAROS)
0015S C

00155 C CAWn el
0015e L COL. lato... 0594R(1)....MO VALUE niiH $4ND (Mee3/MG)
00151 C l l = 2 0. . . . L' 5 0 M H ( 2 ) . . . . n D VALUE WITH $1Li (Hee 3/MG)
0d158 C 21 30... 0504a(3)....no VALUE alfH CLAY (Mee3/MG)
00150 C 31-10. . . .u s uw 0 ( 4 ) . . . . s oSP E dDF.D $4ND MASS INANSFEH RAIE (t/5
upl60 C e l =50. . . 03040 (51. . . .SuSPE MDE O $1L T M A SS INANSPEp NATE (1/3
00161 C St=40....D5udhts),...SuSPENut0 CLAY MASS TNANSPER HATE (t/5
00162 C 61-70....D3'nd(7)....dt0 SAND HASE TdANSFE4 NATE (1/SEC)
00161 C 7 t =M O. . . 0bedr'( 6 ) . . . 6E 0 SILI M453 TRAoSFEH HATE (1/SEC)
6016u C LanO s2
00165 C CHL. l=to... 0Sd40(9)....dEu CLAf NASS INAMSFEN HAVE (1/stL)

|
|
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00166 C

00167 ktAh(1,1) (030NHt!),Ist,9)
on169 IF(ECHO)
00169 aRITE(6,9).

U4170 dRIIC(6,12) (SupBK(I),Ist,5) *
.

oul71 ahliE(6,15) (8080A(1)else 9). e

00172 = RITE (6,16).

00373 WHITE (6,12) (OSUNB(1),Ist,5).
*0017e nNITE(6,15) (OSON9(I),Isa,9).

00175 ... FIN
00176 C
00177 C ... 0ECAY PARAPETENS (2 CAROS)
4017M C
00179 C C640 81
0 01 A o' C Cut. l=10... 0ECAY(1),... RAD 10NUCLIDE DECAY (1/SEC)
00161 C ll=20....DECAYt2)... 10TAL OCCAY. SUM OF ALL WECAY ExCEPT
00la2 C FOR RA010NUCLIDE DECAY. IP EIVEN, THE
Unte3 C RENAINING PARAMETERS AME NOT TO BE
00164 C suprLIED. PESTICIDE ONLY (1/SEC)
00lH5 C dl=30....DECAYth)....v0LAT12ATION DEGRADATION RATE.
00lA6 C PESTICIDE ONLY (1/SEC).

00167 C 31 40....PH......... 0EGREE OF ACID 11Y OF ALKALINITY
00169 C 41-50....AMA.........sECnNu ORDEA ACID RATE CONSTANT
00lH9 C

, FON HVDdOLYSIS
00190 C Sl=6n....AwH.........SECONU UNDEN SASE NATE CONSTANT

- 00191 C FnN HYDNOLYg!$
'

on192 C 61 - 7 0 . . . . A n h . . . . . . . . . S t. C O N D OdOEN NATE CONSTANT OF NEUTHOL
40193 C REACTION =ITH 4ATER
00194 C Fl=80....Amor........SECONO ORDER NATE CONSTANT OF FREE
0u145 C NADICAL OXYGEN FOR OXIDAll0N
culvh C CadD 82
00197 C COL lato....N02.........CnNCENTHATION OF PREE RADICAL OXYGEN
00194 C ll=20....Amblu.......SEC040 040EH MATE CONSTANT
00199 C 810 DEGRADATION
on204 C 21 30....uluMAS..... 810MA38 PER UNjf VOLUME
0 0 / fi t C
00202 REAP (1,1) DEC 4Y t t ),0EC AY(2),DEC AY(4),PH, AM A AMD, AMN, AN0*,R02,
0o203 1 A M B IO, H ! ui4 A S

,

00204 ou (Is3,5) DECAv(I) s 0.0
00205 .a H t N (DECAY (2) .NE. 0.0)
v020e IF(ECHU) wdllE(6,10).0FCAY(1),0ECAYt2).

. 002n7 . . . F l 'a
00200 ELSF 1

calo9 C *** Co.1PU lt l OLLAY(3) = CHEMICAL DFGRADAT10N OUE TO NYONULYSIS
'

.

CHfMICAL DLW4ADAtlON UUE TO DX1DATION00210 C DEC4Y(4) =
.

HIHotGWADAf!ON ete .00211 C DECAY (5) =
.

00212 DECAV(3) m IU. nee (PH-14.0)eAaB + 10.044(=PH)eAMA + ARN.

00213 DECAvt4) s AMon * N02.

on21e nECAvt%) s Anolo e nI0848,

Ou21% IF(LCHO) |.

00216 aR11E(6,ll) BEL AY(li,PH AM A, AMO, AMN,0EC4Y(3), AROX,R02,pEC AY(4), 1. .

00217 1 AMH14,dlOMAS,DLCAY(5),UEC4Y(6) |.
10021M . . . F i ta.

00219 ... FIN
0027a C

00221 HtIDHN
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00222 C
00223 1 FORMAT (SF10.0) -

00224 2 FORMAT (lHO,13X,ePARTICLE SETTLING VELOCITf (H/8EC)') ,

00225 3 FOR9AT(1HO,13x,' DENSITY (MG/ Hee 3)')
00226 4 FONMAT(1H0,13xp eDIAMETER (PETERS)')
00227 5 FUNNAT(lHO,13X,'CN!TICAL SHE AR STRESS FOR SCOUR (MG/ Meet)')
00228 6 FORMAT (lHO,13X,eCRITICAL SHEAR STRESS FOR DEPOSIT!DN IMS/ Nee 23')
00229 7 FORMAT (IMO,13x,'E800481LITT (MG/M**2/SEC)')

'

00230 4 FORMAT (1Ho,13X,'VENTICAL DIFFURION COEFFICIENTS (Me*2/SEC)')
00231 9 FORMAT (INO,13X,eA080RPT10N K0 VALUE88)
00232 10 FORMAT (1HO,13X,' DECAY PARAMETEN8'/
00233 1 14X,1PE12.5,8...RADIONUCLIDE DECAY (t/SEC)'/ '

(1/8EC)')00234 2 14X,1PE12.5,'... TOTAL DECaf (EXCEPT RADIONUCLDE) =

00235 11 FONNAT(tH0,13X,'OECAY PARAMETER 88/
00236 1 14X,'1PE12.5,8...NA010NUCLIDE DECAV (1/8Eclef
00237 2 14X,lPE12.5,'...PN = DEOREE OF ACIDITY OR ALMALINITY (PH)'/.
00238 3 14X,lPE12.5,'.. 8EC040 ORDER ACID RATE CONSTANT FOR HYDROLV818'
00239 4 8 (AKA)'/
00240 5 14xelPE12.5,'.6.8ECOND ORDER BASE NATE CONSTANT FOR HYDROLf8IS'
00241 6 e (Agg}ef
00242 ' 7 14X,jPE12.5,8...SEC0hD ORDER RATE CONSTANT OF NEUTROL REACT 10N'

,

002a3 e ' WITH WATER (ANN)'/
00244 9 14Xe lPE12.5,'...CNEMIC AL DEGR AD ATION OUE TO HTDROLY81s e /
00245 t 14X,1PE12.5,'.. 8 ECONO ORDER RATE CONSTANT OF FREE RADICAL 8
002e6 2 OXVGEN (ANOx)'/
002a7 3 ggx,1PE12.5,'... CONCENTRATION OF FREE RADICAL OXYGEN (R023'/
00248 4 14xetPE12;5,8... CHEMICAL DEGRADATION DUE TO 0x!DAf!UN'/ '
00249 5 14X,1PE12.5,'.. 8EC0hD ORDER RATE CONSTANT F0d eIODtGRADATION8
00250 6 8 (AM8IO)'/

~

00251 7 14X,1PE12,$,8...pIONA38 PER UNIT VOLUME (810 MAS)'/
0u252 6 14XelPE12.5,'...HIoJEGRADATION'/
00253 9 14X,1PE12.5,'... VOLATILIZATION')
00254 12 FONMAf(142,1PE12.5,'...SANQ'/
00255 1 14XelFE12.5,'... SILT'/
00256 2 14X,1PE12.5,'... CLAY')
00297 13 70HNA1(14x,tPE12.5,'... MEDIAN DED SEDINENT DIAMETER')
00258 14 IONNAT(14X,1PE12.5,'... DIS 80LVE0 CONTAMINANT')
00259 15 FORMAT (!No,13x,'MA$5 TH&NSFER RATES (1/SEC)'/
00260 t 14x,1PE12.5,'...SOSPENDED SAND'/
002h1 2 14X,1PE12.5,'...SuSPENDEO SILT 8/
00262 3 14X,1PEI2.5,'...SUSPENDEO CLAY'/
00263 4 14X,1PE12.5,'... SAND ATTACHE 0 To THE GE08/
00244 5 143,lPE12.5,'... SILT ATTACHED TO THE DE08/
00265 6

f0NMAT(1Hu,13x,'... CLAY ATTACnt0 TO
14X,lPE12.5, THE BED 8)

00266 16 '0E80NPT10N ND VALUE3')
0026T C
00266 ENO
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00001 SudROUTINE SEDINE(ABAR, ALEN, CCIN, DELTD, I, J, NELEM,
00002 1 GHIN, GHOUT, GV, 80, OR, ALFA, SETA, VELt,00003 2 WEL2, vaET, DELZ, 8=10, AWID, DEPTH,00004 3 RETAl, BETA 2)
0000% C
08006 C IHIS HouTINE CALCULATES COEFFICIENTS OF CONVECTION, 0!PPUSION,00007 C

DECAf AND ShuRCE TEWH8 IN TMC SEDIMENT TRANSPORT CONVECTION00006 C = DIFFUSION E4UATION
00009 C

.00010 C INPUT PARAMETERS:
00011 C ARAR AVERAGE AREA=

00012 C CCIN CONCENTWATION OF INFLOW=
00013 C DELTD TIME STEP IN DAYS=
00014 C DEPTH DEPTH OF RIVER SEGHENT=

00015 C I ELEMENT INDEX=
00016 C J PARAMETER INDEN=

00017 C NELEM NUMdER OF ELEMENTS=
06018 C GHIN INFLO4 Of8 CHARGE=
00019 C WHOUT OUTFLod DISCHARGE=

u0420 C WV = VERTICAL DISCHARGE '
00021 C SD SEDIMENT DEPOSITION RATE, (K9/Mee3/ DAY)=

08022 C BR = SEDIMENT EROSION NATE, (MG/ Men 3/0AY)
ono23 C OUTPUT PANAMETER88
Onnie C ALFA = DECAY TERM, (1/DAV)
00c25 C BETA = SOURCE ON SINE TERM, (NG/Mee3/0AY)08026 C dETAt = INFLUENT SOURCE TERN FJR THE'I=TH NODE, (MG/ Men 3/DAV)0002T C BETA 2 = INFLUENT SOURCE TERM FOR THE 191=TH NopF, (MG/ Nee 3/000028 C VELt = FIRSI CONVECTIVE TENM, (H/DAT) -

00029 C VEL 2 = SECOND CONVECT!vt TEMM, (M/ DAY)
00030 C
0o031 C CALLED MY TRA48P.
00032 C
00033 INCLUDE ' ELM 81Z.PN98
00034 C
00035 DIMEN810N ABAN(MEELEM), AREA (HXELEM), CCIN(MMELEM,HAXCON),00036 1 GHIN(axELEM), GMOUT(MXELEM), QV(MNELEN), SD(MIELEN,6),00037 2 SR(6), v8tT(3), Sw!D(MXELEM3e AMID(MNELEM)00038 C
00039 C

CONVECTIVE IERM NtTH CORNFCTION FOR A CONTINUOUS 8ETTLING FLUX00040 C
000e1 AU e uV(I)
000a2 VELis(Au.v8ET(J3eralD(TiaALEN)/AHAR(!)00043 C
00044 au a ov(I+1)
00045 VEL 2s(Au.v5ET(J)eaktp(1+tleALEN)/AuAN(I)00046 C
0004T C DECAV TERN
00048 C
00049 ALFA a 4HUUT(1) / (464R(I) e DEL 2)00050 C
00051 C SouMCE UN SINK TEHM
00052 C
0n053 betas 5H(J) . iD(I,J)
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00054 HETAleGNIN(1)/(ARA 4t!)e0EL21e(CCIN(1,J)/3.tCCIN(I+1eJa/4.)
00055 8E T A 289NI'*(II /( AS Ad(IleDEL Zie (CCIN(I,J)/6.+CCIN(I* l,J)/ 3.)
00054 WEfURN
00057 ENO
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........................................

00001 C 1106,llSERAIN4eFLN
| 00002 Cee***eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseen
l 00043 C bERSIONI DRIED CHANNEL OPTION

00004 C w!TH SELECiluh F04 IMPLICIT SETTLING VELOCITY SCHEME
u0005 C UR SuPENPUSill0N OF SETTLING VELOCITY SCHEME
00006 C e e e e e e e e e e e e e e e e e e e e ~e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e )00007 C
0u008 C

|00009 C THIS COMPUTER PMUGHAH, SERATRA, IS AN UN8TE407, Two. '

00010 C DINLNSIONAL (LONGITUDINAL AND VERTICAL) H0 DEL To s!HULATE
00011 C SEDIMENT.CONTAMINAbi THANSPORT IN MlVENS AND RIVER.MUN
04012 C RESENVulRS.
00013 C
00014 C THE N00EL HA8 GENERAL CONVECTION.DIF7USION E9UATIONS
00015 C allH ULC4Y ANO SINK /SUUNCE TENMS MlfH APPMUPRIAIE NOUNDARY
00016 C CUND1110NS.
00017 C
00018 C SERATHA UTILIFE8 THE FINITE ELEMENT CUMPUTATION HETH00 WITH
00019 C IHE GALERMIN *EIGHTED HE3100AL TECHNIQUE.
00020 C
00021 C IME FULLowlNG HEPO4TS DESCHIBE SENATEA MODEL FORNULATION, USEH'8
00022 C MANUAL AND SOME MODEL RE80LTSB
00023 C

00124 Coe
00025 C 1 ONISM1,Y.,P.A.JUHANSON,R,G.04CA,ANDE,L,HILTY.1976
00026 C " STUDIES OF COLUMMIA river WATEN QUALITY =. DEVELOPMENT OP
00027 C MAlkEMA11 CAL M00EL8 F0H SEDinENT AND NADIONUCLIDE TRANSPORT
00029 C ANALYSIS." SNwL.B.a52. NATTELLE, PACIFIC NDHTHnEST
09029 C LAs0RAToRIEa, RICMLAND, nA.
0u030 Cao
00011 C 2 0%ISH1,Y. 1977. "F1411E ELEMENT MODELS FOR SEDIMENT AND CONTAMINANT
00032 C THANSPONT IN SURFALE MATERS..fRANSPORT OF SE0lHENT AND NADIONUCLIVES
00o11 C IN IHE CLINCH HIVER.* eHwL.2227. HATTELLE, PACIFlc NORTHnEST
00034 C LA80RATORIE8, RICHLAND, MA.
00015 Ces
00036 C 3 Uh!SHI,f. 1977. 'HATHEMATICAL SlHULATION OF SEDlHENT AND NAD10
De $1T C NUCL10E TRANSPONT IN THE COLUMala H!vER." BN=L.2228. BATTELLEe
00018 C PACIFIC NOMIHkEST LABORATORIES, h!CMLAND, WA.
00019 Coe
00010 CA 0%13H1,Y., D.L. 8CHWE18EH AND R.B. C00 ELL. 19T9 'HATHEMATICAL
00041 C SlHULATION UF SEDIMENT AND HA0!ONUCLIQL THANSPUNT IN THE CLINCH
90042 C river, TENNESSEE * PROCEEDINGS OF ACS/C8J CHEMICAL CONP.RESS,
000a3 C HONOLULU, M4 Wall, APdll l*6, 19T9 'CONIAMINANT5 AND SEU! MENT 8",
00044 C P.A. maned (ED.), ANN AWd0d SCIENCE PUHLISHENS, INC., ANN ARSON, MI,
00045 Coe
000u6 C 5 Od!SH1,Y., 8.M. BNOh4, A.R. OLSEN, H.A. PARMHURST. S.E. dlSE, AND
00047 C n.M. WalitHS. 1979 **ETH000 LOGY F04 OVEHLAND 4'40 INSTHEAM MIG 4AslON
Oo04M C AND RISm AS5ESSFENT OF PESf!CIDESs' HATTLLLE, PACIFIC NDHTHdEST .

00049 C L AhDH A f 0HIL3, RILNLAND, aA.
0005o Ces
00051 C 6 OdlSHI,f. AND 8.E. dlSE. 1979 'MATHLMAllCAL M00EL, SLRAIRA, FOR
000$2 C SEDINCHT AND C041&HINAdi IRANSPONI IH dl%Eh3 AHO 31$ APPLICATION fu
0u053 ( Pt$flCluE THAA5PONI IN f0VR MILE eHO *0LF CHELMS th 20aA.* BAITELLE,

B.87
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00054 C PACIFIC NDHlh4Esf LAWORATORIEBe RICHLAND, MA,
00055 Cee
00056 C F ON18HI,Y. AND 3.E. h!$E, 1979, 'USERi$ MANUAL FOR THE INSTREAM
00057 C St olMENf eCONI AWINANT TR ANSPost n00EL, SEN ATM A.e SATTELLE, P ACIFIC
00058 C NORTHatsf LA30R4 TORIES, RICHLANO, WA.
00059 C

i 00060 C
00061 C CALLAS #EDUAfe COLAPte 01404f, FCODE, NYD0Afe NYDFLU, ICFL0e INIDAT,
00062 C #09FLO, MPTENN, S AVEIT, SteO AT, OT ATUP, TRANSP, TRe04f e
00063 C INdFLo, OPsDaf, aTN047, PHOIMP
00004 C
00045 INCLUDE ' ELM 8]IaPame

| 00046 C

| 00067 avit FNAME t#9).HAst(S),P f vPE(3)e0EV(3)e8UIC(3),UUIC(3),
000tM i MLOENR(100)eN0d($)
00069 C
00070 LuGICAL*1 (CMG,4N4LfteNENTNe,NENIC,FERROR,NENGleRIVERe

1 00078 1 ECHO t e EC H03 e t C H09 e t C H05 e E C H06 e t CH07, E CH0s , ECM09, E CH010,

| 00072 2 SAVECH
| 00073 C
! 00074 INTEGERet DUTFLn tMe0PTe

| 00015 C
'

| 00076 INTEGENe4 ETlHEeENDHV0etNDIC,ENDIR0e8IMLENe0UM2,
00077 i NetEPseNNE0eNPRSI,0UMleNSPeBECTR,JULBEC
00078 C
00079 C
00080 UIMENSION AWID(MNELEM), CLAST(MNELEM,NANCON), Cf Re(MNELEM,M ANCON),

i 0006l i P I G A V G t H R E L'E M) , E LH V OL ( M N ELE M ) ,

|
000P2 20 a WG t M at LE H), C T N in (M a tC ON) .PCOEF ( 4 ) e C N00E (M NELE M, h A RCON)

i 000a1 3 EL(MNELEM), asAREA(MutLEM), ed!U(MNELEM), TMA98(MAFCOM),
00064 A lELM(MNELEM),U410(HNELEM),UEL(MNELEM), AS AR(MkELEM),Pul0(MNELEH),
00085 5 PRSAR(MNELEM), OLOC(MNELEM,MANCON), CDUMMV(MNELEM),
00086 6 Toto (M4 ACON), J8 EGIS), 84WECH(10)
00087 0
00086 INCLUDE 'IRANS. CON'
000A9 C
00090 DATA SEC0AV/06400./
00091 OATA SECYM /31536000/
00092 04fA ECH0/. FALSE./
00093 UAIA PEddOR/. FALSE./
00094 DalA ltNU/l.0 Eel 0/
u0095 041A SAVECH/. FALSE.e. FALSE.e. FALSE.,.PALSE.,, FALSE.e FALSE.,. FALSE

| 00096 l...PALSE.p. FALSE.e.PALSE./
00097 C
00098 Isist
couv9 182eo
colne CALL STNfuP(545E, utV, ECHoe FNAME, fiVPE, GUIC, INFLU, ISINIe
00401 1 NFMGfe UUffLO, SMETHe UUIC, 84WECH, JtEG,
onlU 8 2 NS T EPS, 88EGe l f PN i e 4N AL V 8,0ELill,4N ALNi e 0EPMIN, $ l 4LE N,
colo) 3 PELtV)
00lne L
n0105 C ese NEAD INPUT HAla FON SEGINNING 3EGHENT ese
00lne NUMENN eo
0n507 C

00149 C IHis 18 IHL NL5fAhl OPfl0N.
00108 C

B.88

______ _ _ __ _ _ __ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



i

!

l

!

(FLECS VERSION 22.46) 1T=JUN=e2 15806104 PAGE 80803

00110 mMEN(ISTNT.NE.1)DELTDeUELTH/8ECDAY
00111 C

I 00112 ELSE
| 00!!3 CALL INIDAT(ANALMT, ANALYS, DELTH, ECHO, MLDERR, 11PRT,.

00114 1. wSEs, NOTEPS, NUMERR, SIMLEN, DEPMIN)
00115 DELTUeDELTH/8ECDAY.

00116 IF(ECHO).

00111 CALL TIME (N0n). .
00118 mRITE(6,3) ISTRT, NOM. .
00119 ... FIN.

0u120 CALL DIN 0AT(ALEN, AREA, SDIV, eEO, DLISAV, ECHO, ELEV, MLDERR,.

00121 1 ISTNT, NMEO, NELEM: NUMERR, PELEY, POR, RIVER,
00122 2. xYSU, EL)
00123 CALL SEDDATLDECAY, DENS, DF2, DIAM, DSHR, DSO, ECHO, ERODE,.

00124 1 MLDERR, NUMERR, SC8HR, 80R8k, veET, Deone)
00125 CALL PN0!hP(ECHO,JULIAN,MAY1,MAY2,PCOEP).

Ont26 CALL BEDDAT(8, ECHO, N6ED, AREA,80!V, DENS,POR,XYSO,TSED).

00127 C .

0014b C READS INITI AL CONDITIO18 FOR SEDIMENT AND CUNTAMINANT.

00129 C
'

.

00130 CALL NTRDAT(C, ECHO, NELEM).

00131 C .

00132 C PEADS UPSTREAM BOUNDARY CONDITIONS FDR FIRST SESMENT.

00133 C .

00134 CALL UPSDAT(ECHO, NLDERRe NUMERN, SIMLEN, UNID, UEL).

00135 CALL INBDAT(ECHO, MLDERR, NELEM, NTRISS, NUMERR,.

00136 1. SIMLEN, TRROPT)
00137 CALL HTDDAT(ALEN, AREAe DELTH, DELI, DSS, ECHO, MLDERR, N8ETS,.

00138 1 NUMERR, SIMLfM,DEPHIN, DLISAV, EL)
00139 C .

00140 IF (NUMERR .GT. 6).

00141 CALL RPTERR(NUMERR, NLGERR, FERROR). .
00142 IF (FERR04) REPORT = FATAL.ERH0R=aND=ITOP. .
00143 ... FIN'.

00144 C .

00145 ... FIN
00146 C
00147 IF (ANALYS)
Ontes OPEN(UNITES,NANEel8VtTIM8EMIES.DAT'eTYPfe8NEN8,. '

00849 8 FUMMe'UNFUNNATTED')
00150 ... FIN
00151 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene
00152 C 8EGMENT LUDP e
00153 Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen

,

00154 00 (18EGel8TRT,NSEG) '

00155 CALL DIAG (ECH02, ECH03, ECH04, ECHOS, ECH06, ECHu7, ECHus, I.

00156 1 ECHu9, ECH010, 18EG, J8EG, 8AVECH) '

00157 3 FONMAT( 918,100 g, o ggGHEN T NO, s ,1),1 X,6 41).

00156 RE8ET=0ATA= TINE =CONIROLS.

00159 CAVGMue0.0.

00160 JUL8EC e JULIA4 e SEC0Ay.

00161 C .

00162 UNLESS (18E G .Ed. 1).

00163 IF (ECHU). .
not68 CALL TlHF.(dod). . .
00165 MRITE (6,3) ISEG,Nnd. . .

|
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... FIN00166 . .
00167 FEH40R a .FAL8E.. .
0016e NUMERR s 0. .
00169 CALL DIMDAT(ALEN, AREA, Ho!Ve MED, DL284V, ECHO, ELEV, NLDER4,. .
00170 1. ISEU, NBED, NELEH, NUMERR, PELEV, PURE RIVEN,.

00171 2 XYSO, EL).

00172 CALL grnuAT(DECAY, DENS, DFZ, DIAN, DSHR, 050, ECHO, ERUDE,. .
40173 1. HLDERN, NIAMEHR, SCsHR, BORen, VSET, 080NG)

.

00174 CALL MEnDAT(n, ECHO, NeEO,4RE4,8DIV.DENO,POR,Mf80,T8EO). .
00175 C . .
00176 C RE ADS INI TI AL CONDITIONS FOR SEDIMENT AND CONT AMINANT. .
00177 C . .
00178 CALL NTNDAT(C, ECHO, NELEH). .
00179 CALL TRRDAT(ECHu, HLDENR, NELEH, NTRIBS, NUMERR,. .
00tno 1. SIMLEN, TRdOPT).

00181 CALL HinDAT(ALEN, ANEA, DELTHe DELZ, D50, ECHO, HLDERR, NSETB.. .
40162 1. *UMERR, 81HLEN, OEPMIN, DLZIAV,'EL).

00163 C . .
'

IF (NUMFR4 .GT. 0)0016e . .
00l85 CALL RPTEhR(NU1 ERR, HLDEMA, FENRUH). . .
00166 IF (FENNON) NEPORT= FATAL = ERR 0N=AND=8 TOP. . .
00187 ... PIN. .
00199 ... FIN.

00199 NE8ELNoELEvtBE0.

00190 C .

00191 C ese NEAD THE HYDdOLOGICAL DalA ese.

40192 RE40(e) DUMI,hELEH,DELZ,01,40,VULeVEL,Ah!D,AREAeTEMPRe sOAREAelELM,.

04193 1 UEP!H,dNID,AuAd,HRAD, CHUSEC
on19e REnINo e.

00195 C .

00196 C PhuCESSING OF Ih!TIAL DATA.

00197 C .

00194 IF (NELEM .GT. 0).

00109 Dd (Mal,MAxcum). .
00200 C ene mELEM VALUES OF CLAsl MunT BE C ALUCLATED F80M NELEMtl. . .
00201 C v4LUE6 UF C ese. . .
00/02 IF (m .LE. 3 .OR. M .EQ. 7). . .
00203 C . . . .
00204 C PROVIDES A CONS!$1ENT INITI A( CPNDif!04 FON THE DELZ DEFINED. . . .
00#0% C IN HVo0AT = SolH NonAL VALUE8 LCNUDEsC), AND ELEMENI. . . .
002n6 C AvENAr,Es (CLAsteCULD). . . .
00207 C . . . .
00206 CALL LOLLAP(ALEN,ANEA,C, DEL 2,EL,IELN,M,NELEM,CLA8TeTHA55,4nID,. . . .
00209 1. VMET,uFZ,CNopE,xs4HEA). . .
00210 ... FIN. . .
00211 ...r!N. .
onll2 C . . .

0021) C DIAGNO311C WN!!t8. .
00218 C . .
0021% IF (EchoS). .
00216 gRITE(o,lSp0). . .
n0217 dAITE(9,1510). . .
0021e nNITE(6,152J) (l e ARL A (I),EL( 3 ), A8 AR(1), AM10(1),0wlu(!),. . .
00219 1. r8aNEat!),THass(g), leg,NELgnet). .
00220 aNITL(6,153n). . .
04221 aNITE(a,lS20) (1.(C(1,J), Jet,HaxtuN),Ist,HMELEm). . .

l
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| 00222 WR11E(6,1540). . .
| 00223 aRITE(e,1520) (1,(CN0DE(IeJ), Jet,NAXCON),Is!,NELEN+1). . .

09224 MRITE(6,1550). . .
0J225 ARITE(6,1520) (I,(CLAST(1,J),Jul,HAXCON),IsleNELEM). . .
0o226 1500 FORMAT (80!MMEDIATELY FULLONING COLLAP, THE INITIAL CONDIT10N')'' I. . .
00227 1510 F0HNAT('0 ELEMENT /N00E',54,'ANEA',10X,'EL8,12X,8ASAN',. . .
00226 1. 11x,*Awlo 11x,sango',10X,'X5 AREA',10X,'TMAS$')

F ne M A T ( 2 4,15,3 x,' ,1 P7 E 15. 0 )
. .

00229 1520 1

!. . .
00230 1530 FORMAT ('nN00AL CONCENTHATIONS PRIOR 10 COLLAP'). . .
00231 15a0 FORnAT('0%00AL CONCENTdATIONS FOLLON!NG COLLAP') !. . .
00242 1550 FORMAT ('0 ELEMENT AVENAGE CONCENTRATION FOLLos!NG COLLAP'). . .
00233 ... FIN 1. .
00234 GU (Iste4ELEM)r. .
00255 no (Jet,HAECUN). . .
00236 COLo(i,J)sCLAST(leJ). . . .
0023T C(I4J)sCN00E(1,J). . . .
00235 ... FIN. . .
00239 ... FIN. .
00240 00 (Jul,MAxc0N) C(NELEN+1,JasCh0DE(NELEM+1,J). .
04241 00 (Jet,MANCON) C OLo (N E L EM + 1, J ) s 0 ~. 0. .
00242 IF(NELEH+1.LT.MMELEM). .
00213 UO (IsNELEMt2,MEELEH). . .
00244 Do (JeteNARCON). . . .
00245 COLA (I,J) = 0.0. . . . .
00246 C(1,J) s 0.0. . . . .
00247 . . . F I 'd. . . .
0a216 ... FIN. . .'
00249 ... FIN. .
00250 . . .F IN '.

n0251 CALL FC00E(FNAME, 645E, ISEG, FTYPE, DEV, GUIC, UUIC).

00252 OPEN(UNITS 5,NA"EsFNAME,fyPEs'NEw', FORME'UNFONMATTED').

00253 OPEN(Ur.!Ts9,Nants'HSTRT.FIL',TYPEslNges,FORHe'UNFONNATTE0').

00254 aH1TE(5) ISLG ^

.

00255 C .

0025b C *** CONVENT INPUT VALUES TO THOSE UNIIS USED BY NODEL ese.

0025T 00 (Jale3) V5ET(J)sv8ET(J) * PEC0AY.

0025a 00 (Jules) DFZ(J)s0FZ(J) e SECDAY.

00259 00 (1st,6) OECAV(1) e DEC4y(I) e SEC0Ay.

00260 DD (Ise,9) 80HHK(1) a 30 sod (1) * SEC0AY.

002e1 00 (Ise,9) DSOH8(1) s 080HR(I) e SEC0AY.

00262 Ce**eeeeee**meseeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
00263 C TIME 81EP LOOP e.

o02e4 caeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
002h5 C .

00266 NMEQ s NFRST.

00267 IF (NiEW.E J.1).

00269 PropTH e OEP1H. .
00269 Pf0ELZ = DELZ. .
00270 NELMPT a HELEM. .
00271 ... FIN.

00272 ETINE a NKEQ = 1.

09213 EttaE a ETIME e OELTH.

00274 UN11L (N E4 .GT. NSIEPS).

00275 (F (131 .EU. I) w4IIE(11,1) 15EG,88KEW. .
002T6 4 F04 RAT (* SEGAENT se,13,' !!"E $1EP',110). .
00277 ET!*E e Ei!ME + UELTH. .

.
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*** UPDATE THE Flow AND CONCENTRATION 4RRATS ese00218 C . .
CALL HTGFLO(ALEN, ARL4, 4WID, DELI, DEPTH, 050, ELEV,00279 . .

EN0HTD, ETIME, FERROR, HRAO, NELEM, NENUI, PELEye00260 1. .

GMIN, GHOUT, QWe RIVEN, SLOPE, STRESS, TEMPR, |00201 2 .

00292 3. VEL, VOL, DEPMIN, X84NEA, SWID, ASAR, 98, CROSEC,.
90,IELM)00283 4 .

00284 C . .
00285 IF (FER404) REPORT = FATAL = ERROR =AN0=8 TOP. .
00286 IF (NTWl88 GT, 8). .

CALL THuPLo(CTRS, CTRIR, EN0 TAN, ETIME, PERROR, DEPTM, NELEM,0028T . . .
NEdet, NENTRs, eHIN, TRSOPT, DEPMIN)00288 4. . .

00289 IF(ECM03). . .
NRITEttellte)00290 . . . .
FJRMAT('04FTER TROFLO, Mass FLUX VALUES OF CTRS')00291 1100 . . . .
NRITE(6,llit)00292 . . . .
FOND 4ft'8ELEMENF NO.8,2E,3(3N,' CONC, OF',45),3(lX,eCONC.'00293 1880 . . . .

'A380C.',2W),2We'CONCAHINANT'/13Ne'808PENDE9 $4NU'ilm, )00294 1 . . . '

00295 2 ' SUSPENDED 81LT'els,88USPENDED CLAT', 3Xe'WITH 84N0s, 4X,. . .
EDITH 81LT8, 65,841TH CLAT', 4X,80!880LVE0 CONC,8)00296 3 . . .

WRITE (6,1020)(I,(CTR8(leM),MeleMARCDN),Iel,NELEM)00291 . . . .
00298 ...FTN. . .
00299 IF (FEHR04) #EPORT= FATAL = ERROR =ANO 8 TOP. . .
00300 ... FIN. .
00301 CALL ICFLo(CCIN, DEPTH, DELZe 050, ENOIC, ETIMEe PERROR, INFLU,. .

18ES,NELEM, HEMIC,GHIN,01,0EPMIN,4LEN,00302 1. .

00303 2.
' UEL, UNIO, 38ANE4, AREA, AWIO, 9F2, VSET,.

00304 3 EL,ELEV,PELEV,HIVER,NEnGI,NENTRS,.

Na POEPTH,CNODE)00305 4 . e

00306 IF (ECH02) wh!TE (6,9999). .
00307 9999 FORMAT ('esseteemene IN SER4TRA TIME LOOP eeemeneen'). .
00306 IF(ECH02) WRITE (6,5) ISEG, NIEW. .
00309 IF (ECM03). .
00310 MRITE (6,10003. . .
005tl 1000 PouHAT('0AFTER ICFLO, CCIN'). .
00312 a4ITE (6,1080). . .
00313 1010 FORMAT (80',2Xe' NODE NO.',2E,3(3Ma' CONC. OF',4X),3(lX,' CONC.'. . .

8 A380C.',2x),2M,' CONTAMINANT'/ lie'FNOM 80TTOMI,14,00314 1. . .
'848PENDEp SAh0'elX,'80$ PENDED 8!LitelM,'8USPENDED CLAY',00385 2 . .
3x,'w!TH SANp',6X,ewgyg 3gtye,6X,'NITH CLAye,qu,eD1880LVF.U'e00386 3 . .

00317 4 ' Co8C'). .
0031M 4RITL(6,lo20)(Je(CCIN(J,n), gel,M4NCON),JeleNELEMtt). . .
00319 IF (FERRud) NEPORT= FATAL = ERROR =AND=8 TOP. . .
00320 ... FIN. .
00321 1020 FUMm4T(2X,15,2X,lPTE15.5). .
00322 IF LECH 06). .
00323 MRITE(6,1560)PIDPTHehELMPT,PTDELZeUEPTM,NELEM,0ELZ. . .
00321 nHITEte l570). . . e

00325 MHITE(6,1080). . .
00326 mRITEte,1020) (J,(C(J,M),nst,MAXCON), Jet,NELMPT+1). . .
00327 mRIIF(6,1580). . .
003F6 mRITE(6,lil01. . .
00329 WRITE (6,1020) (J,(COLo(J,k),nel,MatCON), Jet,NELMPI). . .
00330 1560 FORMAft'UIMMEDIATELY P4104 TO HDSfLO, FOLLnNANG ICFLO'/. . .
00331 1. '0PTDPTH s',E12.4,' NELNPT as,gg,e pyngLg so,gg2,g/. .
Ob332 2 8 OLPTH s',E12.4 ' NELLM s',IS,' 4ELZ s ' e F.12. 4 ), .

00333 1570 PORMAT('0%nUAL C0f+CENTRAT!uNS PRION TO NOSFlus}. . .

i
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00334 15a0 FORMAT ('0 ELEMENT AVENAGE CONCEtJIR ATIONS PRIOR TO #08PLO'). .
00335 ... FIN. .

' 00336 IF (DEPTH .GT. OEPHIN). .
I 00337 T e A38(PIDPTH/ptPTH=1.). . .'

00338 IF (NNEW .0T. 1 .AND. T .ST. IERO). . .
00339 CALL RDSFLO(ALEN, AREA,Aw!Det, DELI,0FI,NELEM,NELMPT,. . . .
00340 1. PTDELZ,PalD,PNSAR,VSET,MSAREA) '

. . .
00341 00(Jet,MAMCON). . . .
00342 00(not,hELEM). . . . .
00343 COLu(I,J)e(C(I,J)*C(Itl,J))/2. . . . . .
0u344 ... FIN. . . . .
003e5 ... FIN. . . .
00346 IF (ECH06). . . .
00347 WRITE (6,1590). . . . .
00348 aRITE(6,1010). . . . .
00340 wRgTE(6,1020) (J,(C(J,K),Mel,MARCON),JeleNELEH91). . . . .
00350 nRITE(6,16003. . . . .
00351 WRITE (6,1110). . . . .
00352 MRITE(6,1020) (J,(COLD (J,K),MeteMANCON), Jet,NELEM). . . . .
00353 1590 FORMAT ('ON00AL.CONCENTNATIONS POLLOWING ROSFLO'). . . . .
00354 1600 F04 MAT ('0EL(MENT AVERAGE'CONCENTNATIONS POLLOWING RDSFLO'). . . . .

'00355 ... FIN. . . .
00356 ... FIN. . .
0n357 COMPUTE =8ED=AND= WATER =8URFACE= ELEVATIONS. . .
00358 ... FIN. .
00359 C . .
00360 C ete AVERAGE THE INFLOp CONCENTRATIONS INTO THE SESMENT BY TAKING. .
00361 C INTO ACCOUNT THE TWIRgT;RY INPUT.. .
00362 C . ..
00363 IF (DEPTH .GT. DEPMIN). .
00364 WHEN (NTRIBS .GT. 0). . .
00365 IF (NEhTR8 .OR. NEWIC .OR. NENGI). . . .
00366 . . . . . DD (MaleMAXCON)
00367 DD (Jet,NELEM+1). . . . . .
00368 CDUMMy(J) e CCIN(Jak). . . . . . .
00369 ... FIN. . . . . .
00370 00 (Jet.NELEM). . . . . .
00371 CHASSe(CDUMMY(J)+CDUMMV(J+t))/2.eeHIN(J). . . . . . .
00312 CHA33s(CMA88+CIN8(J,M)*BECDAV)fGHIN(J). . . . . . .
on173 C . . . . . . .
00374 C NOTEI CHASS IS IN (ng/Mee3). . . . . . .
00375 C

~ ;

. . . . . . .
00376 WHEN (J.E9.1). . . . . . .
00377 nHEN (M.EG.7). . . . . . . .
00378 CCIN(1,KjeCHA85. . . . . . . . .
00379 CCIN(2,K)eCMASS. . . . . . . . .
00380 ... FIN. . . . . . . .
00381 ELSE. . . . . . . .
00382 NKeN. . . . . . . . .
0n383 IF(K.GT 3) kNeNk=3. , . . . . . . .
0u344 COEFe0. . . . . . . . .
On385 a5eVSE T(MMle ARE A(13/( ANID(1)e ALEN). . . . . . . . .
00386 Ele 0F2(kK). . . . . . . . .
00387 CCIN(1,nle(2.eCMASS=CDEF*0ELZ/EZ)/(2.=d3*DELZ/t2). . . . . . . . .
003A8 CCIN(2,K)m2.*CMASS = CCIN(1,K). . . . . . . . .
00399 ... FIN. . . . . . . .
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00190 ... FIN
,

. . . . . . .
00391 ELSE 1. . . . . . .
ou)S2 CCIN(J+1,K)s2.eCMa88 = CCIN(J.W) l. . . . . . . .
00393 ... FIN. . . . . . .
00394 ... FIN. . . . . .
0u395 . . . . . ... FIN
00396 ... FIN. . . .
00397 IF (ECH03). . . .
00199 WRITE (6,1300). . . . .
00399 1300 F 0d'4 A T ( ' 0 AF I ER TRIBUTARY INFLOW, CCIN AND WHIN'). . . . .
0040u * Nile (6,13101. . . . .
00401 1310 FudH AT( 8 0ELEMENI/ NODE ',3(3X,' CONC. OF ',4E),3(IN,' CONC. '. . . . .

ASSOC.',2tle2x,'CONTANINANT',7X,' Plows /IMi'FRON u0T1UN's00402 1 *. . . .
00403 2 2X,' SUSPENDED S AND SUSPENDED 8ILT SOSP(NDED CLAY wlfH e,. . . .
00404 3. 'uAN0',6X,'NITH 81LT',6x,'n!TH CLAY DI486LVED CONC.8,. . . .

2x,'(He*3/SEC)')00405 4 . . . .
00406 WRITE t t,132 0 ) ( J, (CCI N (J,4), Mel, N A NC ON), GHIN (J), Je t , NELtM+1). . . . .
00407 . . .P I N. . . .
90409 1320 FORMAT (2ki!5,4x lP8E15.5). . . . e

nU409 ... FIN. . .
00410 ELSE. . .
00411 D0 (JsleMxELEM). . . .
00412 00 (MaledAxCON) CTR8(J,N)e0.0. . . . .
00413 ... FIN. . . .
00414 GTNm0.0. . . .
00415 ... FIN. . .
00416 C . . .
00417 C ese nETERMINE THE PROPER PHOTOLYSIS COEFFICIENT TO 8E USED ene. . .

. . . JULSEC e JULSEC + OELTN
-

004to
00419 NSP e 900(JUL8EC,SECYR). . .
00420 CONDITIONAL. . .
09471 (NSP .GE. 1 .ANO. NSP .LE. 7948800) IPC e 1. . . .
00422 (NSP .GE. 7948801 .AND. NSF .LE. 19897600) IPC e 2. . . .
00423 (NSP .GE. 1589F600 .AND. NSP .LE. 23760000) IPC e 3. . . .
00424 (NsP .GE. 23T60001 .AND. N8P .LE. StCYR) IPC a 4. . . .
03425 . . . . (NSP .EO. 0) IPC e 4
00426 ...Flh. . .
03427 ... FIN. .
00426 > MEN (DEPTH .LE. OEPHIN). .
00429 u0 (Lol,M4xCON). . .
00430 Do (tal,NNELEM). . . .
00431 C(1,L)so.. . . . .
00412 COLo(1,Lis0. . . . .
0u433 ... FIN. . . .
00414 ... FIN. . .
00435 IF (0ECatti) .GI. 0.0). . .
0043h CALL OEonK(9, utCAY,0ELTQeNuEO). . . .
00417 ... FIN. . .
00416 . . .P I N. .

00439 ELSE. .
00440 PENNOR e . FALSE.. . .
00441 L , . .

"0442 FCnEFFmPCOEF(IPC). . .
00441 IF (ECH05). . .
00444 >HIIE(6 elf 00). . . .
00445 hulTE(6,1710). . . .

|
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00446 ndl1E(6,tT20) (1,AHEA(I),ABAN(!),ANID(1),UnID(I),WV(!),4 MIN (!),. . . .
0044T 1. QHoultllelet,NELEM+1). . .,'

00445 1700 F0H4&T('00E0MEIRY AND DISCHARGE INFU PRION To inANSP'). . .
00449 1710 F 04M A T ( 8 0ELENC NT/uODE',6N,' ARE A ',9M e ' AW AR',11 X,' Amlo s , t t a, e sw3 0 s .. . . .
00450 1. 12a,'4V',12X,'QHIN',titelGH0uT'). . .

| 09451 1720 FnWMAT(2x,15,3x,lP7E15.4). . . .
'

00452 ...Fla. . .
00453 C aRITC(6,Illt)NME0eNELEM,8METH,FENNOR,ECH04,ECH07,ECH08,ECHU9,. . .
00454 C 1 PCUEPF,nEPTH,CaustC,ALEN,80lV, FED,0EPHIN,0ELTH,DELZ,
00455 C 2 050,dR40,N Af t,K4 Y2,P04,8(OPE,S TRESS,TEMPR, VOLE NYS0
00456 C aR11E(6,2222). . .
00457 C 3 ((OLOC(M,N),C(Mew) CCIN(M,N), COLD (M,N),Nele?),
00459 C 4 (R(M,N),Not,6),0dlo(M),4w!D(M),AHAR(M)eanEA(M),0HIN(M),
00459 C 5 QMnuT(M),0f(H)enst.10),(DECAY (M), Met,6),(80RUK(M),
00460 C 6 b$uRHtM),Mel,9),(hF2(M),det,4),(DEN 8(H)e0!AM(M),08HH(M),

*00461 0 7 ERODE (M),VSEf(t),8CSHH(N), Mal,3)
00462 litt FORMAT (5s'HEFORE TRANSP'213,A2,5L2/40(10E1053/3). . .
00463 2222 FORMAT (40(10Eto.3/1). . .
00464 CALL TWAw3P(FERROR,PC0EFF,HW10,AMIO,ASAR, DEPTH,0 LOC.ErMue,. . .
00465 1. CHusEC,ECHOF, ECHus, ECH09). .
004%6 C aRITE(6,ttl2)NMEn,NELEM,3METHeFERNDR,ECH04,ECH07,ECHCQ,ECH09, "

. . .
0046F C 1 PCOEFF,0EPTH,L40SEC,ALEN,8DIV,HED,0EPNIN.DELTHeDEL2,
00466 C 2 D50,HRAD,KAY1,MAY2,POR,8 LOPE,8IRESS,TEMPR,VOL,NYSO
On469 C nRIIE(6,2222). . .
00470 C 3 ((OLDC(M,N),C(M,N),CCIN(M,N),COLO(M,N), Net,7),
00471 C 4 (8(M,N), Net,6),Bd!O(M),AWID(M),46AH(M),A9EA(H),0 MIN (M),
00472 0 5 kH00T(M),ev("), Met,10),(oECAY(N), Mal,6),(30RMK(M),
00473 C 6 USONH(M),Mut,9),(DFZ(H), Mal,4)e(DEN 8(M),0!AM(M),08HR(M),
06474 C 7 ERODE (H), VSE T (M), SC8HP(M), Mel,3)
00475 1912 F00 MAT (5x'AFTER TRANSP'213,A2,5L2/40(10E10,3/)). . .
00476 IF(ECHUS)aW11E(6.2000)((C(t,J), Jet,MANCON),lateNELEM+1). . .
00477 2000 PORMA1('UAFTEN TWANSP'/50(1x tP7E15,5/3) '

. . . e
00476 C . . .
00479 IF (r ENN0H) NEPORT=fATAleENNUH=ANDa8 TOP. . .
00480 C . . .
004Mt COMPUTEenE0=Ahu=HATEwe8URFACE= ELEVATIONS. . .
004n2 C . . .
00493 ... FIN. .
90464 C . .
00485 C een SAVE THE REsults CF THIS IIME STEP. 11 MILL bECOME INPUT TO. .
0u486 C THE AEXT SEGNENT *ee. .
QueAF wkITE(001FLn) DEPTH,UEL2,NFLEM,(WHOUT(M),X84REA(Kieenap(K),. .
00464 1. Kat,NELEM),((C(L,n),Kat,MARCON),LulphELEMti),.

004a9 2. ((ULOC(L,K),mut,maxCON),Lal,hELEM+t).

00490 0 . .
U0491 hEl1E(9) PEP 1HeDEL2,hELEM,(4HOUT(M),X5 AREA (K),AMID(K),. .
00492 1 Ket,hELErle((C(L,n), Mal,MAuCON),Lut,NELEM+1)e.

00495 2. ((ULDC(L,M),peleMaxCON),Let,NE(EMtt).

00494 C . .
00495 C . .
00496 IF (AHalv5) 5 AVE =THE=WE50LIS=#nW=I1ME=3 ERIE 5= ANALYSIS. .
0049F C . .
09490 IF (MQQ(N4EO,ITPNI) .EQ. O). .
00499 C een SAVE IHE ME3nLis fue Pu!Nf!NG ANO OTHER POST PNutE5stNG ese. . .
00500 CALL SavF11(M. bOIV, HEO, ELEV, C, DEL 2, N D P. U , NELFM.. . .
00501 1. NAEW, NESELN, 8TkESS, tYSo, ULOC,. .

|
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ALENe0HIN,4HOUT,CCIN,9V,4WIp SWlD,VSET,0EN8eDELTD,DFZe 100502 2. . . p '

PORE 1HED)04503 3 , .
00504 ... PIN. .
00505 C . .
00506 NELNPis*ELEN. .
00507 PTOPTwe0EPTH. .
00508 Pf0ELIoDELZ. .
00509 00 LIsleNELEN) i. .

PNSAR(llesSAMEA(I)00510 . . .
00511 PMID(13eAMIo(I). . .
00512 ... FIN. .
30513 C . .
005te C ese CNECK SENSE SeITCH s2 TO SEE IF TME RUN IS TO SE STOPPE0 ***. .
00515 IF (182.E9.13. .

CLD8E=TNE.0 FEN. FILES00516 . . .
90517 OPEN(UNIfeleNAMEe'TYs'). . .

MRITE(1,2) NMESe18E800516 . . .
FORMAT (//2tX,'ese** SERATRA *****8/00519 2 . . .
SNe'TERNINATED BY OPERATER AFfte TIME PLANE s',Ite/00520 1. . .
SM,'I4 SESHENT s',15)00521 2 . .

OTOP00522 . . .
00523 ... FIN. .
0052s C END OF TINE STEP LOOP. .
00525 NEEW e Nute + 1. .
00526 ... FIN.

00527; C END OF SEGNENT LOOP.

00524 PELEV e ELEV.

00529 NFM81 e 1.

00530 LUNINPeINFLO.

00531 INFL0eouTFLO.

00532 00fFL0eLUNTNP.

00553 REWIND INFLO.

00534 REeIND 00fFLO.

00515 CLOSE(UNITE 5).

00536 CLOSE(UNITE 9).

00537 ... FIN
00538 CLOSE=INE.0 PEN. FILES
00539 STOP
00540 C

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

00541 70 COMPUTE.8ED.AND.NATEN.SUWFACE. ELEVATIONS
00542 PELEV e ELEV + BED.

00543 RESELN e OEPTN + BELEV.

005e4 ... FIN

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

00545 70 CLOSE.THE.0 PEN. FILES
00546 CLosE(UNITel).

00547 CLo8F.(UNIT e2).

00548 CLOSE(UNITE 3).

00549 CLUSE(UNIIe4).

00550 CLUBE(UNITE 5).

n0551 CLUSE(UNITE 9).
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00552 CLOSE(uMITe6).

1 00553 CLO6E(UNIIe7).

i 00554 CLOSE(ONITot).
'

On555 ... FIN

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

00556 TO REPORT = FATAL. ERROR.AND.8Tur
00557 CLOSE.THE.0 PEN. FILES.

00558 OPEN (uMIfet,NAMEe8 Tit').

00559 NRIIE(1,1).

00560 1 FOR44ft//10K,88*** SERATRA .= FATAL ERROR eteet'/.

00541 1. * Pa!1T ' SED.LST* FOR DETAIL 8')
00562 C ese THE IF STATEMENT BELow Is A CONCESSION 70 THE COMPILER ene.

00563 IF(FERROR) STOP.

00564 ... FIN

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

00565 TO RESET.0ATA TIME. CONTROLS
00566 ENo!C e 0.

00567 E*nHYG e 0.

00568 ENUTR8 e 0.

00569 ...FI4
........................................

08570 TO SAVE.THI.RESULTS.FOR. TIME.8ERIES ANALYSIS
00571 C .

00572 C ene COMPUTE THE VOLUME OF EACH ELEMENT AND THE TOTAL VOLUME.

00573 C OF THE e4TER COLUMN ene.

00574 C .

00575 AVULeo..

00576 00 (Int,NELEM).

0o577 ELMVOL(I) e DELZeABAR(!). .
0u578 AVOLeAVOL+ELHVOL(I). .
00579 ... FIN.

00590 C .

ov5Al C ese AVERAGE DI530LVED (K0/Mee3) een.

005e2 AVGDIS a 0.0.

00563 Do(Ist,NELEM)AVGDI3s4VGDIS*(C(1,7)+C(Itte73)eELMVOL(!)/2.

005e4 AVCDIS a AVGOIS / AVOL.

00545 IF (AVGDIS .GT. ANALMT).

00596 C . .
00547 C *se AVERAGE SEDIMENT (KQ/Mee3) een. .
00588 AVQ3E0 a 0.0. .
00589 00(1st,NELEM). .
00590 AVGstosAVGSED+(C(1,11+C(I+1,1)+C(Ie2)+C(I+1,2)+. . .
00591 1 C(I.3)+C(1,1,3))/2. .
00592 ... FIN. .
00593 AVG 9Eu a AVGSED / AVOL. .
00594 C . .
00595 C eene AVERAGE (PARf!CULATE (PC/kuleSEUIMENT(MG/Mem3)). .
00596 PARPCM e n.0. .
00597 00 (InteNELEH). .
00598 PasPCM e PARPCM * ELt1VDL ( g j e (C ( t es)+C(1,5)+c(1,4). . .
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+C(Itl,4)+Ct!+1,5)+C(!+1,6))/2 j00599 1. . .
00600 ... FIN ;. .
00601 PANPCM e PAMPCM / AV0L I. .

'

09602 C . .
00605 C *** AVERAGE PARTICULATE (PC/KG) ***. .
0060s PARPCM e PARPCM / AVGSEO. .
00605 C . .
00606 TOTNG e ( PARPCM + AVCDIS )*AVOL ). .
00601 C .

. .
00608 CAVGMX e MAE(CAVGMX, AVGDIS). .
00609 IFLOW e 0.0. .
00610 00 (let,hELEd) 1 Flow a TFLow + PTGAVG(I). .
00611 IFLUM e TFLon / SECDAY. .
00612 WRIIE(8) ISEG,NEEO,TFLOE, AVG 8EDeAVGDIS,PARPCNePARPCN,TOTMG. .
00613 ... FIN

'

.

00614 ... FIN
00615 C
00616 EhD

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

PROCEDUWE CROSS. REFERENCE TABLE

00565 RESET. DATA. TIME.CONTHOL5
00158

00570 SAVE.THE.NE80LT8.FOR. TIME =SENIES.ANAlf318
00496

00545 CLOSE.IPE.0 PEN. FILES
On516 00538 00557

00541 COMPU TE.8ED. ANu.n A TEN SURF ACE =E*.EV A TIONS
00357 00481

00556 WEPUdl=FAIAL ERRUH=ANO.STOP
00142 00186 00295 00299 00319 00479

(F LECS VERSION 22.46)
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1

00001 SUDRouTINE SETyP(II, DD, P, 8, R, VEL, NELENetCHD4, WIDTH)
00002 C
00003 C THIS SUHRDUTINE Sf73 UP THE FINITE ELEMENT MATRICES
00004 C
00005 C CALLEu sy TRAt Sp.
00006 C
00007 LUGICALet ECHus
00004 NE4 Lee SElePew,8
00009 INCLuuE '5VsELH81Z.PRM'
00010 C
00011 DINENSION DD(10), P(MXELEM,3), PEL(2,2), R(1MELEM), 8(MIELEMe3),
n0012 i SEL(2,2)
00013 C
00014 C

00015 PEL(1,1) a 1./3.
00016 PEL(le2) e 1./6.
00017 PEL(2,1) e 1./6
00018 PEL(2,2) e 1./3.
00019 SEL(le!)e DD(I) + DD(3) + DD(7)/3
00020 SEL(1,2)s .DD(1) + DD(4) + DD(73/6
00021 SEL(2,1)s DD(1) . DD(5) + DD(7)/6
00022 SEL(2,2)s DD(t) + DD(6) + DD(73/3
00023 IF ( ! ! .Eu.1) SEL(1,1)s5EL(let)+ VEL
00024 IF(!!.Lu.NELEH) SEL(2,2)m3EL(2,2)+vtL
00nty C ,

cou26 00 (Is!,2)
00027 Do (Jule2).

0002M PEL(1,J) e PEL(I,J) * MIDTH. .
00029 SEL(I,J) e SEL(1,J) e nID7H. .
00010 ... FIN.

00031 ...F]N
00n32 po (Is8,to t) DD(I) e DD(!) e mIDTHe

00033 DD2sDD(5)/2.0
00034 Du (Jale2)
0n035 NRu!! 4 J . t.

00036 DD (not,2).

0u037 MCa2+(II + M 1) . NR.. .
0003e P(NR,MC)s P(NR,PC) + PEL(J,M). ,

00039 8(NNeMC)s Sthe,MC) + SEL(Jen). .
00040 ... FIN.

00041 R(NR)e R(NR) + 002 + DD(5+J).

00012 ... FIN
00043 IF (ECN04)
00044 WRITE (6,999).

00045 999 FORMAT (8 eeeeeeeeeeeeeeeeeeeeeeeeeIN SETUP').

00046 WRITE (6,1000)(I,(SEL(1,J), Jet,2),lete2).

09047 NNITE(6,lloo).

Co04H >RI T E (6 e l 2 0 0 ) (1, (P (1, J ), J e t ,3 ), (5 (I, J), J e t ,3 ),N (1),Is!, NE LtH + 1).

000mg 1000 . FQWMAT(' SEL(1,J), Is',12,13,' Jet,2 ',5E,lP2Elg.4) I

OJ050 1100 FDHMAT(80NDOE',7x,'P(1,1)'e10ke'P(le2)'et0F,'P(1,338,10Xe.

00051 1 '8(lell',10X,'S(le2)i,10Xe'S(1,3)'et02,'R(1)')
00052 1200 F 04M A f f i r,13,1v7E16.5).

00053 ...FjN

|
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00054 RF.7044
00055 END
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!
........................................

00001 SuuMOUTINE SHEARR(OEPTH, DSO, STRESS, USTAR, VEL)
00002 C
00003 C THIS SuuMOUTINE CALCULATES BED 8 HEAR STRESS AND SHEAR VELOCITY FDM00004 C A SEDIMENT LADEN FLOW. METHOD 18 APPLICASLE FOR RESERVOIR 8,
00005 C REF. HTORAULIC8 0F SEDIMENT TNANSPORT SY W.H. SRAF. 88 8.4900006 C
00007 C FONMAL PARAMETERS
00008 C DLPTM . PLOW DEPTH (METERS)
00009 C 050 MEDI AN GED SEDIMENT DI AMETER (METERS).

00010 C STRESS . ut0 8 HEAR STRESS (MG/Me*2)
00011 C USTAR . SMEAR VELOCITY (H/8EC)
00012 C VEL = AVERAGE VELOCITY (M/8EC)
00013 C
00014 C CALLED OY8 NYDFLO, ICFLO
00015 C
00016 C RHO . WATER DENSITY (R8(FORCE)/Me*3)
00017 OATA rho /1000,/
00016 C
00019 C AKAPPA . KAMMAN CONSTANT
0002n DATA AKAPPA /0.4/
00021 C
00022 USTAReVEL/(17.6h+(ALOG10(DEPTH /(96.5aD50)))et.3/ANAPPA)00023 STHE88eNHuaV8TANe*2.0/9.8
00024 RETURN
00025 END

(FLECS VERT 10N 22.46)
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(FLEC8 VENSION 22.46) 17.Je,.d2 15:07:22 PAGE 00001

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

00001 SU4 ROUTINE SHEARS (ALEN,ELEV, HMAU, PELEV,8 LOPE,81RE88eUSTAR)
00002 C 1

00003 C THIb HETHOD OF ConPuTING HED SHEAR STRESS AND SHEAR VELOCITY
'

00004 C IS APPL!CAULE TO NIVEN8 AND SidEAa8
00005 C

0u006 C FORHAL PARAMETE48:
0000T C ALEN . SEGMENT LF.NGTH i

00008 C ELEY = ELEV AT10 4 UF THE CURNENT SEGMENT l

00009 C HHAD . NYDNAULIC RADIUS OF THE SEGMENT
00010 C PELEW = ELEVAT10'4 0F THE PREVIOUS 8EGMENT
00011 C SLUPE . BED SLOPE
00012 C STRES3 8ED SHEAR STRESS
09013 C USTAR . SMEAR VELUCIIV
00014 C
00015 C CALLED 8YsHYDFLU
00010 C
000lf C G = GNAVITY (M/34*23
00016 C HHO = DENSITY OF MATEM (MG(FORCE)/Mee3)
00019 UATA RN0/1000 /
00020 DATA G/9.801/
00021 SLOPE a (PELEV . ELEV) / ALEN
00022 6 TRESS s SLOPE * WiO e HRAD
00023 USTAR s $GRT(G * SLnPE e HRAD)
ov02n C
00025 NETURN
00026 ENU

(FLELS VERSION 22.46)
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........................................

90001 80040VIINE SILCLA(aH4W, 8, RClv, CCIN, DELTD, DELI, OEPTH,
On002 1 DENS, 0$HR, EWODE, NN40, J1, N#ED, COLDe
00003 2 NELEM, P04, WHIN, GHOUI, SC8HR, SINESS, VSEi,
00404 3 XY30, OEPO, IL414, 80, BR, *N T,
00005 4 CNOSEC, 8910, ALEN, ECH07, SCOUN)
00006 C
00007 L IHIS SunRUUTINE COMPUTES INE WATE AND SOURCE TERMS FOR THE
0000R C IRANSPORI 0F SILT (Jls2) 4No CLaf (Jin3)
00009 C
00010 C (NPOT PARANETERS
00011 C ANAR 4(ERAGE 4RE4=

00012 C R . $ED COND!fiPNS
00013 C R0!V STANDARD RED LAYEH IHICNNES1.

00014 C C nelER CON 011:0NS.

00015 C CCIN CnNCENTRAft0N OF thPLon=

00016 C DELTD TIME STEP (DAYS).

u0017 C PELZ ST A 40440 ELEMENT THICENESS=

00018 C OENS DENSITV.

00019 C DEPTH . UEPTH UF FL0a
00020 C OSH4 CHITICAL SHEAR Sf4E88 FOR DEPUBITION.

00021 C ENUDE E409441Liff, (MG/Ma*2/8EC). i

HvodaullC RADIUS I00922 C HN40 .

00n23 C J1 ste SILT e2p CLAf
{

.

00024 C NUE0 N'JH1ER OF dE0 L41ERS 4
.

00025 C NELEH NUMdEW Of ELEMENTS.

00026 C POR PJR031fY=

00027 C OHIN IteFLud 016C1A4GF.

00026 C GHOUT uufFLO4 0!$ CHARGE=

00028 C SC8H4 CH1f! CAL 8 HEAR STMESS FOR SCQUR.

00030 C STdE58 . REO SHE AR ST AF SS
00all C V8EI PARTICLE SEITLING VELOCITY.

00012 C xv80 THICMNESS OF TUP ME0 LAYED.

00033 C QUTPUT PANAMETEdSt
00034 C IL414 N9. OF SED LAVERS APFECTED of DEPOSITION AND ER001QN.

0003S C 50 . OEPOS!!!ON MATE, (MGtPCD/Ma*3/DAV)
00036 C SN EHostuN RAIL, (KG(PC 6/Mee3/0AV)-

0003F C kNT dEIGHf 0F TOP UED 8EDIMENI LAYEN, (MG/Meel).

OED DE#OSITION RAIE (4G{PC)/M2/04f)00039 C QEPO .

3E0 8COUR NATE (MG{PCD/M2/0AY) |00039 C SCOUR .

00040 C

0004) C CALLED HVt TR4NSP
00042 C C4LL88 DEPCAL
0004) C

00044 INCLunE 'ELMSt2.PWM'
Onue5 C

00046 4EAL M4FUNC.Mlef4FR4L
00047 LQ41 CAL *! ECH07
00019 C
00049 OIMP.N3104 41A4(MAELtH), 8(144 LEV,MAMCUN.1),GQLO(HtEL{M,MAF.ON),
000$0 l OEu1(ll, DSMut)), E406t(3), ILAYWt3),
0004l 2 4,41 N ( 9 a t Li H l e GHtIH f ( N * E L E M ) , SC8Hd(3),
00052 3 30(MnELEH,6), $d(*), VSEf(3), XN1(3),
00055 4 CCI1(HAELEMedasCow), HalD(MsELEM), uEP0(6), SCOUN(6)
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(FLEC8 vtR810h 22.46) IT=JUN=st 15:0T320 PAGE 00002

00058 DATA SECOAV/06400./ |
00055 C

|00056 J2eJtes !

00057 XNT(Jileo. |00056 IF (NDED.uf.9) i

00059 MDf0'e(1.0=PUR)/(8(N9EUell/ DEN 8(1)+B(NHEO,2)/ DEN 8(8) =.

00060 1. p(18ED,5)/0LN0(3))
00061 XNT(Jt) e upTOP e B(hSED,Jt) * Xf90.

00062 ... FIN
00063 OEPO(J1) e 0.0
00064 OEP0(J2) e 0.0 '

'00065 SR(Jt) e 0.0
00066 84(J2) e 0.0
00067 BCOOH(JI) o 0.0
00068 ScouM(J2) o 0.0
00069 R8 e 0.0
00070 C8 e 0.0
00071 VOLUNE e CROSEC e ALEN
00072 Do (la e 1,NELEN)
00013 SD(IK,JI) e 0.0.

00074 SD(IA,J2) e 0.0,

00075 ... FIN
00076 ILAYR(Jt) e0
00077 IF(ECNU7)
00076 IF (8THESS .LT. USNR(Jt)).

00079 C . .
000A0 C 8Ep!NENT DEPos! TION
00061 C . .
00062 ILAVR(J1) e =l. .
000n3 Av6C e 0.0. .
00069 Tuid e 0.0. .
00005 00 (IX e 1,P'ELEN). .
00446 C . . .
00087 C IT 15 INPLICITLY A88VMED fMAT A DONNETHEAN COURANT NUN 6ER. . .
000an C AT OR NEAR UNITY 18 EMPLOYE0 IN THIS ANALYSIB. . .
03049 C . . .
00090 INFRACoo.5eWHIN(IX)eDELTO/464R(IX)/ DELE. . .
00011 ENFRAcel.0=INFRAC. . .
00092 IOTQ e TOTQ e INFRACeQNIN(IM)+EXFRAce0NOUT(IX). . .
00093 Av0CoAVGC+INFRACouMIN(Isle (CCIN(!X,J1)tCCIN(IX41,J1))/2. . .
00094 1. 9EXFRACeQNOUT(IrleCULD(IX,J1). .
00n95 . . .F IN. .
00096 Av0C e Av0C / TOTG. .
00097 DEP0(J1) e VSET(J1) e AVGC e (1.0=(5THE88/08HN(J11)). .
09096 NATE e OEe0(Jt) e Ud!O(l) 6 ALEN / VOLUME. .
00099 Do (M e 1,NELEN). .
00100 30(k,Jt) e NATE. . .
00101 . . . WOLM e A9AR(4) e DELF
00102 INFNACo0.SeuMIN(M)eutLTU/WOLM. . .
00103 LXFNACol.0=lNFRAC. . .
00104 3EnsINFHaceuMIN(M)e(CCIN(M,Jt)*CCIN(M+1,J1))/2.. . .
00105 1. . . * E z F N ACeQHou t (n) eCULo(M e J1)
00106 CONI eldF N AC o wHIh t n j e (Ct ! N (n, J2 ),C C IN (M + 1.J2)) /2. . .
00107 1. + ExFNAcouHOUT(M)eCULO(heJd). .
00106 C , . .

00109 Ceeeeeeeeeeeeeeeeen.e.eeeeeeeeeeeeee ..eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeena
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00110 RATEM e NATE e VOLM. . .

i 00111 80(R,J2) e RATEK / SED / VOLE e CONI. . .

( 00!!2 DEPutJ2) e DEPn(J2) + 80(N,J2) / SNID(1)
. . ... FIN ' e VOLM. . .

- 00113
0v114 ... FIN.

00115 IF (STRESS .GT. SC8HR(JI).sho. N8ED. GT . 8).

00!!6 C SEDIMENT SCOUhlNG
i Outl7 C . .

00118 R8 e ERODE (JI) * 8ECDay e (STRESS / SC8HR(Jt) = 1.0). .
00119 ILATP(JI) e0. .
00120 C . .
00121 C COMPUTE AVAIL 481LITY OF COHESIVE SIDIMEN7 IN BED LAYERS.. .
U0122 e Max! nun NUMBER OF LAYERS SCOUptD 18 NESTRICTE0 WY SAND SCOURING.. .
40123 C . .
00124 R8 e R8 e DELTD. .
00125 WHEN (. NUT.(R$ .GT. XNT(Jt) .ANO. ILAYM(1) .8T. 8) >. .
00126 NO e AMINitp8,umT(J1)) *

. . .
0012T C8 e R8 e O(N8ED.J2). . .
00124 INT (Jt) e XNI(J1)=RS. . .
09129 . . .P ! rJ. .
00139 ELSE. .
00131 PACob(NDED,J2). . .
00132 . . . NSUSP e R8
00133 NO e 0. . .
00134 140 ILAVR(Jt) e ILAYR(Jt)+1. . .
00135 N8 e NHED=lLATR(Jt) !

,

. . .
00136 NOUSP e 48USP=XNT(Jt). . .

10013T N8 e PS+shT(J1) l. .
00136 .'. C8 e C6 + FAceXHT(Jt). .

00139 ENT(Jt) e 0.0 '. . .
00140 FAC e 0.0. . .
00148 IF (NB.hE.0) 1. . .
00142 .' unoett.0=P043/(R(Nd,1)/UEN8(1)+8(NO,2)# DEN 8(2)+s(Nb,3)/ DEN 8(3)) |

. . .
00143 . . . . ANT (Jt) e BDIV e 8(NR,J1) e XND
00184 FAC e d(NH,J2). . . .
00145 ...Fl%. . .
notes C . . .
00lef IF (ILAYR(Jt).EO.ILATR(1)) GO 70 155. . .
00146 IF (e80SP.GE XNI(Jt).AND !LATR(!).GT.1LAYR(Jt)). . .
00149 GJ ID 140. . . .
00150 ... FIN. . .
00151 C . . .
00152 155 . . . CONT!aut
00153 UEL e 4WIHl(R$USP,XNT(J1)). . .
00154 . . . W8 e 49 + OEL
00155 C8 e Cs + OEL e FAC. . .
00156 ENT(Jt) e ENT(Jt) UEL. . . =

0015T ... FIN. .
v0159 ... FIN.

00159 8C00R(J1) e NS / UELTD.

00160 SCOUN(J2) * CS / DELTO.

00161 8R(Jt) e h5 / DELTD e MulD(1) * ALEN / VOLUME.

00162 8k(J2) e C3 / otLTD e HMID(1) e ALEN / VOLukt.

00163 C .

00164 ... FIN
00165 NtTUNN
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(FLECS %ERSION 22.46) ti.Jua=MP 1580T139 PAGE 00008 )

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

00001 C
00002 C tt06,518PPN.FL3
00003 C

00004 C SERATHA POST PRotts$1HG PNUGNAM
00005 C . . ..

00006 C

00007 C THIS PNUGNAM IB USED 10 MANIPULAIE THE NE8 ULT FILES FNOM THE
00008 C SEU1 MENT TRANbPUH1 MODEL , SENATHA. LISTED WELOW ARE THE FUNCTIUNO
90009 C THAT 11 CAN PERPONbt
00010 C

00011 C (1) LIST . NEAD THE SPECIFIED FILES AND PRINT PROPEN MATRICES.
90012 C

00013 C CALLS GETSPC, LISTER
Opola C

00015 PYTE P IL NAM (30),M ASE tS),ERT(3)eDEvt3),GUIc(3)eUUIC(3)
00016 r
Unotf 14fFGEHe2 NEGPEG, UNITS
40018 INTEG!R*4 BEGilH,LSTTIM
00019 C

0o020 LOGIC 6L*1 LIST, CHAIN
00021 C,

00022 OATA FILNAM(29),FILNAN(303/2*' '/
00023 C

00028 CALL GET8PC(BASE,HEGSEG,UEGTIM, CHAIN,EXTenEV,PILNAM,GUIC,1NISES,
**

00025 l INTTIM,L818EG,LSITIM,f8tEP, UNITS,00!C)
00026 C

oon2T LIST e .TNut.
00028 C ALL LISTEH tB A8t e BEGSEGe dEGTIM,CH AIN,DEV, EXT,PILN AM,GUIC,1N18EGe
00020 1 INii1H,L51SEG,LSTTIM,T8TEP, UNITS,UUIC)
00050 C
0U031 STOP
u0032 ENO

(FLECS VERS?On 12.ae)
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00001 800 ROUTINE aTRTuP(MASE, DEV, ECH0, FNAME, FTVPE, GUIC, INFLU, )
00u02 1 ISTRT, NPNST, 00TFLO, SNETH, UUIC,
00003 2 SAVECH, J8EG, N8TEP3,NSES,ITPRTeAN4(TS, |

100004 3 DELTR,ANALMI,UEPMINes!MLEN,PELEV)
00005 C
00006 C THis PouTINE 18 RESPONSIHLE FOR THE INTERACTIVE I/O AND OPENING THE
0000T C PdDPEN FILEle
00008 C
00009 C

00010 C FORMAL PANAMETEN88
00011 C BASE 5. CHARACTER WASL FILL NAME (SVTE)
00012 C DEV . SAGE HUTPUT FILE DEVICE (SYTE)

LINE PRINTER ECHO CONTROL VAA!ASLE (La!)00013 C ECHU =

00014 C SAVECHtt). ECM0 CONTROL FOR SENATRA HEADIN88
00015 C SAVECH(2). Echu CONTROL FOR INFLUENT CONCENTNATIONS
00016 C 44WECHt31 ECHO CONTROL FON SETUP OF ELEMENT MATRIM
00017 C 84VEC4(4). ECHO CONTROL FON SEONETNv'AN0' CONCENTRATIONS
40018 C SAVECH(5). ECHu CONTROL FOR RDSPLO, PEFORE Ak0 AFTER
00019 C 84WECH(6). ECHO C9NTMOL FOR SEDIMENTATION

ECH4 CONTNOL FOR DIAGh08 TIC 8 WITHIN SAND, SILCLA00020 C SAVECH(T) .

00n21 C SAVECHtA). ECHu CONTROL FOR PRINTOUT OF SCOUR / DEPOSITION OLTAIL
00022 C 8AVECHt9). Echo C0NTN0L . UNDEFINEU = TRANSFERS TO TRANSP
00023 C 84VECH(10). ECHO CONTMOL = UNDEFINED
00024 C PNAME FILE DESCRIPTION FOR THE AESULT FILE (SVTE).

00025 C FTTPE . B4SE UUTPUT FILE EXTENSION (SVTE)
00026 C C'JIC~ = GROUP hudHER PROM VIC OF WASE FILE NAME (8YTE)
00027 C INFLO . LUN NUMdEN TO THE DATA FNOM THE PREVIOUS SL8 MENT
0002s C ISTRT = START 1h4 SEGNENT NUNGER
40029 C NFNST . STAdT!NW TIME PLANE NUMMER (144)
00030 C OUTFLQ . LUN NUM4EW TO THE FILE MECE1 VIN 8 THE RESULTS OF THE
00031 C CURdE4T SEGMENT (I*I)
00032 C 8METH = NETMuu To RE USED TO CALCULATE THE SAND CAPACITY (Svit)
00033 C UUIC . USEd MUMuER FNOM VIC OF Best FILE NAME (SYTE)
00034 C

00035 C CALLED ufs UERATHA
00036 C CALLes PDCODE
00037 C
0u054 C
00039 nyTE AN8mERevES,N,PNAME(29),FTYPE(3),DEvt3),GUIC(3),UUIC(3),
00040 1 848EL5),SMtTH,1NPFIL(30)
00041 C
00042 INTEGLR*2 OulFLO
00043 C *

00044 INTEGEWe4 NFRif,8IHLEN,NSTEPS
00045 C
00046 LnGICAL*1 CCHO, SAVECH, WRTSEG, ANALYR
00047 C
00048 DINENSION JSEG(1), SAVECHtlO)
00049 C

00050 DATA N/'R'/
0u051 UATA YES/eysf
00052 0ATA WRTSEG/. FALSE./
00053 C

I
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(FLEC8 VER810N 22.46) 17=JUN=A2 15107:42 PAGE On002

00054 mRITE(Bel) jl 00055 NE40(5#2) NCH4e(INPFIL(13eleteNCH4)
00056 INPFIL(NCNRtt) e0 I
00057 QPEN(U41[st,NAMEsjNPFILeTYPts'OLD'eREADONLY) 1

00058 C
00059 nRITE(8,5)
0J060 NEAD(4e4)AN8MEh
00061 IF (AN8 DEN . E't . YES) ECHO e .THut.
00062 C
00063 ANITE(Set)
00064 NEAD(8,4)(FNAME(1)elete29)
00065 CALL FDCOUE(FNANE 6ASEeJ850,FfyPteDEv GUlceUUfC)e
00066 C
00067 mRITE(8.7)
04069 HEAD (6ee) $METH
00069 C
00070 mRITE(8,8)
00071 NEAD(6es)*AN84E4

,00072 IF (AN8 MEN.EG.TES) 8AVECH(1) s .TRUE.
00073 C
00074 > RITE (4,9)
00075 NEAD(Ge4) AN8 MEN
on076 IF (AN8aEN.EG.YES) 8AVECHt2) e .TRUE.
00077 C
0U078 WRITE (Se10)
00079 READ (8,4) ANSWER
000n0 IF (AN8eEM,EQ.fES) 8AVECH(3) e .IRUE.
00061 C
00082 mRIT((Sell)
00043 REA0(4,41 AN84ER
On08a IF (AN8 MEN.EG.YES) 84WECH(4) e .TRUE.
00095 C
00086 kNITE (8#12)
00067 HEAD (Se4) AN8mER
00008 IF (AN8aEN.EQ.YE8) SAVECH(5) a .TRUE.
00069 C
00090 wkITE (Gel 3)
00n91 NEAD(Ge4) AN8wER
00092 IF (AN84EN.EO.YE8) SAVECH(6) e .TRUE.
00093 C
00u94 ndITE (8e14)
00095 HEA0(8,8) ANSWER
00096 IF (ANSMEN,EW,YE8) 84WECH(7) s .TRUE.
00097 C
00098 dRITE (6,15)
00099 NEA0(8e4) AN84ER
00100 IF (AN8 HEN,EW,YES) mRTSEG e .TRUE.
00101 WHEN (W4T5EG) J8EG(1) eg
00102 ELSE
00103 = RITE (Sel6).

0u104 READ (8,17) (JsEG(J)eJel,5).

40105 ... FIN
00106 a41TE(8 16)
00107 REA0(6,4) AN84ER
00148 C

00109 4 MEN (AN8aER.E4.YES)

I
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(FLECS VENSION 22.46) 17=JON=92 15107:42 PAGE 00003

00110 = RITE (e,19).

READ (8,2) NCHR,(INPPIL(1),let,NCHR)00181 .

00182 INPPIL(NCH4+1) e0.

00113 OPEN(ust f ot,N AMEe!NPF ILe T YPte'0Ln e ,F oRme e UNFURa4 f f ED').

00114 C .

00815 .

00186 httfE(a,20).

00117 ME40(4,17)l8 TAT.

coll 8 C .

= RITE (e,21)00819 .

Opt 2o #E40(self)NSEE.

00121 C .

00122 welfE(e,221.

00123 MEAD (sel7)NFd8f.

00124 C .

00825 hRITE(8,23).

00126 NEAU(8,87)NSTEPS.

00127 C .

00128 mRIIE(te24).

09129 NE 40 ( 0,'17 ) l T PNI.

00110 C .

00131 welTEte,25).

00132 eta 0(e,434N5=EN.

00133 IF(ANSWER.EO.YES) ANALYSE.TRUE..

00134 C .

00115 mRITEte,26).

00136 RE40(9,27)oELTH.

00111 SIMLEN e DELfH * N5TEP8.

00158 C .

0d139 mRITE(8e28).

00140 HEAD (e,2Fl4NALMT.

00141 C .

Cole 2 n41TE(8,20). '
00143 REa0(8,2730EPHIN.

00144 C .

00145 a91TE(u,30).

00146 HEAD (0,2F)PELEV.

00147 C .

00819 ... FIN
00149 El.5E
o0150 NFNSI e 1.

00151 !$fRiel.

00157 UPEN(UNITP2,N4' tee' DUMMY.Dit ', T YPEs'NEW',FQNNe'UNFOMMa f f Ful).

00153 ... FIN
001%4 CLO9E(QNlleA)
00155 IkFLus2
04156 uutFLus3
00151 OPEN(unlis3,NAMEe'nUMMt.Df2'effPEe:NEw',FUHMa'UNFORM4fiFD')

e s e,pogNe UNFURMATTED')OPEN(ug!Te4,N4HEs nygqutogy,lHps,TYPEa Ngu e03158
00159 UPEN(UNI [of,NAMEe8tRlHUTAWY.TMP',ivPte9N[A0, FORME'UNFUMMATTED'l
00160 UPLt< (UM! f e6, N 4MEe ' 5Eu.LSI ', T YPE m e NE d ')
00161 RETUwN
0n162 C

nel63 C ** F ORM A IS **
00104 1 FORNAl(' LENTEN .44*E OF INPui FILE *'l
00165 2 F0H*Ai!4,30Al)
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00146 3 FuNuat('lWO YOU WANT THE INPUT FILE [CHUED (T ON N)>')
onl67 4 FORM 4ft294tl
00168 6 PORMAT('5LNTEN HAEL FILE NAMED')
00169 7 FbHMat(' aHICH JANo CAPACIlY MLTHOD IS TO #E USEDT8/
colto 1 'nEMIER f (inPP Alt ill) 04 C (CULHV)>') ,

00171 e F04 MAT (4900 Vdy DANT SENAIRA NEADINGS [CHOED (Y ON N)F8)
00172 9 FORMAf('5nD TUU * ANT INFLUENT CONCENINAi!ONG (CH0ED (V OH NIT')
00173 10 FORMAL ('600 Ydu a4Nt ELEMENT HATRICES ECHOED (Y OR N!?')

*

00178 11 FuNMAT('SD0 fnd NAHT GEOMETHT AND CONCENiMATIONG ECHOED (T UR N)', -

00175 3 87')
not?6 12 FORM AT('spo You W ANT CONCENTR ATION ECNQED PEFORE AND AF TER Mp0FLO' ,,.
0o37F l ,' (y 04 N37') - -
09178 13 FUNMat('suo you =44T SCOUN/0EPOSITIUM TO OCCUNT (Y OR N)')
00179 14 FURMAl('300 YOU Maaf COMPLETL SCOU4/DLPullTION INF UMM A T ION',,

,

00140 l' NLCONutpf (y 04 N)') _ ,

001A1 15 PONM AT('spo Ynu d ANT COMPLEit ECHun INFONNATION FOM ALL',
00182 l' BEGNEN]S} (V OM h)') ,

09183 16 FUNMA1('stop 4HICH stGHENTS 00 100 WANT COMPLETE ECHO *',
~

Goles 18 INPuMMATinNT (MARIMUM OF 5)')
00lA5 17 fuRMAft%)$) '

r.g

0018h IM FONMatt'5IS 1H15 TO OL 4 NESIANT OF A PNtv!DUS 40N (V OR N)fp')
00lPF 19 FOMMAI(8 %LNIEN NAME OF NESIANT FILE >') _

OulN6 2D 70MHal(8bENTEN IHL HE4 INNING SEGMENT NUMHERD')'
00169 21 FONMAl('tENTEN IHL ENUING SEWNENT NUdp(ND')

'

00190 22 PONMAT('3ENTL4 THE 6EGINNING IIME PLANE NQMHEM)') '

nnl91 23 FONHAT('6LNTEN THE ENDING IINE PLANE NUMSERD')
00192 24 PUNMAf('ltNTLH THL PHINT FHtWUENCYp')
0039) 25 PON" Aft's00 fuu nANT THE TIME SEN!ES ANALYS187 (Y 04 N)>')
00144 26 FudMAl('sLNIEN THE TIME INCREMLNi>')
0089% 27 F04MA1(Fic.0)
Oul96 28 todHAI('lLNTEH THE MINIMUM CONCLNIMAT!UN LIMIT >')
onl*7 29 F9HMAf('tLNTEN IHL MINIMUM OEPIM LIMIT >') ,

volve 30 F ONM A1(' 6L NTEN THE UPSTREAM ELEVATION >')
on199 C
On200 Liso

(PLFC6 vEM680H 22.46)
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(FLEC8V[RSON27[46) IT=JUN.82 15:0T:5T PAGE 00008
,- ,

.............:''.........................
-

,

00008 s~808800 TINE TOFFALtALENs DSO, CSI, HRADe GTule OLOPE, TEMPR, VOL,
00002 t VSE T, 880, GSM, GSL, Glee VU, VMe VL)~

,,

00003 C ,

00004 C THIS OueRouTINE usES T0FFALETTI'8 NETHOD TO CALCULATE TME CAPACITY
00005 C 0F THE FLUM'TO TRANSPONT SAND. A SUMMAMV'0F.fM18 METHOD CAN SE
00006 C FOUND IM. THE ASCE 19T9 E0! TION OF '8E0! MENT AT10N ENGINEERIN8'
0000T C PAGES 209 = 313.

' '

00008 C .-
00009 C FORMAL PARAMETERSg *

OEGMENT L(NETH~00010 C Altd =

MEDIAN GED SEn! MENT DIAMETER (METER 8)00011 C 050 .
,

TOT AL CAP ACIIT OF THE SEGMENT '(NG/0 AV/M)00012 C G81 -

HYDRAULIC MADIUS00013 C HRAD .
TOTAL FLUM MITHIN THE SEGMENT-0001a C 0101 *

00015 'C SLOPE = ENENGY OR M1VEN SED OLOPE
00016 C TEM 9d = MATER TEMPENAtutt ,

VOLUME00017 C VDL .

BETTLING VELOCITT00018 C VDET *

00089 -C
00020 -C CALLED eTI 8AND
00021 C
00022 REAL M4FUNC,M4

'

00023 C
00024 O!HENSION V8 Eft 3)
00025 C
00026 CON 8il e 3.79T5E.5
0002F CONST2 e $.60249Ee22
00028 CONST3 e 2.9T6328E+3
00029 FDIAHeD50 e 3.280833
00010 |MPReIEMPH e 1,80 + 32.0
00011 Ve(GT01 e ALEN / (VOL)) e CONSTt
00432 FHMADeHR40 e 3.280833
00031 C

00034 C FOR WATER TEMPERATURES GREATER THAN 32F AND LESS THAN 100F
00035 C THE RINEMATIC VISCOSITY CAN BE hRITTEN AS THE'FDLLOMINGs
00036 C
0003T VISs4.106E.e a (TMPR ee .0.664)
00038 C

00039 C ASSUMING IHE 050 GRAIN SIZE (DIAM) 18 APPH0XIMATELY
00000 C EWUAL 10 1ME GEOMETMIC NEAN GRAIN 812E AND SIGMA.G e 1.5,
00011 C IHE 065 GRAIN 812E CAN HE DE1F.NMINED 10 BE 1.li e"D50
00002 C

00043 065st.li * FOIAN
00044 CNVoo.il9s + 0.0004M e THPR
00045 CZm260.6T . 0.66T e IMPH
00046 Ital.10 e (0.051 + 0.00009 4 TMPR)
000af limVSET(l' s CONSin e V / (CZ e FHRAD e SLOPE)
00046 IF(!!.LI.CNV) Ziel.S e CNV
00049 C
00050 C THE MANNING =$TRICKLER EQUA110N 18 USEP HENE TO
00051 C DEIERMINE THE Hv04AULIC NADIUS COMPONENT 00E TO
00052 C GWAIN HOUGHNESS (W'). IAKEta FROM THE 1975 ASCE
00053 C '8E0!PENf8 TION ENGINEERihG",PG. 128
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(FLECS vtRSick 22.46) 17.JUN=82 15 07:57 PAGE 00002
00054 C
00055 C

SUBSTITUTIONS art MADE IN EQUATION 2.141 FOR ONEAR VELOCITY00096 C AND K(SUS)S. THE FORMEN IS REPLACED BY EQUATION 2.142, AND00057 C IME LATTE4 8Y D(Sus)6500055 C
00059 NPRIMEs((Ve*I 5) * (065 ee0.25) / (SLOPg me 0.75)) e 0.0034900060 USTARs(RPNIME e SLUPE e 32.2) e* 0.500061 AFUNCa(V!8 e 1.0ES) ** 0.333 / (10.0 * USTAN) , . .

00062 CONDITIONAL
00063 (AFUNC .LE. 0.500) AC e (AFUNC/4.09)ee =1.45.

00064 (AFUNC .LE. 0.660) AC e (AFudC/0.0036)*e0.67.

00065 (AFUNC .LE 0.720) AC e (AFUNC/0,29)ee4.17.

00066 (AFUNC .LE. 1.25) AC e 48.0.
000h7 (AFUNC .GT. 1.23) AC e (AFUNC/0.304)se2.74.
00069 .. 714
00069 C
00070 d4FUNCsAFUNC e SLQPE e 065 e 1.0E500071 CONDI):0NAL
00072 (K4FUNC.LE.0.25) M 4 a 1. 0.

00073
(M4FUNC.LE.0.35) N4 s (K4FUNCest.10) e 4.81.

00074
(N4FUNC.GT 0.35) 44 m (n4FUNCae =1.05) e 0.49.

00075 ... FIN
00076 C
00077 AcuteAC e M4
00078 IF (ACR4 .LT. 16.0)03079 ACn4s16.0.

C3080 44r16.6 / 6C.

000ml ... FIN
00042 OCZus!.0 + CNV = 1.5 e ZI00083 OCZNat.0 + CNV = ZI00064 0CZLs1.0 + CNY * G.756 e ZI00085 ZINVsCNV = 0.756 e II00086 ZMs=ZjNV
00087 ZNat.0 + ZINV
0006A ZJu=0.756 e ZI
00089 ZPs0.244 e ZI00090 20s0.5 * 21
00091 C
00092 C

CLI HAS BEEN MULTIPLIED BY 1.0E30 To MEEP IT FROM00093 C LxCEEn!NG TME COMPUTER OVERFLUw LIMIT00094 C
00095

dMEN((0CZLeALnG10(2.OnFo!4M)=20.0).GT.35.1CL!s0.000096 ELSE
00097

CLIs(1.0E=20)eCONS12 e OCZL * (V en 2.333) / FNRAD ** (ZH) /
.

00096 1 ((TT e AC e M4 * FDIAN) *e 1.667) / (1.0 t CNV) /00099 2 ((FNRAD / 11.24) se (ZN=20./ALUG10(FNNAD/11.243) =00100 3.
((2.DerDIAM)ee(OCZL*20./ALOG10(2.04FUIAM))))00101 ... FIN

00102 4 MEN (CLI,EQ.0.0)C20s0.0
00103 ELSE
00104

C20sCLle(2.0*FPleM/FHRaolee(20=30./ALOG10(2.0eFDIAM/FHNAD))
.

00105 ... FIN
00106 C
00101 C

CHECd TO set IF THE CeLCULATED WALUE JE REASONABLE00106 C (4 200.0). ANU ADJUST If IF lf IS NOT.00109 C

i

,
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(FLICS VERSION 22.46) ti=Juw.82 1510Tl5T ' AGE 00003

00110 IFLC20.GT.100.0) CLleCLle100.0/C2D
00111 C

00112 C CHI HAS BEEN MULitPLIED BY 1.0E30 To MEEP IT FNUM
00111 C EXCEEDING THE COMeuiEH ovtRFLON LI41T
00114 C

00185 C P(808)! APPE441HG IN EQUAtl0NS 2.236He Je n, L, H, AND

00116 C N !$ IHL mflGHT FNACT10N OF TUT AL SAN 0 THAT THE !=fH
812E PH C1804 CONTAINS. 8tNCE hE ANE MODELING ALL400lli C

00188 C SAND A8 A Slu4Lt. 812t FR ACTiuN == P(sus)! e 140, AND
00119 C HENCE 00E8 40T APPEAR IN THE MODEL EQUAfl0NS.
00120 C

00121 n'aE N ( C L I .tG . O . 0 ) CNieu.0
00122 LLSE
0412) CNie43.2 e CLI e 11.0 * CNV) eve (FHRAD ** (ZM)).

90124 . . .P IN
00125 C

00126 kHEN(CMI.E4.0.0)
0012T G80e0.0.

9d12A G8Hau.0.

031#9 COLeo.0, .

00130 G80so.0.

095%I ...flN
90352 ELSE
00135 C .

00134 C CALCULATE THANSpvHi C8*Allty 0F TME UrrtR LefEH
04135 C .

F0llspenap / ll.de00116 .

FD2SerH4AD / 2.5upl37 . G80stCMI e (PDit ee ({P)) e (F025 ee (go)) e00136 .

(FD25 ee (UClu)))) / (QCZu e 1.0 Et30)0o139 1. (PHRAD se (UCZu) =

00140 C .

nolut C CALCULAlE THE CAPActiv Uf THE MIDDLE LAVEH,
'

Oulut C ,

00143 G8pe(CMI e (Full se (IP)) e ((PD25 ee(OCIM)) =
.

00144 1 (FCll ** (UCIMI))) / (OCJM e 1.0E+30) ~
udie5 C .

oolse C CALLULAff THE CAPACITY OF THE LnhER LAYEH
u0147 C .

GSLeCMie (P oll e e (IN=30./ ALOG10 (FD!l))=(2.c eF01 AH) e e t 0C ZL.40146 .

00149 1 So./ALuGlo(2.0ePUIAM1))/UCIL
OnlSo C CALCUL4tE THE CAPACITY nP THE HED LafEH
unl51 C

Outs 2 G3McCMle (2.0 *F o t AH) e e tis.30./ ALOG10 (2.c e F DI AM'))
.

.

00153 ... PIN
90154 0
0u155 Ceeeeeeeenaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees
onl%6 C intal CAPACliY fiP THE 8(bh(Ni (481 HAS UNIIS OF 10N5/ DAY /PT)
00l%F C

ocl59 t.SteGSU + GhH + G 91. + GSB
09159 0
00140 C CD4VEttahG in MG/uef/M
Colet C

Uoth2 b50 m Giu a C044T%
00103 bSH e GSa e CUN3ft
Oulee GSL e GSL e Lowmi)
09165 G56 a bu a Conti)

B.114 i
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(FLECS VER$104 22.46) 17.JUN=M2 15:01:57 PAGE 00004
1

00106 YU a HRAD / 2,5
',00167 Y l* a HW4D / 11.24
|00148 YL 3 2.0 8 05U '

00164 G5InGS! e CnN113 i

100110 C
i00171 NETURN!

'

l 00172 END
|
| (FLECS VERSION 22.46)
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(FLEC8 VERSION 22,46) [7.JUN=R2 15808:08 FAGE 00001

........................................
i

00001 SU6R01) TINE TR ANSP(FERROR,PCOEF,8410, AN10, AB AR, DEPTH,0 LOC,ECH04,
I

00002 i CRUSEC,ECH07, ECH08, ECH09)
I

00003 C ,

On004 C THIS ROUTINE SOLVES INE HA88 TRANPORT EuuATIONS SY AN IMPLICIT
00005 C FINITE.ELEMkNT METH00 A CRANn-NICHOLBON METHOD 18 USED TO '
00006 C APPROX 1 HATE THE 80Lut!ON THN00GH TIME.
0000T C
00008 C VANIARLE DEFINIT!uNS:
00009 C ALEN = BEGHENT (ENGTH
00010 C AMEa = (LEMENT AREAS
00011 C 6 - 8E0 CONDIfl0N8
00012 C 60!v = STANDAdo eEO LAYER THICKNE85
00013 C dE0 - SED THIC4NE88
00014 C C = 4ATER CONDITIONS
00015 C CCIN . CONCENTRATION OF INFLOW

CELL. CENTERED CONCENTRATION00016 C COLO .

00017 C CN08EC = TOTAL CROSB.SECi!ONAL AREA, Meal
PINST ORDER DECAY00018 C DECAV' =

T!HE OfEP (8CCOND8)00019 C DELTH =

STANU4HO ELEMENT THICKNEOS10020 L DELF =

DENSITY00021 C DENS =

O!FFUSION COEFFICIENT00022 C 0FI =

00023 C 01A> = 014 METER
00024 C USHR = CNITTCAL SHEAR STRESS FOR utPOSITION
00025 C D50 = MEDIAN SED SE0!HENT OjAMETER (N)
00026 C E4UDE = ERODABILITY
00027 C FEQROR = PATAL ERNUR FLAG (L*1)
0002M C HMAD = NYDRAULIC RA0108
00029 C MAY1 = LIGHT E4f!NCTION COEFFICIENT OF MATER
00030 C nAY2 = LIGHT EXIINCTION OF SUSPENDED SEDIMENT IN WATEM
00031 C NUE0 = NVH8EN OF RED LAYERS
00012 C NELEM = NUMBER OF ELEMENTS
00033 C PCOEF = FIRST TERN OF THE P40TOLY818 RATE OF CHANGE EGUATION
00034 C POR = FOR081Tf
00035 C ult!N = INFLOW DISCHARGE

~

00036 C 4H007 = QufFL04 015 CHARGE
0003T C WV = VERTICAL U!SCHARGE

CRITICAL SHEAR STRESS FOR SCOUR00034 C SCSHH =

(NERGY ON HIVEM MEO SLOPE00039 C bLOPE =
,

CONTROL VARIABLE To SELECT THE METHOD TO BE USED00014 C SHETH =

00041 C 4 HEN C')NP0 TING THE S AN0 C ARRYING C APACITT. (8TTE)
SE0! MENT EN0810N NAIE00042 C SW =

u0043 C Sidt $$ = HED SHE AR STRESS
NATEe IEHPERAluRE00044 C IEMPR =

VOLU*E000a5 C #0L =

00046 C VSET . PARilCLE SETILING VELOCliY
IHICKNLSS OF TOP 6ED LAYER00047 C XYSO =

00048 C
00049 C CALLED Uft SERATRA
00050 C CALLS: HEuD4, u t p'115, COLAPS, COMH, DISOLV, FALL, PANTIC, SAND,
00051 C SEDINE, SEluP, SILCAL, INISQL
00052 C
00053 INC(dQ( 8E( M$]] ,P4 98
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(PLECE VER8104 22.46) 17.Jua.82 15:00:08 PAGE 00002
00054 C
00055 LOGIC 4ket FENH04, ECH04, ECHUF, ECHOS, ECM09
00056 REALee PRAR,P, Hee

'

00057 C
00054 C
00019 DIMENSION 4(MNELEM), ARAR(MEELEM), 00(10), ILAVR(3), P(MMELEMe3),
90060 1 N(MaELEH), 8(MNELEMe3), 80(MMELEM,6),
00068 2 84(6), s1T(3), Z(MaELEM), SWIO(MNELEM), ANIO(MNELEM)
00062 3 0LDC(MsELEa,MatCON), UE P0 (6), SCOUR (6), SE000(3)
00063 C
00064 INCLUDE 8td4N3. CON'
00065 C
00044 C
00067 OATA 1P31#t.0E*30/ i0#060 C '

00049 NPt e NE(fM 9 1
00070 n(t a NELLN . t
00071 C
00072 C *** 6EAPOMM C ALCUL AT!0N8 OVER THE TINC STEP DELtp ese
00G73 C
00074 DELTD a OELTH / e6400
00075 00 (Jet,MAXCON)
00076 00 (L e le1PI).

00077 R(L) e J.0 ,

00074 90 (N s 1,3) j. .
. .

00079 4(L,1) e C.0
). . .

60080 . . . P(L,N) e 0.0
00361 ...P]N |

,

. .
00082 ...F14.

00083 C .

00094 C
,

.

00085 . 00 (1st,NELEn)
00086 MCDI e 0.0

,

. . 1

00087 IF (I .EU. t). .
00048 $ ELECT (J). . .
00089 (t). . . .
00090 C *RI TE ( 4, t i t 9) N9EU, NELE M, (IL AYN ( N), Nel e 3),ECH07, OME TH, AL EN,80! Ve j. . . . .
00091 C t DELTD,0ELZ,050,HNAO,PON,5 LOPE, STRESS,TtMPR,VUL,MVSO,'
00092 C 2 CRUSEC,((5(N,N),50tM,N), Net,6),(CCIN(M,N),COLO(Meh),

)00093 C 3 C(M,N),461,7),Metelo),(DEN 8(N),8C8HR(N),VSEI(M),NNT(N)e j00094 C 4 Net,3),(uEP0(N),8COUM(N), met,6) '

00095 1189 F04M AT(5X'WEPO4E S AN0'SI3eL2, A2/20(19Et t.3/)). . . . .
00096 CALL SAND (46AR, ALEN, AAEA, 8, WDIV, CCIN, OELTu, DELI,. . . . .
00097 1. DENS, 050, HR AD, NSED, NELEM, PORE OHIN, OHUWie. . . .
00094 2. . . . . SCSMR, SLOPte SMETH, WINESS, TEMPM, veET,V0L,'RTso,
00099 3 . , . . DEPO,ILAV4, 80, 84, NNI, COLO, C,
00100 a. . . . . CROSEcosNIDeECHUF, SCOU4)
00101 C WHITE (6,1120)NdEU NELEMe(ILAYR(N), Net,5),ECHufe8METHeALEN,50!Ve. . . . .
00102 C 1 DELTUeoELZ,0%0,HWAU,P04, SLOPE,8TdESS,TEMPR,VULiXVeu,
00 03 C 2 CROSEC,((6(d,H),5u(n,N), Net,6),(CCIN(M,N),COLU(M,N),
00104 C 3 C(M,4),det,7) Malet0),(DEN 3(h),3C8HR(N),VSEI(M)eNNT(M),
00105 C e Net,5),(DEPotN),scouw(w),ael,63
00 06 1820 FOWHAT(SE'AFTER SA10'513 ELE,42/20(10E10,3/3). . . . .
00107 IF(ECH06). . . . c
00108 WHITE (6,1000). . . . . .
00309 mHEN(ILAVN(t).LT.0). . . . . .

|

|
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(FLECS VER310% 22.46) 17=JUN=92 15808:09 PAGE 00003

MRITE(6,1010) J,ILAVN(1),DEP0(l),DEP0(4),8pftelJeNNT(1),00110 . . . . . . .
(3D(31,4),IIst,nELgN)

' '

nott! 1 . . . . . ,

... FIN00114 . . . . . .
EL3E00113 . . . . . .

MRITE(6,1015) J,ILAYR(1),8COUR(1),8R(1),MNT(l),8CUUR(4),84(4J00114 . . . . . . .
.. r!N00835 . , . . . .

00186 1010 FONMAT(* Je*,12,8 ILAYRe'elle' DEP0e',E15.7,' UEP0(93)e',
. . . . . .

[15.7,' Sos',E15.7,' zNist,E15.7,5X,88D(1,+31s'/00137 1. . . . . .
(5x,8E15.7))00116 2. . . . . .

00119 1015 FORMAf(' Js8,12,8 ILAYRe',II,' SCOURe',E15.7,s SNe',E15.1,. . . . . .
00:20 3 e sh(se,gg5.7,e SCOUR (+ 3)s e ,E l 5'. 7, e 3R(,3)et,Eg$ 7) ' ' -. . . . .
00121 ... FIN. . . . .
00122 1000 F0d4AT('0!N TRANSP FOLLOWING $4ND'). . . . .
04123 ... FIN. . . .
06124 (2). . . .
07125 CALL SILCLA(AMAR, 5, BDIVe CCIN, DELTD, DELZ, DEFTu, WIN 5,. . . . .
0012$ 1. 08HR, ERODE, HWAD, 2, NdEO,COLDeNELEN, PLH, GHIN,. . . .
00127 2. QHOUT, SCSHR, STRESS, VSEl, NY80, DEPO, ILAYN,". . . .

80, 94, XNT, Ce0tEC, Bd10, AL8N. ECH07. acuuN)00126 3. . . . .
00129 !?(ECH08). . . . .
00130 '41TE(6,10do). . . . . .
30131 * HEN (ILAYR(2).LT.6). . . . . .
00132 nRITE(6,1010) J,ILAYN(2),DEP0(2),0EPol51sSD(1,2)eANin2),. . . . . . .
0#133 1. ($3(It,5),IlateNELEP). . . . . .
3413% ... FIN. . . . . .
OL135 ELSE. . . . . . i

ont36 WRITE (6,10151 J, IL A Y R (2),5COUR (2),8 M (2), XN T (2J ,5CouR t!) e 8415 J.. . . . . , .

0W137 ... FIN. . . . . .
00138 ...F]N. . . . .
00139 1020 FONHAT(80!N TRAN5P FOLLONING 83LT'). . . . .
00110 ... FIN. . . .
ontel (3). . . .
00142 CALL 81LCLA(484R, H, 801v, CC1N, DELTD, DELI, DEPTH, DENS,. . . . .

nSHN, EH00E, HRAD, 3, N9EDeCOLD,NELEA, PUR, OHAN,00143 1. . . . .
00144 P. uHOUI, S C SIIR , STRE83, VSET, XY80, OEPO, ILAYN,. . . .
00145 3 80, SN, XNT, C408EC, WHID, ALEN, ECH07, 8CouN). . . .
90146 IF(ECHOS). . . . .
onta7 WRITE (o,1030). . . . . .
09148 = HEN (1 LAY 4(3).LT.0). . . . . .
o0149 aHITE(6,1010) J,ILAYH(3),DEP0(3),UEP0(6),SD(1,3),XNI(3),. . . . . . .
00150 1 (S9(II,6),IInt,NELEM). . . . . .
00151 . . .F IN. . . . . .
00152 ELSE. . . . . .
00191 %HlIE(6,10tS) J,1LAYH(3),5CouR(3),5R(3)eKNT(3),8000R(6),5H(6J. . . . . . .
00154 ...FI4. . . . . .
00155 ... FIN. . . . .
0o156 1030 FUN 64T('0!N TRANSP FOLlualNG (SILI) CLAY'). . . . .
0615T ... FIN. . . .
00156 ... FIN. . .
00159 ...FI4. .
00160 CUN0!TIONAL. .
00161 (J .LE. 3). . .
onlA2 C ndIIE(0,lll7)1,J,%ELEN,AltN,ottiu, ALFA,UETA,vElleVEL2,. . . .
00863 C 1 OELZ, uF e rHe bF.T a t , at i a d, ((Cc l u(9, h), He t ,7 ), ( so( M,1),
00864 C 2 d a t , a ), Ad A R (* ),4NI N (H), uneti t (H) ,'J V (r:1,88 d I D ( H ) , A h l l)( H ) ,
00165 t 3 wet,lu),tsh(-),nsi,n),(vsET(H),nst,33

|

|

|

B.118

|
|
|

. . _ - -



(FLLCS VLNblOh 22.46) IT=JUN=P2 1580At0e PAGt 00004

00166 1187 F uMMa t (Sn'etP ONE stulPC'313/20(10Llo.3/)). . . .
00147 CALL RtulHt(AHAN, ALEN, CCIN, DLL10, le Je NE(EM, uMIN,. . . .
00168 1 . . . wHuul, uve 80, BN, ALFA, ht1Ae vtL1, VkL2.Vbtl,
n0169 2. DLLZ, HNIO. Amin, DEPTH, utlAle SETA2). . .
00170 C melitt6elll9)leJ,NLLLMeALEN,DELID,ALFAeptfA,VtLleVtL2,. . . .
60171 C 1 OLLZeut PIM,$f 14 8,bt I A2p ((CCIN(M,N),Nele ?),(So(M,N),
nelFK C 2 Net,6),AnAN(0),uHIN(H),4Hou1(M),uvtN),uelD(M)eANID(M),
00173 C 1 maleto),(sp(m),mele6),(vstt(m),nel,33
00174 lite '. PONMAt(5m'aPit4 StDimte3tj/20(10010.3/)). . .

0087% IfttCHue) aallt(6el500). . . .
00176 1500 FONdA1('0IN IWAm3P POLLOWING BEDIME'). . . .
00177 . . .P !w. . .
00179 (J .ut. 4 4MO. J .LE, 6). . .
00179 CALL PaNflC(A1AN, ALEN, $, C, CCIN, COLO, DECAY, DEL 10, UP2,. . . .

e BD, SNe ALFAi et|A,I, J, noto, MtLEM, 9Houi, GMIN, ky, SONen00140 8 . . .
vg(1, vtL2,vsti, OLLZ, utPIHe WID,A41DeOctal 2 e. . .
8tt6te 4t142, DaDNe, ULuC)noted 1 . . .

00145 It(tCM06) dNiit(tetSto). . . .
00194 1510 P ud.' A l ( 8 01'4 IdANSP FOLLUNING PANTit'). . . .
00185 ... FIN. . .

(J .tw, 7)00ln6 . . .
C ALL OlauLV(&'t AR, Me GDive Ce CCIN, COLDe utC&Ye DtLZ,00147 . . . .

OtL19, DENS, U14Me I, PAYI, RAY 2, NELLkpHWLUe00100 1. . . .
l'C OE P , PON, GNIN, 9HOUT, GV, 80 HOR, ALFA, blia, vtLI,00899 e' . . . .
vtL2, ut1Al, et1AR. DiPo, SCOUN, 9tD8Je MySD, A*th,'vul90 1 . . .

00191 4 . . . 03uN3, OLOC)
not*2 IP(tCHue) ad!!t(6,1520) (utd8D(!!),Ilete3). . . .
0o193 1120 FONMAl('0IN Id4N8P POLLumlNG Dis 0LV stDeo(1 3) s',3 tit.7)*

. . . .
... Pino u l'a s . . .

0o195 ...Pl>. .

90196 IP(tCH0P) mwilt(6,1530) vtLl,vtL2. .
00197 1530 PONNA1(' vtLt es,tl5.7, lone' VEL 2 e'etl5.7). .
out9a C . .
udl99 C e** C0051NuC1 THE FINllt tLIMLNf MAINICtB FUN taCN L4?tH ***. .
00200 WHEN (J.Lt.3) DIFu5t e OF2(J). .
u0201 LLSt DIPust e OPZ(J.3). .
00202 00(l) e DIFU6t/(DtL!a0LLI). .
09203 up(2) e 6.0 e D(L2. .
0o204 Do(3) e (vtL2 4 e vtLl) / OD(2). .
ooin5 Dute) e (vtt.l e 2 * vtL21 / 00(2). .
90206 Out$) e (d. * vtLl + vtL2) / DD(2). .
00207 pn(6) e (4 a vtL2 = VLLI) / UD(2). .
oudon not?) e ALP 4. .
002n9 uote) e Mtf4. .
00210 00(9) e n[1A1. .

00211 D0(10) e uttAR. .
00212 IP ttCHU4). .
00213 WHIft(6,JS00). . .

PONMAT('O l'elA,'J', hap eppg;)t,y3,eppgg)e,y3,eggg3)e,pg,eppgg)g,y00214 2500 . . .
00215 1. h,' Du(5)',7 n,'00( 6) e ,7 a, e co( 7 ) e , y m,' 00(g j e , F u,'Do(9)', F x,'Ou (10)'). .
onlle mRIlt(e,2000)l,Je(DotkleMulel0)

' '

. . .
PUNNAltisellelsellelx,10(IP(12.a))| 0o217 2000 . . .

( 00288 . . 71 N. .

| 60219 L . .

! 00220 vt.L e st L l/I t t l. .

ou221 If (1.t 9.e48 Lt iO vtLa.bt L2/0Lt i. .
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(FLECS VENSION 22.46) 17.JON=82 15008808 PAGE 0000$ ' |

00222 NIDIN e AnIn(I). .
e0223 CALL SETUP (I, 00, P, 8, R, VELeNELEMeECH04,u!OTN). .

.., FIN00224 .

00225 C .

00226 HALFD e DELTO / 2.0.

00227 Do (L e 1,hP1).

00224 R(L) e N(L) e DELTD. .
00229 2(L) e C(L,J). .
00230 00 (N e le3). .
00231 P1 e 3(L,N)eMALFO. . .
00232 . . . PSAR e P(L,N) t P1
00233 8(L,N) e P(L,N) = P1. . .
00234 P(L,N) e PGAR. . .
04215 ... FIN. .
00236 ... FIN'.

00237 C .

00238 IF (ECh04).

00239 * RITE (6,5760). .
00240 5760 FUNRAT(8 NEFORE COMeeeeeeeeeeeee8EFORE COM8ee').

00241 *N!1E(%,5761). .
00242 5761 F OR A AT ( 8 0400E ',6X, 'P(I,1) ',10 Ne 'P r !,2 3 ' e ley, e p(3,3) e , g g s,. .

'8(1,1) elex,'st!,23 ,10s,'s(I,5)'el12,'I(I)'el2Mi'R(13')00243 1.
h4I TE (6,'5742) (I, (P ( 3,'N ), Ke t e 3), ( t (I, K), Rel e 3),3,(I) , R(I) #

.

| 00244 . .

|
00245 1 . Ie!,4P1)
00246 5762 FORMAT (1N,II,1PSE16.5). .
002ef ...eIN.

0u248 C WRITE (4,1113)NP1,((8(NeN), Net,5),I(M),4(M), Mal,10).

00249 1113 FONMAT(5N'6EPONE COMe'I3/10(10(10,3/)).

I 00250 CALL CQM9(MPI, 8, le R).

t 00251 C WN1IE(4,1114)MP1,((8(N,N), Net,3),Z(M),4(M),Mel,10).
l 00252 1814 FONMAT(SE'AFTE4 COM8'I3/10(10E10.3/3).

00253 IF (ECA04) WHITE (6e6000)(R(L),LeleMPI).

00254 6000 F0dMAT(e R AFTER COMS',8(IPE12.4,2X))
00255 C .

00246 C ese SOLVE THE SYSTEN OF EQUATIONS SY GAUSSIAN ELIMINATION ee*.

00257 C .

40258 C * RITE (6,1111)M*1,P(2,1),P(1,2),P(1,3),(R(N),Metele).

00259 1111 P04M AT(5x'HE8 04E TNie0L'I3/10(10E10.3/)) ~.

00260 CALL TAISOL(dP1,P(2,1), P(1,2)e P(1,3),R).

00261 C mRITE(6,1112)NP1,P(2,1),P(1,2),P(1,3),(R(M),Mel,103.

00262 1812 F0WH4T(Su'AFTER TRISOL813/10(10E10.3/)).

00265 C .

00264 00 (1st,NP1).

00265 GLOC(1,J)aC(1,J). .
00266 C(leJ)ew(1). .
00267 ... FIN.

00268 Comp 0ft. CELL.CENIEWED. VALUES.

00269 C .

00270 ...r!N
00271 CALL ME0HIS(8, Holv, MEO, COLD, DELTD, DELZ, DENg,
00272 1 FtFR9M, ILAVR, NoEO, NELEM, PUN, XM|, NY$U,
00273 2 DLPU, Scoud, MED80)

^

00274 IF(DEC4Y(l).GT.o.ul CALL dEuon(6,UECAY,0EL10,Nb(0)
i
' 00275 WETUaN

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

|

B.120

L



. - __ _ .

i

j

|

(FLECS VENSION 22.46) 17.JUN.52 15804:00 PAGE 00006

! 00274 TO ConPult. CELL =CENTENE0 VALUES
' 00277 C .

00275 C ese COLLAP8E THE N00AL VALUES OF C INTO CELL CENTEMED VALUES.

00279 C IN COLO ese.

00200 C .

00281 D0 (lateNELEM).

00282 COLu(I,J) e (C(1,J) * C(Itt,J))/2. .
00243 ... FIN.

00284 6200 FONH4ft' C IN PROCEDONE Is'e!2.2NelP7E14.4).

00285 IF (ECN04).

00246 IF(J.EG.MauCON). .
00267 4AITE(6,6200)(Ie(C(IeJJ),JJeteNAsCOM),IsleMP1). . .
00285 e4ITE(6,6300)(le(COLotteJJ)eJJet,MANCONieI&teNELEM). . .
00249 .. .P IN. .
00290 ... FIN.

00291 6300 FOMM4f(8
00292 ... FIN

' COLO IN PNOCEDAE Is'eIIe2XelPTE14.4).
~

00293 ENO

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

P40CEDURE CROSS.4EFEREN*E TABLE

00276 COMPUIE. CELL.CENTEREp= VALUES
00266

(FLECS VE8810N 22.46)
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(FLLC4 WENSION 24.46) !?.JUN.62 15908024 PAGE 00001

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

00001 SuuR3ul!NL TN40AT(ECHO, NLDLNH, NELEHe NIN188, NUMENRe
00002 1 SlHLLHe l#8nPT)
00003 C
01004 C THIS H0utlNE IS RESPONBIHLL POR NE A0 LNG AND PMOCES$1NG THE
h0005 C TPlHU1ANY INFLon NASS PLud n4TA. THE DATA 10 NEAD PROM
0u006 C THE INPUT SINEAM (LUN 1) ANO WRll1EN TU 'fMISuf4RT.TMP* (LUN 7)
00007 C FOR USE UuHlho THL SIMULAfl04
000uo C
00009 C FuMMAL PANANLfLH83
00010 C ECHO . LINE PRINTER ECHO UPl!UN CONTNUL VARIAnLE (Lel)
00011 C HLDENN = HOLDING ANNAT FUp ERM09 NUM8fMS (STIE)
00012 C NELEM . NUHetN UP VEN{ICAL EL[H[Nf8
00013 C NuTL NELEM 18 LAILH NtcLFINEU IN HY0 uni'
nuot4 C HTNIUS = NOHNER OF IR!aufARIES (0 UR 1)
0u015 C NUMLNH . HU%8IN 09 INPUI ENNUNS
90016 C SthLLN . SINULAll0N LENGTH (StCONOS . 104)
00017 C 1H80Pt = THluuiANY INPUI CUNINOL (ANIABLE ~
00016 C

00019 C CALLED BVI SERATHA
00020 L CALLS: PultNR
00021 C
00922 INCluut 'LLNB12.PHH'
00023 C
00024 hYt[ HLutputt00)

0u025 C
000/6 INitGthed TNbOPT
09027 C
00udo IN1tGENe4 ENOTIM,PHtflM,8tNLLN
noope C
00o30 LOGICAL *l ECHO
00011 C
0003d plM(N8ing CfMh(MRELEN.hA3 CON)
00033 C

00014 0 ....lR!hufAdf thflow MASS FLDN
0u035 L
00016 C FIHST HLC0hD.....
00037 C
00u)M C Cot. 1. $...Nikl05.... Nun 8EH OF TH150lAHILS (0 UH 1)
00069 C 6 10...lHeuPl... 1R]nutAHy INPUI'UP{\UN
vonno C eng THE usEN MANil THE MODEL TU
00u41 C DISTHItuit THL MA88 FLun THMU
Quo 42 C IHE ELEntNI$.
90043 C als IHL H5EN n!LL SUPPLY THE
00044 C Mass PLux VALUES PON LACH ELEMENI
0001% C

00046 NE4fHD F
onodi C
00048 NLAD(1,2) NIH1Oh,|NHOP1
00u49 C

00350 ft ([LHU) >w!!Li6el) NIHjh$,lHHQPI
0n051 C

00012 IP (NINIHb .GI. 03
0uu53 IPttLHu) wulttto,43.
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(FLECS WERSION 22.46) 17-JUu=n2 15:08:25 PAGE 00002

00054 REPEAT UNTIL (kN0llM ,LW. =9999).

00055 C . .
00056 C CAko !!=8. ..
00057 C COL. !=10...ENOT!H....ENDING TIME PO# THE DATA TMAT FOLLuh8.. .
00058 C A V ALUE OF -9999 TERMINATES THE DATA. .
00059 C (SECON08).. .
000Au C . .
400o1 NEA0(1,n) EnDT!M. .
0n062 C , .

00063 UNLLS5 (EN011e .L4 =9999). .
00061 C . . .
00465 C HEC 0Ru Two.......Tp!MUTANY MASS FLUE AND DEPTH. . .
00nA6 C eneeeen.ee CAUTION eeeeeeeeen, , .

noon? C THE Mass FLUE UNITS ANE DIFFERENT FNOM THOSE OF. . .
00ue8 L 1HITIAL aATEM AND UP8fREAM WATER CONCENTRATIONS.. . .
00069 C HAD10NUCL!DE IS PC/SEC,' PESTICIDE'IS RG/SECi. . .
09070 C SEDIMENT 18 KG/SEC. . .
00071 C eeeeeeeees CAUTION e****eeeen. . .
00072 C . . .
00073 C COL. !=to...CTHN(1,1)...MA88 Flux 0F SAND (RG/Mee3)e(Mee3/SEC). . .
0u074 C ll=20...CTWu(1,2)...MA88 Flux 0F SILT. . .
n0075 C 21=50...CT48(1,3)...MA59 FLU 4 0F CLAY. . .
90076 C 31-40...CT4R(J,4)... MAS $ PLUX OF CONTAMINANT A480CIAftU. . .
40077 C WITH GAND (PC/nG)e(MG/ Men 3)e(Meel/SLC). . .
00078 C 41-50...CTHR(J,5)...MA88 FLUE OF CONTAMINANT ASSOCIAILQ' '. . .
00079 C w!TH 81LT. . .

51-60...CTR8(J,6)...NA88 FLUM OF CONTAMINANT A480cIAft0000A0 C . . .
04091 C WITH CLAY. . .
00062 C 61 70...CTRR(J,7) ...M488 FLUX 07 DISSULVED CONTAhgNANI. . .

*00043 C (PC/Mes3)e(Mee3/SEC). . .
00004 C . . .
00045 aHEN (IRHOPT .EQ. 0) N e 1. . .
00086 LLSE N a aELEN. . .
000m7 Do (Jet,N). . .
00096 REAP (1,1) (CTR8(J,1),lateMAECON). . . .
00069 IF (ECHO). . . .
00010 a4!tE(6,5) ENDf!M,(CTR8(J 1),let,HAXCON). . . . .
uo011 ... FIN. . . .,

00092 ... FIN. . .
00093 WWIIE(7) ENDTIM,((CTRd(J,1),Ist,7), Jet,p). . .
00094 PRETIM e ENDT1H. . .
00095 ... FIN. .
0n096 ... FIN.

00097 NLa!NO 7.

00098 IF (PRETIM .LT. SIMLEN) TALL PUTERR(23, NUMERRe HLDERR).

00099 ... FIN
f 00100 C
'

0J101 NETURN
| 00102 C

00103 i Fud*A1(FFl0.U)'

0010# 2 FORM &l(215)
00105 3 F0H1Al(1HO,4x,'TR14Utany NATA'/14x,15e' e.'NuHelw UF TNIMufANits'
00106 1 /148,15,'...TkIHufA4Y INPUT CONINOL-VARIA0LE')
00101 4 FOR4A1(LHO,*Emp1NG TIriL',lx,3(3u,' CONC. OF',4tle3(IM,' CONC.'
00108 1 8 ASSOC.',2t),2s,'CONTAMIN4NT',7A,' Fled'/13E,'80SPENDED SAND'
00109 2 e l'R e '80SPEnoL0 31LY',1v,'suSPEn0ED CLAY',34,'HITH SANDS.hD, !

|
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00110 3 'w1TM SILT',6N,'WITH Clays,4x,e01880LVED CONC',2X,
00111 a e(M**3/8EC)')
00112 5 PORMA1(2M,11Cata,7(IPE12.5,3X),1PE12.5)
Onll) 6 FORMAf(!!O)
00lle C

'

00115 ENO

(FLECS VERSION 22.C6)
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........................................

0U001 898 ROUTINE TRMFLO(CIN5, CTRTB, ENOTRee ETIME, FERROR, DEPTH,
00002 1 ufLEH, NEWOI, NEN1RW, OMIN, TMSDPT, DEPHIN)
00003 C
00004 C NNEN THENE IS A THIMUTANT 10 THE SEGNENT THIS OutROUTINE I4
00005 C CALLEn EACH TIME STEP TO READ THE DATA PROM LUN T
00006 C WHICH was wNITTEN ,Y SunROUTINE TR8DAI.
00007 C
00008 C FUNMAL PARAMETER $8
00009 C CIRe' . REDISTRIBUTED CONCENTRATIONS
00010 C CTRIn . URIGINAL TRIBUT4NY MASS FLUM
00011 C ENDTMS . ENDING TIME OP THE CURRENT TRIOUTAhY DATA (Ine)
00012 C ETIME = ELAP8ED TIME OF THE SIMULATION (le4)
00013 C FENRuR . FATAL ERROR FLAG
00014 C NELEM NUMSEP OF ELEMENTS.

00015 C CAUTIDMt NELEM HAS BEEN MEDEFINED IN HYD0AT
00016 C SINCE ITS USE IN TR60AT

NEN QHIN DATA FLAG (Lel)00017 C NENGI .

00018 C NEaINS . NEN TRIBUTARY DATA FLAG (Lel)
INFLUN TO CURRENT SEGMENT00019 C WHIN .

00020 C IR50PT . TRI8UTARY INPUT OPi!0N CONTROL VANIABLE (Ie2)
00021 C
00022 C CALLEO Oft SERAIRA
00023 C
00024 INCLUDE '8YtELM512.PRM8
Ou025 C
00026 INTEGERe2 TRt0PT
00027 C
00028 INTEGEHe4 ENDTRO,ETIME
00029 C
00030 LUGICAL*1 NENTRS,NEweleFERROR
00031 C
00032 DIMENSION CTRH(MrELEM,HANCON), CIRIg(MANCON), UNIN(HXELEM)
00033 C
00034 NENTRe a . FALSE.
00035 IF (ETIME .ST. ENDIRS)
00036 NEWTNS a .TRUE..

00037 REPEAT UN11L(ETIPE .LE. ENDTRB).

00038 100 CONTINUE. .
00039 hHEN (TRbOPT .EQ. 0). .
00040 HEAD (7,EN0m200) END1Hu, (CTHIB(J)eJe!,MAncoN). . .
00041 . . .P IN. .
00042 ELSE READ (7,ENDe2003 ENDTNde((CTRa(1,J),JaleHAXCON),Ie!,NELEM). .
00043 ... FIN.

00044 ... FIN
00045 IF (DEP1H .LE. DEPHIN) RETUHN
00046 IF (TN80PT .Eu. 0 .AND. (NLWIRB .OR. NEWQI))
0004T GMTUT e 0.0.

00048 00 (Ie!,NELEM) UNTOT a GHIOT + GH!rl(!) 1.
'

00049 C ese UISTRIoufE THE MASS Flux THNOUGHuuf THE ELEHCi4T8 ***.

00050 C NUlts Ue41TS ANE.

00051 C SEDIMENT WG/8EC.

00052 C P4NTICULATE PC/SEC UH nG/SEC.

00053 C DISSOLVED PC/8EC.

|
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(FLECS VEH810N 22.46) 17=JUN=62 15:08:32 P4GE 00002

00054 00 (Mus,MANCON).

00055 Do (Ie!,NELEM). .
CTRH(1,M) e CINIM(K) e QHIN(I) / OHTOT00056 . . .

''

00u57 ... FIN. .
0005R ... FIN,

00059 ... FIN
09U60 kETURN
00061 C
0C062 200 CONTINUL
00063 FERR0k a .TRUE.
00064 mRITE(6,1)
00065 1 FORMAT (102,eFATAL ERRnh . IRIMUTARY DATA EXHAUSTEOt1
00066 HLTURN
000a7 C
000be ENO

(FLELS VER$1UN 22.4e)
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00001 30HRou11NE TH13ul(MPleDjeDeD2eR)
00002 C CALLED df TWANSP.
00003 C USED IN URIGI,4AL VER$10N Of 8tR A TRA
00004 [NCLUDE 'tLa$ll.PRM8
00005 C
00006 REAled DeNente02
00007 OIMENSION O(MttLEM), Ol(HutLEM), 02(MMELEM), M(MNELEM)
U000d C
00009 NanPt
00010 NisNel
90011 C

00012 C FUR > AND ELIMI'IAllON
00013 C

90014 DutleteNI)
30015 080e01(1)/u(!).

00014 0(l*lleD(!*l).02(1)e010.

00017 R(ItlleH(let).N(!)e010.

00018 ... FIN
00019 C
00u24 C HaCMn4RD SU93filUTION
00021 C
00022 R(N)eH(N)/0(N)
00023 OU (lateNI)
Ouo29 men =!.

00025 R(M)e(4(M).92(N)*M(Mtt))/0(K).

00026 . . .F I N
00021 C

0002n 4t. TURN
00029 END

(FLEC8 VE4810N d2,44)
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00001 SUWROUTINE TRHPos(AMAR, AREA,AWID,ALENeBWID, DELI,EL,

00003 C

'IELM,NELEM,35 AREA,v0L)00002 1
;
'

00004 C THIS SURROUTINE CONSERVE THE GROSS CROSS.8ECTIMAL AREA AS A FUNCTION
00005 C 0F DEPTH UUnthG THE CUNVENSION OF THE REAL CROSS.8ECTION TO ITS
00006 C IDEAL 12ED RECTILINEAR SHAPE.
00007 C
00008 INCLUDE '5VSELMSII.PRM'
00009 C
00010 OIMENSION ABAR(H3ELEM), AREA (MMELEM), Aw!D(MNELEM),
00011 I unID(MAELEM), EL(MnELEM), ! ELM (MaELEM),
00012 2 a8 AREA (MAELEM)
00013 C

00084 C

00015 MLENel./ALEN
C0016 ELTOPeDELE
08017 45eANEA(1)e8LEN
00038 SmID(llewd
00019 anate (httARLA(23eoLEN)e(EL(2).EL(1))/2
00020 Ars6e0
00021 N#el
00022 C
00023 C DETERMINE LOCATION OF TOP NUDE MITH RESPECT TO URIGINAL DATA
00024 C
00025 00(lateNELEM)
0u026 00(JaleMAELEN.1).

0002T 'IF(ELTOP .GE EL(J) .AND. ELTOP .LE. EL(J+13). .
'

EMeEL(J)00028 . . .
EfeEL(Jel)00029 . . .
MBoAWEA(J)eWLEN00030 . . .
nieAhEA(JttleMLEN?0031 . . .

. . . NTsJ0d032
IELM(!)eJ00033 . . .
Eu To 1000034 . . .

... FIN00035 . .
00036 ... FIN.

00037 to CONTINUE.

0003R C .

00039 C LINEARLY !=TERPULATE hlDTH AT ELEMENT'S TOP NUDE.

00040 C .

00041 MTOPedM + (ELTOP.EBje(WT.MH)/(ET.Es).

00092 C .
,q ' Assume TRAP 2010AL SHAPES TO FIND CROSS.8ECTIONAL AREAS.

00094 C .

00045 ARaingwiewi0Ple(ET.ELinP)/2.

00046 Ah4Ie(= TOP +p6)*(ELTOP.LB)/2.

00097 C .

00044 C nETENHINE IF NE. ELEMENT SURF ACES HAVE HEEN PO'JND TO.

onga9 C (A) LIE WITHIN 4 SINGLE DATA SET.

00050 C (M) LIE IN SLQUtNilAL DATA Sila, 04.

00051 C (C) DE SEPAN AIED by DNE OR MORE DATA SEIS.

00052 C FINALLV, FUN 4 THE CROSS.SECIIDHAL ANEA.

40053 C .
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(FLECS VEp810N 22.46) 17.JUN.62 15:00:42 PAGE 00002

00054 IN0! CENT.h8.

00055 IF(INDIC .EG. 0) X5ANEA(I)eAnsT.ApuS.

00056 IP (INDIC .GE. I) kSAREA(IleARhi+ARAS.

00057 IF (INDIC .Gf. 2).

00058 RSAAm0. .
00059 Ont!!epp+1,NT.I). .
00060 xsaness4N+(AREA (II)+ANEn(II+1))e(EL(II+1).EL(II))e9(EN/2. . .
00061 ... FIN. .
00062 AS ANE A(!)exasRE A(I)*me AR. .
000 3 ... FIN.

0006e C .

00065 C DETERMINE AVERAGE VERTICAL PROJECTION, KVERAGE WIOTM, REAL WIOTH,VULUM.

00066 C
~

.

00ut7 Ah!D(I)sx5 AREA (!)/DELZ.

00068 AdANCIjoAmtD(I)aALEN.

00069 edID(!+1)enTUP.

90070 VOLuv0L+x8 AREA (!)eALEN.

060t! C .

00072 C OVER1 RITE INITIAL INFORMATION FOR NEXT ELEMENT.

00073 C
'

.

00074 ELTOPoELTOP+DELZ.

00075 ARA 8sARAT.

00076 8hMusANef.

00077 NesNT.

00076 ... FIN
60079 HETupN
000po END
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(FLECS VERSION 22.96) 17.JUN.82 15:0s 47 PAGE 00001

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

00001 SuBR00i!NL UP$ BAT (ECHO, HLDERR, NUMERR, SIHLEN,UNIDeUEL)
00002 C

0u003 C THIS Roui!NL !$ HESPON81b(E FOR READING THE UPSTREAM INPLOW
00004 C COND1110NS 10 SEbHENT 1. TH( DATA 15 READ FROM THE INPUT eTREAN
00065 C (LUN 1) AND THEN mRITIEN TO '0UMMY.0TI' (LUN 23 FOR Sue 8EUUENT
n0006 C USE 00 RING IHE SlHULATION.
00007 C
00008 C F04 MAL PAWAHE1LpSt
00009 C CCHO . Lidt Ph!HIEN ECHO 08110N CONTROL VARIASLE (Lot)
03010 C HL0tHR . HCLb!NG AHRAY FOR ERROR NUMBERS (UTTE)
00011 C NumENR . NumH'R OF INPUT ERPORS
00012 C 81MLEN . SI''ULAi!UN LENGIN (SECONOR . l*4)
00013 C

00014 C CALLLD HYg SEPATAA
00015 C CALLSg PdTENR
00016 C
00017 TNCLUDg eELN812. pdm'
00018 C
00019 BTTE HLDEHH(100)
00020 C

00021 INTEGERee END11F,PEETIMe SIPL EN
00022 C
00023 LOGICAL *l ECHO
00024 C
00025 01FENSION CCIN(MXELEH,PAACQN), Un10(HXELEM), UEL(HNELEH)
00026 C
00021 REnlND 2
On028 C
00029 IP (ECHO) NRlit(6,61
0003u C

00031 0 .....UPSTME4H lt*F L0 d C0401 TION 8 70 SEGMENT 1
00032 C
00033 RLPEAT UNTIL (Et40 TIM .til. 9999)
00034 C .

00035 C HECORD UnE......

00036 C COL. 1 10...EN0i!M....ENn!NG TIME FOR DATA THAT PDLL0hS...
0003T C A VALUE OF =9999 TENNINAfES THE DATA..

00034 C ( S E C oi.0 8 ).

00039 C Il=ls...NH........NUM0EH OF ELEMENT 8.

16 25...DeLPTH...F.LEVAfl04 0F FREf SURFACE A00VE PED00040 C .

00041 C ,

00042 REA0lle5) *NnTIM, HH, HOEPTH.

00043 C .

IF(EhDils .hE. 9999)00044 .

00045 C . .
00046 C htC040 Tw1......aalEH CHNDITIONS. ONE CARD IS REAn FON EACH NOUL.. .
00047 C THE U4113 0F THE CONTAHINANT CONCENTHATIONS DEPEND. .
00048 C UPON THE TYPE OF CUNTAMINANT (R4010NUCL10L..PC/nG. .
00049 C ON PEiftCIDE. 44/MG). THE Pt.HAAtiCHS ARL NLAD 14. .
feuosu C THE FOL0alNG OMvEdt. .

Ono51 C . .
00092 C PA4A'EIER 1...CU9Cr1ThATION UF SAND (MG/ Pea 3). .

00053 C 2. ..C0 #CE.aIH AlluN OF SIL1 (nG/Me*31. .
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(FLECS VE4SION 22.46) 17= jug =12 15:08:47 PAGE 00002
00054 C 3. . .C04CENTH A TIO4 0F CLAY (MG/Ma*3). .
00055 C

4...CONCENTHATION OF CONTAMINANT ASSOCIATED aITF. .
00056 C 8Anu. .
u0057 C

5...Cor4 CENTRATION OF CONTAMINANT ASSOCIATED aITH. .
00058 C SILT. .
00059 0

6... CONCENTRATION OF CONTAMINANT ASSOCIATED WITH. .
00060 C CLAT. .
00061 C

7... CONCENTRATION OF DISSQLVED CONTAMINANT. .
00062 C . .
nuo65 aHEN(NH .t.T. 0). .
00064 00 (Ist,N*t). . .
00065 RFAO (1,1) (CCIN(I,R), Kat, H4XCON). . . .
00066 ... FIN. . .
00067 ... FIN. .
00068 ELSE. .
00969 AMsH)ELEN. . .
00079 HEsc (1,1) (CCIh(1,K), Kat, MAXCCN). . .
00071 00 (In2,tW). . .
0u372 . . . . Do (nel, MAXCON) CCIN(I,K)sCCIN(I,K)
08073 ... PIN. . .
00074 ... FIN. .
00075 IF (ECHO). .
00076 = RITE (6,4) ENOTIM. . .
0007T nHITE(6,3). . .
00078 00 (TeleNM). . .
00079 MAITE(6,2) I,(CCIN(I,K),MaleMAXCON). . . .
00000 ... FIN. . .
00081 ... PIN. .
00982 C

*
. .

v0043 dRI?Lf2) (NOTIN,NN,UDEPTH,((CCIN(1,M),KuleMAXCON),Is!,NM). .
000>4 PREtIM e ENnTim. .
00005 ... FIN'.

000M6 ... FIN
000M7 IF (PRETIM .LT. SIMLEN) CALL PUTENR(24, NUMERN, HLDERN)0904A C
00099 HEhlND 2
00090 L MECORD THuEE..... CHANNEL CROSS-SECTION DATA00091 C .....UWID == MIOTH OF SEGMENT AT N0uES00092 C . . . . . tiEL == ELEVATION nF NODE A80VE BOTTOM00093

Ce**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenu0094 C
00095 C CAUTIONI
00096 C IF CONCENTRATIONS AME INPUT AT VARIOUS CEPTHS,
00097 C

THE CHAN.4EL CROSS = SECTIONAL DATA NUST BE INPUT00098 C At TNuSE SAME DEPTH 8
00099 C
00100

Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen00101 READ (1,7) N N I t', Uw!OTH, DEL
00102 *-EN (r4w f D.Eu.0)
00103 Eso..

00104 On (InteNXELEN).

0J105 Udit)(!)suntoTH. .
00106 UtLt!)st. .
u0107 EsE+0EL. .
00108 ... Flu.

00109 ... FIN
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(FLECS VENSION 22.44) 17.JUN.42 15 08847 PAGE Gese3

90110 ELSE
00111 READ (1,1) (Unip(I),Ist,NWlO).

NE40(tel) ( 4EL(I)elete#W10)00112 .

IF(NW10.LT.MNELEM)00113 .
00 (I e NW10 + 1,MMELEM)00114 . .

UNID(!) e UWIDTN00!!5 . . .
00116 . . . utL(1) e UEL(1 1) + DEL
00117 ... FIN. .
00114 ... FIN.

00119 ... FIN
00120 IF(ECHQ)
00121 441TE(6,9) ((,Ud!D(!)eleteMMELtd).

eng22 W4IIt(6,9) (I, utL(3), Int,Nz(Ltd).

00123 ... FIN
00124 C
00145 RETURN
00126 C
00127 1 FoeMAfter 4.0)
00128 2 FORM 4 f(22,I3 t ue 6(3R e tPE t 2.5),4X,'PE12.5)
00129 3 FORM 4fttMe,' ELEMENT',1me

9N,' SUSPENSE 0 SAND',11,'SUSPENDE0 SILT',gu,,2Ne'CONTAMIN4NT'/
3(34,' CONC. OF',4X),3(tv.'CUNC. ASSOC.8,2X),o0130 1

Ett$ PENDED CLAT',00131 2
cot 32 3 3x,'dl TH B AN0',6X,'w!TH SILT *.ex,'w!TH CL AT',4X,'DIB80LVED '
00133 4 8dONC.')
00134 4 FORM 4T(tH4,44,Il6e'.. 041A SET ENOING TIME')
00135 5 FORMAf(Ilde!5,P10.9)
00136 6 F0aMAT(lHO,44N,8 UPSTREAM INFL0s WATER CONDITIONS')
0011F 7 FORMAf (15e2F10.9)
00838 a F0pmat (INe,5ex,'s.stCTION WIOTM8'/4(27x 5(13,tPEtt.51/3)e

00139 9 FONH4T (IMO,56X,'t.8EC110N ELEVATIONS'/4(27R,5(13,tPE12.51/3)
00ta0 C
00141 END
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(FLEC8 VERSION 72.46) 17.JUN.A2 15:0s:54 PAGE 80001

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

! 00001 SUBROUTINE MTHDAT(C, ECHO, NELEM)
00002 C

I 00003 C THIS ROUTINE IS NESPON8 tele FOR READING THE INITAL NATER CONDITIONS.
| 00004 C
| 00005 C FORMAL PANAMETEN83
l 00006 C C . INITIAL WATER CON 0!TIONS

4u00T C ECHu . LIwt PRINT ECHO OPT 10N CONTROL VARIASLE (Let)
00009 C NELEM NudnER UF VENTICAL ELEMENT 4
00009 C
00010 C CALLED DVt SERATRA
00011 C
OP012 INCLUDE ' ELMS!!.PNN' '

on013 1.0GICALal ECHO
00014 (NTEGER 841TCH
00011 C
OGul6 OIMENSION C(MXELEM,MARCON)
000lf C
00010 C ....!NITAL WATER Couo!TIONS
ocu19 L
00J20 C 4 SET OF INITIAL NATER CONDITIONS ARE READ POR EACM NODE
40021 C UF THt SEGMENT (ELEMENTS ARE NUMBERED SEGINNING AT THE eCTTOM, .

0Ju22 C (ELEMENT 1), ANQ ENDING WITH THE SURFACE ELEMENT, (ELEMENT #NELEN) t

00023 C
00024 C IF THERE 18 NO VERTICAL VARIAT10N, COLUMNS 1 5 CONTAIN A NEGATIVE
08025 C VALU6 AND COLUMNS 0 15 CONTAIN THE CONSTANT VALOC. NMEN THE DATA ,

'

00026 C 00E8 VANY WITH OEPTH, A VALUE IS READ FOR EACH ELEMENT, THE UNITS
0002T C OF THE CONTAMINANT CONCENTd4 TION 8 DEPEND UPON THE TYPE OF CONTAh!H
00028 C (RADIO 40CLIDE..PC/MG OR PLSTICIDE..K4/MG).
00029 C
00010 C THE UNITS OF THE CONTAMINANT CONCENTRATIONS DEPEND
00031 C UPON THE TYPE OF CONTAMINANT (NADIONUCLIDE..PC/RG
00012 C ON PESTICIDE..MG/MG). THE PANAMETERS ARg READ is
00033 C TMF, FOL0n!NG ORDEN3
00034 C

00035 C PANAMETER 1...CdNCENTRATION OF SANG (MG/Mee))
o0034 C 2...C0hCENTMAT10N OF SILT (RG/M**3) i

on0)T C 3...CuNCENTHAl!0N OF CLAY (MG/Mee)) J
0003e C 4...CnNCENTMATION OF CONTAMINANT ASSOCIATED WITH
0u039 C SAND
00040 C 5... CONCENTRATION OF CONTAHINANT ASSOCIATED WITH
00001 C SILT
on002 C 4...CONCENTNATION OF CONTAMINANT ASSOCIATEu WITH
00043 C CLAY
00044 C T...CuNCENTNAfl0N OF DISSULVED CONTANINANT
00045 uu(ksi,MaxCON)
00046 00LJet,MxELEM) C(Jak)to.P.

0004T ... FIN
00046 C
00049 C
0u050 00 (Kel.dAXCudo
00051 NL40(1,2) 6n t T Ct'.V ALuL.

00052 a HE N I S w I T Cli .LT. 0) i.

00053 C *** PAHi"LTL4 DOES NOT VANY VLHi!CALLY ese |. .
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(FLEC8 VERSION 22.46) 17.JUN.82 15:06:56 PAGE 00002

00 (Jet,HXELEN) C(J,K) s VALUE00054 . .
90055 ... FIN.

ELSE00056 .

*** PAWAnETLR VANIES WERTTCALLY *e*00057 C . .
READ (1,1) (C(J,K), Jet,NELEH+1)00058 . .

00059 ... FIN.

00060 ... FIN
00061 IF (ECHD)
00062 WRITE (6,3).

00463 wAITE(6,5).

00064 DD (Jet,NELEmet).

00065 WRITE (6,4)J,tC(J,K),Kat,HAXCON). .
0904:6 ... FIN'.

i 00067 ... FIN
00068 C
00069 RETURN'

00010 C

00071 1 F 0HM A T ( BF 10,0 )
0007? 2 FORMAT (IS,Flo.0)
00073 3 FORT * A7 (lHO,52X,'INITI AL 4 ATEN ComDITIONS')
00014 4 F UR M A ) ( 34, I2,1 X ,6 (3 f e l PL12.5 ) ,4 X ,1 PE 12.5)
09075 5 F UMM A T (l HO , ' ELEMEN T ' ,1 X ,
Onete 1 3(3X,'CUNC. 0Fe,sM),3(tX,'CCNC. A330C.',2X),2X,' CONTAMINANT'/
00077 2 9t,83uspENDED sano',ts,8308PENCED 31LT8,1X,' SUSPENDED CLAV8,
00078 3 3X,8m!TH 8AND',6X,'w!TH 81LT',6X,'w!TH CL4T8,4X,8DIstoLVED 8
00019 a ' CONC.8)
00090 C
000M1 LND

(FLEC5 VERSION 22,46)

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

*

B.134

- - - . . - . _ _ _

___



i

a

APPENDIX C

SAMPLE INPUT AND OUTPUT FOR SERATRA
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INPlfr
I

3 6LGeE=Th S f!MESTEPS
5 3 traLSE36no. 0.0 v.0

tes,1,0,C teb.30,8350. bello.b.0.hel28.0, 6EGmErdi ! PahanETERS (7,1.67E*6et.22 CR086=6ECT10dAL GEOMETNT 12.32E +5 e 7.03E 4 5,0.6PE * be t . t eE.6,1.35E +6,1.5 tE* *, t.67t+o
I0.0,s.22,2.44,3.se,4.ee. 10,7.32 i

1.0E*3,1.0E= Set.6E=6, FALL YELOCITY
2650.0,2650.0,2650.0 PARf!CLE DENGIIT
1.0E=3.3.0E=5,2.0E=6,2.5E=1, PARTICLE olanETER
1.0,2.G,3.0 CR1f!C AL SC0w# %ME AR STRE380.50,0.10,e.0) CRITICAL DEPG81730N SNEAN $TNESS2.7 4E =6,1. 74 E =6,1.7 4?.=6,
6.CE=3,6.0E=3,6.9E*3.6.0E*3

.0.25,1.2%,2.bc l.16E=5,1. tee =5,1,16t=5,0.8,0.r,e
S.0,

2.5 8,12.5,25.0. l .167 S,1.16 E =5, s . i tE * 5, C . 0,3. 0,
0.U.
0.0,0,0,t.0.0.0,0.0.0.0.0.0.0.0,
f.e6.,0.,
0,0.0.0.0,0,0,
*l,0.6o
=1,0.12
=1.0.07
=1,s.3
=1,0.0
=1,6.0
=1.2.0E=3
al,6.et=3
al.2.0t=3
=1,3.54E=6
elet.77E=5
at,3.54E=5
* Ret.42E=6
2160006,=1 7iadvt=3,s.0E=e$,c.0L-3,3.S=L=nt.77E=5,3.54t=5,1.42E=6,e
=9999,
5,274.3,s.22
103.6,892.0,201.2,222.5,274.3
0.0,1.22,2.44,3.te,4.et,
0,

2160000,1019.e,10 e.ae5.ee,12.5
=9999,
7,4,1.0,0.1,0.36,16050.0,116.9,0.5, Taut SEGMENT 2 PARAMETER 67,5.3tE*6et.22
5.63E+5,1.78E+6,2.96E+6,3.69E+6,4.26E96,5.03E+6,5.3tt+6
0.0,1.22,2.ne 3.ee,4.ee...to,7.32,
1.0E=3,s.0E=5,1.0E=6,
2650.,2650.,2650
1.0E=3,3.0E=5,2.0E=6,2.5E=3
1.0,2.0,3.0
0.50,0,10.0.0)
f.74E=e,1.74t=6,1.7aE=6
6.0E=3,6.0E=3,6.0E=3,6.oE=3
0.25,1.25,2.50,3.16E=5,1.16E=5,s.16E=5,0,0,0.0,
0.0
2.5G,12.5.25.0,1. tee =5.1.16E=5.1. tee =S,0.0.0.6,
0.0
0.,L. 0.,9.,0.,0.,0.,s..
0.ec.,0.,0.,
=1,u.8o
=1.0.12
=1,0.02
=1,0.0
=1,0.h
=1,0.0
=1,2.0E=3
*le6.0E=3
=le2.ot=3
=le3.StE=6
=1,1.7FE=5
at,3.5eE=5
=let.42E=6
0,

2164200,1019.0.1019.Dee.84,12.S
-9999,

1
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7,4,1.0,0.~.,c.36,16050.0,116.9,0.5,7 Rut ettethi 2 PAR 6 METER 6
7,5.3tt+6,'.22
5.63E+5,1.*8E+6,2.96E+6,3.69E+6,4.26E+6,5.03E+6,5.31E+6
0.0,1.22,2.se,3.em,6.88,6.lc,7.32,
1. 0 E= 3,1. 0E =5, l . 0E =6,
265C. 2650.,265e.
1.0E=3,3.0E=5,2.0E=6,2.5E=3
1.0,2.0,3.0
0.50,0.10,0.01
1.74E=6,1.74E=6,1.7eE=6
6. 0t = 3,6. 0E =3,6. 0 E = 3. 6. UE= 3
0.25ct.2b,2.50el. lee =>,1.162=let.16E*5,0,0,0.c,
0.0
2.50,12.5,25. 0,1. l eE = 5,1. l eE=5.1. l t E =5 e t . 0. 0. 0 e
0.0
0.'0.,0,e0.,0.,*.,0.,9.,,

0 ,0 s ,0. e *b . e
= l ', e . 3 6

=le0.12
=1.4.02
=1e0.0
=1,0.6
=1,0.0
=1,2.0E=3
=1,6.DE*3
=1,2.0E=3
al.3.56E=6
-3,1.77E=5
ale).5=E=5
=1,1.42E=6
0,
2160 30 0,1019. 0 1019. 0,6. 8d,12.5
9999,

9,4,1.0,0.1,0.36.16050.0,113.e 0.5,7NJE SEG9EN7 3 PARantiEwae

9et.07E*7,1,22
5. n eE +e,5. t eE +5,9.79E +5, t .52E+ =e 2.e9E+ 6,3.67E+6, e.60E+6,6.70E+6
1.07E+7,
0.0,1.22,2.64,3.en,s.et,s.10,7.32,6.5e
9.7e,
1.0E*3,1.0E=5,1.vE=e,
265c. 2650.,2650
1.0E=3.3.0E*5,2.0E=e.2.5t=3
1.0ed.0,3.0
0.50,0.80,0.01
1.7eE=e,1.7eE=6,1.7eE=e
6. 0 E =3,6. 0E = 3,6. 0 E= 3, s. 0 E =3 .

0.25el.25,2.50,1.16E=Se1.16E=5,1.16E=5,0.0.0.0,
0.0
1.5 0.12. 5. 2 5. c l . l e E = b ,1,16 E = 5,1.16 E = 5,0,0,0,0,e

0.0
0.,0.,0.,0.,0.,0. 0.,0.,
0.,0.,0.,U,,
=1,0.no
*1,0,12
=1,0.02
=1,0.0
*1,0.0
=1,0.0
=1,2.0E=3
=1,6.0E=3
=1,2.0E=3
=1,3.54E=6
elet.77E=5
=1,3.5eE=5
=let.42E=6
1,0
2160000,
0.,0.,0.,0.,0.,0.,2.05E=4
=9999,
2160000,1019.0,1019.0,e.63,12.5
=9999,

'
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INTEGNAIED VALUES UP 10fAL MAES 04 CQhTAMINANT 84 LACn LLantal

SuaPEmnto SuSPtn0Lc 3USPkNDEd CONT 4pthaNT CQ4IAM]44hl LQ4fantheNI pl33OLety
tLtNtml SAiv SALT CLAf utiM 3440 <4fn stLI ntire GLAT* CuglemtNAMt

n. nG us as 4G ns ase 1.19mJt+0e 3.ShtdL+04 1.1449t+04 e.25tdE=02 6.d+2tL=93 g.tveitaal s.edevteest 2.3407E+03 9.97edE+03 3.33e5E,03 6.750eE=03 3.765eE=e8 8.telitadt 2.3stst+ee2 2.4909t+e3 d.7474L*01 2.9326E+03 4.60eeE=03 1.5552E=el 8.wa80t=W1 2.8eteL*0sJ 3.20ddted3 7.505FE+03 2.4965E+03 9.0842E=03 3.3284L=dt e.eeest-e2 8.7#7bt+0v4 3.2nd9tt03 S.95e%f+d3 3.9692E*03 9.947eE=03 1.0494L=st e,9Fugt=o2 1.4u0eE+ue5 2. 514 3E e v 3 3.353tE+03 1.sto3E+03 7.26tvt=03 5.9345E=bd 3 *383t=v2 '.tveta=ct

FLUX OF SEUtMENT = ASS 04 C09fantNegt INFLUE41 TO ELENthi

SUSPE=0Ep SUSPE=nEn SUSPtNnEn C0gf ApjgANT C04W AMINANT C0=t aginant utespLvtp
ELEMEgr 34wu atti CLav utfM SAND WIIM SALT utte CLAY Cud $AMirant

eG MC KG 4G F.G ps as
0 7.5397E*03 2.2419E+0e 7.3397t+03 2.5782E=o2 3.8974E*et 2.59e2t=ot 5.21:2t+es2.29a9t+03 6.8F27t+p3 2.2909t+03 5.1094E=03 1.2165t=88 e.199eE=U2 8.6265E+0e
2 3.9277t+03 5.7932E+43 8.9277E+03 6.0242E=e3 1.0256E=0! 6.8242L=v2 1.368FE+0e
3 1.5345E*03 4.6036E*43 8.S345E+p3 5.4322E*03 8.te43E=e2 6.e322E=dt 1.ee9&E*00.c3 4 3.1517E+03 3.155dE+e3 3.9517E+03 3.7229E=e3 5.5estE*04 3.72d9E=W2 7.et69E=stJh 5 5.3485E+02 1.6085t+el 5.3445E+02 1.0938t=03 2.8400E=92 f.m93eE=ut 3.79f6E=61

Flut OF SEDtMENT MASS 04 CONTAMINANT PFFLSENT F40M {Lghght

SUSPE=9EO SUS *Ed9EO SUSPLhDEO Comf ANINANT CONT AMINANT CDaT AMINAh! ot 30Lvtp
ELtpE4r 9490 SALT CLAY MifM 5A40 hiin stLT 'stin CLAY EuMIANimANT

K4 nG KG ns (8 as ' 45 x
i 0 7.7602E903 2.20e9E+04 7.3376E+e3 2.5402E=e2 3.8994t=81 2.59Fetast 5.2flot+es

1.987eE+03 6.9928t+03 2.3357E+e3 6.5et E=e3 1.2377E=0 4.26t9E=e3 8.66sst+eo
2 1.99 tee *03 5.8562E+03 1.9532E+e3 6.35eeE=83 1.4965E.01 6.9 tete =W2 3.3882E+0e
3 3.7730E+03 4.655eE+o3 1.55est+g3 5.7906E.93 8.2394E=e2 S.e499E=e2 1.ic22E+ee
a 1.430eE+a3 3.262tE+03 1.0853E+e3 4.67e9E=e3 9.7736E=e3 3.eet&E=da 7.7827E=st
5 6.380tE+02 1.2etlE*43 4.3265E+et 2.se47E=e3 2,t9eetata 1.4697t=dt 2.9323E=83
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INTEGRATED WALute UF total M40s OR CONF 6m!N64i IN THC SED

ELEMENT saNo gEIGHT stLT *EIGHT CLAY >EleHT COMYAMINANT GONTAMINANI CONIAMINANl
WITM caec witn stLT sifM tLat

KG MG Re M6 MS MG
1 1.5859277E+07 2.283279eE906 3.6ee799tE+05 0.sessedeE=el e.ococod6E=et 0.ecoce65E=el2 2.643639eE+07 3.6087997E*06 6.teF9994E+05 0.00000001.G1 v.0000000E=ot 0.0000000t=0i
3 2.6a3639eE*07 3.6847997E+C6 6.8479994E+05 0.000eo40E.J1 e.00000001 01 o.Wetesect=0!4 2.e43639eE+07 3.68e7997t+06 6.1tF9994E*05 c.coe0000E=e1 0.0000000E=0! 9.saedoest=en

(1) OLOC + INFLUEh? - EFPLLIENT
(2) NEaC = (t)
(3) NEaPE0 m SUMM4Tt0* (u t t ,J) e votisnt *DE N SI T Y)
(4) NEmeED = OLOPED + (2)

eahD SILT Clay W/SANO N/etLT W/CLAT UtseULVtp IUf4L C04:44tNaNIRG MG MG 40 NG RG Md' MW
'

t.14te569E+04 3.5555523E+0e 1.te4916cE*04 a.25te605E=02 6.2927920E=01 441947168E=ot e.4075FF5Etot 9.49es470Etos2.561456tE+03 1.5625000E=o2 3.9062500E=o3 =6.st35560E=o6 =7.2240029t=05 =0.e369169t=o5 2.23563ttE=v2 2.22220stE=da9. Site 472E+07 t.327*679E+07 2.213279eE+a6 0.0000000E=08 0.00080esE=0! 8.000v000t et
~

e.0e000644 011.e560547E+00 1.5625000E=a2 =2.5390625F=0! -6.el35560E=ot =F.22408291 05 4.83698696=o5 2.22220 set =e2
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