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Abstract

This document describes the sediment transportostibes and input files for the Sandia
National Laboratories Environmental Fluid Dynami@sde (SNL-EFDC). Detailed descriptions
of the input files containing data from Sedimentoston at Depth flume (SEDflume)
measurements by Roberts et al. (2003) are provigledg with a description of the transport
model developed by Jones (2001; Jones and Lick)20€ferred to in this document as SEDLJZ.
This model is unique in that it directly incorpast SEDflume data. Both a theoretical
description of sediment transport employed in SNHBDE and an explanation of the source code
are provided. This user manual is meant to be userbnjunction with the original EFDC
manual (Hamrick 1996). As such, a description abibet hydrodynamics of EFDC is not
provided in this report.

Through this document, the authors aim to proviwertecessary information for users who wish
to implement sediment transport in EFDC and obdattear understanding of the source code.
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Introduction

This document describes the Sandia National Laboest Environmental Fluid Dynamics Code
(SNL-EFDC), which is a modified version of the EBApublic-domain surface-water flow,
sediment transport, and water-quality model dewedopy John Hamrick while at the Virginia
Institute of Marine Sciences (Hamrick 1992). EFDxdates flow and transport of sediment (in
bedload and in suspended load), algae (includingvthr kinetics), and toxic substance (kinetic
reactions and transport). SNL-EFDC improves EFDChwupdated sediment kinetics
subroutines (e.g., sediment exchange with the Hed¢loped by Jones (2001; Jones and Lick
2001). Sediment erosion is calculated using dalieated with a Sediment Erosion at Depth
flume (SEDflume). SEDflume measures erosion rages dunction of shear stress and depth
from relatively undisturbed cores taken directlynir the sediment bed below the water body of
interest. The use of SEDflume data provides momurate sediment erosion rates that are
directly input to the model.

The SNL-EFDC code includes the following subrouting_main.fo0 , s_sedic.fo0
s_shear.fo0 , s bedload.f90 ,s_morph.fo0 , s_sedzlj.fo0 , andSCANSEDZLJ.f90. The main
subroutine § main.fo0 ) calls the other subroutines, orchestrates the engal sediment
transport process, and outputs the sediment flda ttathe main EFDC code. The initializer
subroutinesy_sedic.f90  andSCANSEDZLJ.f90) read data from the input files and convert the
SEDflume data into EFDC variables. The shear sulmeus_shear.fo0 ) calculates the shear
stress from the velocity profile output of the hydynamics portion of EFDC and any wind- and
wave forcing functions. This shear stress inforomatis used to determine the erosion and
deposition processes in the sediment transport. Aédload subroutines (bedload.fo0 )
calculates the probability of a sediment particlspended in the water column or transported as
saltating bedload. It also calculates the sedimwedload flux and the bedload sediment
concentration. The primary sediment dynamics subreuis the SEDZLJ subroutine
(s_sedzli.foo ), which calculates the erosion and depositiorhefgediment layers, determines
the change in the bed layer’s thickness, and iruratps the data read in bysedic.fo0  in
sediment transport. Lastly, the morphology subrmuti6_morph.fo0 ) allows for the
incorporation of the changing hydrodynamic boundawgditions due to sediment erosion and
deposition. These sediment transport subroutinestluge input files that contains SEDflume
data. These input filegrate.sdf , bed.sdf , andcore_field.sdf ) are read in by_sedic.f90
andsSCANSEDZLJ.f90 . Detailed description and examples for these ififag are given below. In
addition, a variable dictionary is provided at &ral of the report.



SEDZLJ Sediment Input Files
ERATE.SDF

The example input filerate.sdf  shown in Figure 1 contains erosion rate data fr&Dffume.
First, data about the thickness of each of thelager is provided in centimeters. The first two
bed thicknesses are always zero (0.0) to accounhéoactive and deposited layers (this point is
described later, e.g., the section on S_SEDZLJ.FJt) top two layers will have thicknesses if
there is deposition or armoring, otherwise they wave no thickness (when the dynamics are
purely erosive). Thicknesses may increase or dseraacording to subsequent deposition and
erosion. Note that the minimum number of layer3.i& dimensionless multiplier for the active
layer thickness (TACTM) follows the layer thickness In addition,erate.sdf ~ can have
multiple core samples (although data from onlyrgls core appears in Figure 1). The sediment
bed will have different sets of core data as spetifin core_field.sdf with integer
identification (1, 2, 3, etc.) corresponding to treler of each core’s data seterate.sdf . As
shown in thecore_field.sdf file in Figure 2, the numbers 1 and 2 corresponthéofirst and
second data tables &mate.sdf , respectively (note that only the first line ofre® is shown).
Within each table, the critical shear stress valaes listed for each of the bed layers (4.25
dynes/crfi in our example). The number of bed layers is digetin Card 36 of the main input
file efdc.inp , as well as inbed.sdf . Critical shear stress for erosion (in dynegjcia the
minimum shear stress necessary for erosion to ottr next set of inputs describes the bed or
sediment core density, which accounts for bothdssdidiment density and porosity of sediment
particles. The water density and the solid sedintamisity are listed next. In the example in
Figure 1, the water density is reported at STP.@g/knt and the solid sediment density is for
quartz at 2.6 g/cth The particle size distribution as a percentagbsted after the sediment
density information. In the filefdc.inp , the number of particle sizes, NSED (also refetceds

the number of particle size classes), is specifietioth Card 22 dfdc.inp ) and inbed.sdf .
Next, erosion rate data are listed. The erosiom data start with the value of the applied shear
and the following line provides the erosion rate éach sediment layer at that shear stress. In
Figure 1, the applied shear stresses are 0, 2,10, &nd 20 Pa, and the erosion rates are listed i
cm/s. For multiple core samples, critical sheagssty bulk density, particle size distribution, and
initial bed erosion rates are reported in the skomaat, below the first set of core sample data.



khkkhkkkhkhkkhkkkhkhkkhkhhkkhkhkhhkhhkhkhkkhkhhkkhkhkhhkhhhkhkkhkhhkhkkhkhkhhkkhkkhkhhkkhkkhkkkhkk,kxk,k*x*%x

NOORARONOOHENNNNDNIHK

TR EMFOEOR

Layer Thicknesses (cn) #

.0 0.0 15.0 15.0 15.0

Active Layer Thickness Multiplier #
0

Critical Shear Stress for Erosion(dynes/cmt2) #Data for sedinent 1

.25 4.25 4.25 4.25 4.25

Bed core Density (g/cm3) #

.9 1.9 1.9 1.9 1.9

Water Density (g/cnt3) and Sedi ment Density (g/cmt3) #

1.0 2.6
Particle Size Distribution (% #

. 955 6.649 12. 664 13.493 14.679 27.094
. 955 6.649 12. 664 13.493 14.679 27.094
. 955 6.649 12. 664 13.493 14.679 27.094
. 955 6.649 12. 664 13.493 14.679 27.094
. 955 6.649 12. 664 13.493 14.679 27.094

Initial Bed Erosion Rates (cm's) #

.0 !'shear stress 1

. 0O00OE+00 0. 0O00E+00 0. O00E+00 0. 000E+00
. 00000 !shear stress 2

. 0O00OE+00 0. 0O00E+00 0. O00E+00 0. 000E+00
.00000 !shear stress 3

. 000E- 05 8. 000E-05 8. 000E-05 8. 000E- 05
.00000 !shear stress 4

. 000E-03 7. 000E-03 7.000E-03 7.000E-03

10. 0000 !shear stress 5

1

140E-02 1. 140E-02 1. 140E-02 1. 140E-02

20. 0000 !shear stress 6

0.

649E- 01 0. 649E-01 0. 649E-01 0. 649E-01

O ©O OO

1.

0

. 223 10.231 3.184
. 223 10. 231 3.184
. 223 10.231 3.184
. 223 10. 231 3.184
.223 10.231 3.184

. O00OE+00 'erosion rate of each | ayer
. 000E+00

. 000E- 05

. 000E- 03

140E-02

649E- 01

# Critical Shear Stress for Erosion (dynes/cnt2) #Data for sedinment 2 (sane

structure as above)
kkhkkhkkkkhkhkkhkkhkhkkhkhhkkhhhkkhkhhhkhkhhkhkhhhkhkhhhkkhkhhhkhkhhkhkhhhkhkhhkkhkhhkkhkhkkhkhkhkkk,kx*x*%

Figurel: Theinput filefor erosion rate data from SEDflume: er at e. sdf .



CORE FIELD.SDF

The core_field.sdf file specifies which core data set listed drate.sdf  corresponds to
which cells of the bed. The first entry in the fikethe number of different data sets (or the
number of different data cores collected). Aftee thumber of cores, a matrix with the core

identification number for each cell (defined in ted.inp  andecellit.inp files). Note that
the core data exist for water cell (active cells)d anon-water cells. In the example
core_field.inp file in Figure 2, the model has 9 rows and 15 cuis.

*k%k *k% *kk *k% *hkkkhkkkhhkkkk

2 Number of cores

222111111111111
222111111111111
222111111111111
222111111111111
222111111111111
222111111111111
222111111111111
222111111111111
222111111111111

*hkkkkkkkkhkkkhkkkkhkkkhhkkhkhkkkhhkhkhhkkkhhkkhkhikxxkx *hkkkkkkkkhkkkk

Figure2: Theinput file for sediment bed cores of each cell in theentiredomain: core_fi el d.i np.
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BED.SDF

The input file bed.sdf  contains information about the sediment bed lay&hse first line
contains names of the model parameter flags, wkiekees appear in the second line. When
VAR_BED = 1, variable sediment bed option is adida resulting in the usage of data from
core_field.sdf , allows the model to incorporate spatially varysegliment characteristics. The
BEDLOAD flag for bedload transport appears nextQNHL is the flag that activates adsorption
of toxics onto sediments. KB is the maximum numisesediment layers, and should coincide
with the KB value in Card 36 of therDC.INP file. ISEDTIME is the number of time steps
before sediment transport is activated. This opéilbows the velocity profile to develop before
sediment transport occurs. The ISMORPH flag activanhorphology calculations for cases when
erosion or deposition of sediment on the bed Sicamtly changes the geometry of the system.
ISMORPH incorporates the change in geometry ineohydrodynamic model. IFWAVE is the
flag that turns on wind-driven waves that introdumgditional shear at the sediment bed.
MAXDEPLIMIT is the maximum fraction of sediment in the bottoatev layer allowed to deposit
onto the sediment bed during a single time steph@uld usually be 1.0 unless instabilities are
observed). ITBM and NSICM are array parameters H@adsCANSEDZLI.f90. ITBM is the
number of different SEDflume shear-stress intemuslaused to calculate erosion of newly
deposited sediments. These values are listeelsdf  and in the example from Figure 3, they
have values 0, 2, 4, 8, 10, 20 Pa. NSICM is the bmimof size classes of interpolants used to
estimate erosion rates of newly deposited sedin@escribd below). ZBSKIN ym) is the
roughness parameter. This parameter accounts fibr ¢p@in-size roughness and bed-form
roughness (topographical variations from dunesrgples at the bottom of the water body). If
ZBSKIN is zero, then each model cell's roughnedbéslocal average particlar(), the average
particle diameter in the cell. TAUCONST (dynesfiis an option that, when greater than zero,
allows the user to set the shear stress to a eunstlue in the flow. If TAUCONST is zero, the
stresses are calculated from the velocity profsutting from the hydrodynamic model. The
next line of data contains the discretized sizansent classes in units of micrometers. In the
example file in Figure 3, there are nine differsizie classes used to approximate the sediment
distribution for the model of interest. For eachtloése size classes, the discretized diameter
(D50; um) is listed, and values of critical shear for @ngTCRE; dynes/cf) and critical shear
for suspension (TCRSUS; dynesfrin units of dynes/cfare reported in the following lines.
The critical shear for erosion is calculated acoardo Soulsby (1997) and the critical shear for
suspension is calculated according to equationsaf@) (9) in Van Rijn (1984b). These two
values are used to calculate the fraction of sediinmesuspended load versus bedload. The rest
of thebed.sdf input file contains information for newly depositsediments from SEDflume.
Newly deposited sediments are defined as those htha¢ undergone erosion (and perhaps
suspension) and have then settled on the bed afagnnext line of data provides the NSICM
interpolant sediment size classes, SCLOC(1:NSICMp)( For each interpolant size class
(SCLOC), the critical shear stress for erosion (ORITE; dynes/crf) is provided. These
values are either site-specific data from SEDfluunean be calculated according to equations
(6) or (9) and (10) from Roberts et al. (1998).thasa table of erosion rate data for the newly
deposited sediment is listed (ENRATE; cm/s). ENRASEalculated for each SCLOC at the
shear values listed wrate.sdf (0, 2, 4, 8, 10, and 20 Pa). These are typicéyspecific data

or from Table 1 of Robert et al. (1998).
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kkkkkkkkkkkkhkkkkkkhkkkhkkkhkkhkkhkkkhkkkkhkkkhkkkhkkkhkkkkkk

# VAR_BED Bedload Nequil KB ISEDTIME IMORPH IFWA
1 1 0 5 100 0 0

# ITBM NSICM Array Parameters #
6 8

# ZBSKIN (>0 sets z0 in [um]) TAUCONST [dynes/cm”2]
1500 10

# Discretized Size Classes D50(K) [um] #

237.7 427.0 603.5 853.5 1070.5 1570.5 2415.0

# Critical Shear for Erosion TCRE(K) [dynes/cm2] #

15 2.4 3.3 425 7.6 9.5 10.8 16.24.8

kkkkkkkkkkkkhkkk

VE MAXDEPLIMIT#
1.0

(> 0 to set constant) #

3415.0 5450.1

ISoulshy 1997

# Critical Shear for Suspension TCRSUS(K) [dynes/cm 21 #
152.64.521.253.667.387.9122.6192. lvan Rijn 1984b Egs. (8) and (9)
# Sediment Bed Size (um) Tables #

125.0 222.0 432.0 1020.0 2000.0 2400.0 3000.0 6000.00

# Shear for Erosion of Bed Surface (dynes/cm”2) #
1.20 2.27 2.96 4.17 5.46 5.88 6.42 8.48

# Erosion rates for active and deposited Layers (cm
1E-9 6.60E-5 4.66E-4 3.29E-3 6.17E-3 4.36E-2

are for the 6 shear stresses specified in ITBM and
the initial bed erosion rates.

IRobert et al. 1998

eqgn (6) or (9) and (10)

/s)# IRobert et al.

1998 Table 1

1125 um !These six values

defined in erate.sdf as

1E-9 5.97E-5 5.97E-4 5.96E-3 1.25E-2 1.25E-1 1222 um

1E-9 3.65E-4 2.16E-3 1.27E-2 2.25E-2 1.33E-1 1432 um

1E-9 2.01E-4 1.14E-3 6.51E-3 1.14E-2 6.49E-2 11020 um
1E-9 2.25E-5 1.63E-4 1.19E-3 2.25E-3 1.63E-2 12000 um
1E-9 1.12E-5 8.40E-5 6.28E-4 1.20E-3 8.98E-3 12400 um
1E-9 3.96E-6 3.07E-5 2.28E-4 4.59E-4 3.56E-3 13000 um
1E-9 2.03E-8 1.67E-7 1.44E-6 2.88E-6 2.49E-5 16000 um

kkkkkkkkhkkkkhkkkhkkkkhhkkhhkkkhhkkx *k% *k%

*hkkkkkkkkhkhkkkk

Figure 3: Theinput filefor sediment bed layer information: bed. sdf .
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SEDZLJ Sediment Source Codes
S SEDIC.f90

This routine reads in the three input files andculates several sediment transport variables.
First, s_sedic.f90 opens the three input files:

OPEN(UNIT=10,FILE="erate.sdf")
OPEN(UNIT=20,FILE="core_field.sdf")
OPEN(UNIT=30,FILE="bed.sdf')

Variables inbed.sdf are read first. The first two lines after the linentaining STR_LINE
contain flag options. After these flags, the rouggsiand shear stress are loaded. After the shear
stress comes the discretized particle size cla@3®8). The critical shear stresses for erosion
(TCRE) and critical shear stresses for suspendi@REUS) for each sediment size class (D50)
are read next. The fileed.sdf will also be read later for newly deposited seditansport
information. Note that NSCM is the number of sediingze classes (from EFDC), and should
equal NSICM.

READ (30,'(A80)") STR_LINE
READ (30,%) VAR_BED,NCALC_BL,NEQUIL,KB,ISEDTIME,IMORPH_  SEDZLJ,IFWAVE
| FIMORPH_SEDZLJ==1.AND.(IMORPH/=0.0R.ISGWIT>=2)) THEN

PRI NT*'EFDC and SEDZLJ MORPHOLOGIES BOTH TURNED ON'

STOP
ENDI F
READ (30,'(A80)") STR_LINE ISKIP THESE LINES
READ (30,'(A80)") STR_LINE IDATA READ BY SCANSEDZLJ; ITBM and NSICM.

READ (30,'(A80)") STR_LINE

READ (30,%) ZBSKIN,TAUCONST
READ (30,'(A80)") STR_LINE

READ (30,*) (D50(K),K=1,NSCM)
READ (30,'(A80)") STR_LINE
READ(30,¥) (TCRE(K),K=1,NSCM)
READ (30,'(A80)") STR_LINE

READ (30,*) (TCRSUS(K),K=1,NSCM)

After obtaining the first portion of data bed.sdf , s_sedic.fo0  then readsore_field.sdf
The number of different core samples and the camps corresponding to each cell in the
domain is read.

READ(20,*)INCORE !read the number of cores
DOJ=JC,1,-1

READ(20,*)(NCORENO(1,J),I1=1,IC)
ENDDO

Next, the routine loads core sample data feoae.sdf  to determine the erosion rate before
deposition or sorting occurs. TAUTEMP (dynesfntontains the critical shear stresses
necessary to erode each sediment layer. BDEN fyisrthe bulk density for the bed layers; this
is used in conjunction with bed thickness to debed layer thickness (TSED, TACT, etc., all in
units of g/cni). WATERDENS and SEDDENS are the water density soiil sediment density

13



(g/cn?). PNEW is the mass percentage of each sedimentkiss in each layer, expressed as a
percentage, but the form of PNEW in the code idretion PER (PER = PNEW/100.0). Lastly,
TAULOC (dynes/crf) and EORATE (cm/s) are listed, with TAULOC beirte tapplied shear
and EORATE the erosion rate of each sediment lsybject to the applied TAULOC. EORATE
is the erosion rate of the site-specific (origibatl) data versus ENRATE frobed.sdf , which

is the erosion rate of newly deposited sediment.

DO CORE=1,INCORE !for each core of data
READ (10,'(A80)") STR_LINE

READ (10,*)(TAUTEMP(CORE,LL),LL=1,KB) Iread the critical shear stresses of
the core

READ (10,'(A80)") STR_LINE

READ (10,*)(BDEN(CORE,LL),LL=1,KB) Iread in the bulk density of the core

READ (10,'(A80)") STR_LINE

READ(10,*) WATERDENS, SEDDENS !read in the water density and sediment
solid's density

READ (10,'(A80)") STR_LINE

DOLL=1,KB
READ(10,*)(PNEW(CORE,LL,K),K=1,NSCM)
ENDDO
READ (10,'(A80)") STR_LINE
DOK=1,ITBM
READ(10,*)TAULOC(K) Ishear stress used to erode a portion of the core
READ(10,*)(EORATE(CORE,LL,K),LL=1,KB) lerosion rate for each layer
subject to shear stress TAULOC
ENDDO
ENDDO

s_sedic.f90  sets the EFDC variables equal to the informati@uéal from the input files. The
critical shear stress of the initial bed, TAUCORyr(ds/cmi), and ERATE (equivalent of
EORATE; cm/s) are set equal to the correspondingegafromerate.sdf ~ with only a minor
change in the matrix indices to correlate with domvention of EFDC. The weight fraction,
PER, is calculated by dividing the particle’s masscentage PNEW by 100, converting mass
percentage to mass fraction. Also, the bulk dern@tyLKDENS; g/cn?) is the mass of solids
per unit volume:

_pA(p-Y)

Xsps_ ’ (1)
Ps~ Py

whereys is the mass fraction (PER) of the sediment inlibe, ps is the density of the sediment
(SEDDENS) , the producjdps) is the mass of solids per unit volume (BULKDENZ),is the
density of water (WATERDENS), and is the density of the sediment bed (BDEN). The
sediment bed density (BDEN) is defined as:

P = XsPst X P )

where the mass fractiopsandy,, sum to 1.

14



DOL=2,LA
I=IL(L) Il location as a function of L
J=JL(L) 1J location as a function of L
TAUCOR(;,L)=TAUTEMP(NCORENO(I,J),) ICritical shear stresses from cores
DOLL=1,KB
DOM=1,ITBM
ERATE(LL,L,M)=EORATE(NCORENO(!,J),LL,M) Iset erosion rate to
measured value
ENDDO
ENDDO
DOLL=1,KB
DOK=1,NSCM
PER(K,LL,L)=PNEW(NCORENO(l,J),LL,K)/100 .0 Iset mass fraction to
measured value
ENDDO
BULKDENS(LL,L)=((SEDDENS)/(SEDDENS-WATERDEN S))
*(BDEN(NCORENO(1,J),LL)-1)
Iset bulk density equal to that from SEDflume data
ENDDO
ENDDO

Once the bulk density (BULKDENS) and the erosiote I&RATE) are updated, sedic.f90
reads in the layer thicknesses (TSEDOS; gfchiote that the layer thicknesses are in unitsnof
from the erate.sdf  file, but these quantities are converted later éase of mass flux
calculations. The bed layer thicknesses (i.e., BRDL and HBED; m) are loaded and modified
so that the bottom three layers always have arkisk of at least I and the EFDC variable
HBED is equated to these data. The bed initialktitess BEDLINIT is reported in units of
meters, hence the thickness values read in frormgha file TSEDOS is multiplied by 0.01.

READ (10,'(A80)") STR_LINE

READ(10,¥) (TSEDOS(LL),LL=1,KB)

FORALL (LL=3:KB)BEDLINIT(2:LA,LL)=0.01* MAX1E-12, TSEDOS(LL))
FORALL (LL=1:KB)HBED(2:LA,LL)=BEDLINIT(2:LA,LL)

s_sedic.f90 activates any layers (i.e., LAYER = 1) with thigles greater than zero
(TSEDOS > 0). The layer’s thickness (TSED and TSE@ent) are then defined with layer
thickness (TSEDOS; cm) and the mass per unit voliBhd KDENS; g/cn).

FORALL (L=2:LA)
WHERE(TSEDOS(1:KB)>0.0)
LAYER(1:KB,L)=1
EL SEWHERE
LAYER(1:KB,L)=0
ENDWHERE
FORALL (LL=1:KB)
TSED(LL,L)=TSEDOS(LL)*BULKDENS(LL,L) ITSED in units of g/cm”2.
TSEDO(LL,L)=TSEDOS(LL)*BULKDENS(LL,L) ITSEDO in units of g/cm”2.
ENDFORAL L
ENDFORALL

The total sediment bed thickness (HBEDA; cm) isirdaf next. The average bed elevation

(ZELBEDA; cm) is calculated with the bed elevatiBELV; cm) and the total sediment
thickness (HBEDA, cm).
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FORALL (L=2:LA)HBEDA(L)= SUMBEDLINIT(L,1:KB))
FORALL (L=2:LA)ZELBEDA(L)=BELV(L)-HBEDA(L)

s_sedic.f90  re-readsed.sdf to obtain information about newly deposited sediteeSCLOC

is a vector of the sediment interpolant size classised to interpolate erosion rates
(ENRATE; cm/s) of newly deposited sediments. Thi¢ical shear stress for each sediment
interpolant size class (SCLOC) is read in as TAUIIRI The re-deposited erosion rate
(ENRATE) value for each sediment interpolant silas€ (SCLOC) at different shear stresses
(TAULOC) is read in next.

READ (30,'(A80)") STR_LINE

READ (30,%) (SCLOC(NSC),NSC=1,NSICM)

READ (30,'(A80)") STR_LINE

READ (30,%) (TAUCRITE(NSC),NSC=1,NSICM)

READ (30,'(A80)") STR_LINE

DONSC=1,NSICM
READ(30,%)(ENRATE(NSC,M),M=1,ITBM)

ENDDO

The settling velocity (cm/s) is (Cheng 1997):
1.5
w :%(\/25+ 127 - 5) 3)

wherews is the settling velocityy is the kinematic fluid viscosity (cifs), d is the particle
diameter (cm), and is the non-dimensional particle diameter defined a

d =d {wr : (4)

VZ

wheres; is the sediment specific gravitysp.), g is gravity (cm/$), vis the kinematic viscosity.
All of these values are calculated in cgs unite’(s) (van Rijn 1984a). In the code, DWS is the
settling speed (cm/s) and the non-dimensional diam@) is DISTAR. Becausel (D50) is
reported in units ofim (in the code), it is divided by 10,000 to convietb units of centimeters.
The sediment specific of gravitg, is approximately 2.65, gravity is 980.0 cfn/and the
kinematic viscosity of water is 0.01 éfs.

FORALL (K=1:NSCM)

DISTAR(K)=D50(K)/10000.0*(1.65*980.0/0.01**2)**(1 .0/3.0)
DWS(K)=0.01/(D50(K)*0.0001)*( SQRT25.0+1.2*DISTAR(K)**2)-5.0)**1.5
ENDFORAL L

s_sedic.f90  also calls on two input filesefch.inp  and stwave.inp ) to read information
about wind and wave forcing functions.
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| F(IFWAVE.EQ.1) THEN
OPEN(UNIT=50,FILE="fetch.inp")
DOL=2,LA
READ (50,*) 1,J,(FWDIR(LIJ(1,J),FDIR),FDIR=1,8)
ENDDO
CLOSE(50)
ELSEI F (IFWAVE.EQ.2) THEN
OPEN(UNIT=51,FILE="stwave.inp’)
DONSKIP=1,5
READ (51,'(A80)") STR_LINE
ENDDO
READ(51,*) STWVNUM,STWVTIM
DONWV=1,STWVNUM
READ (51,'(A80)") STR_LINE
DOL=2,LA
READ(51,*)IWV,JWV,STWVHTMP,STWVTTMP,STWVDTMP
STWVHT(LII(IWV,IJWV),NWV)=STWVHTMP
STWVTP(LIJ(IWV,JWV),NWV)=STWVTTMP
STWVDR(LIJ(IWV,JWV),NWV)=STWVDTMP
ENDDO
lIncremental counter for which wave data set we are on
STINC=0
NWVCOUNT=STWVTIM-1
ENDDO
CLOSE(51)
ENDI F

The routine ends after printing to the screen adasirg the input files.
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SCANSEDZLJ.f90

SCANSEDZLJ.f90 loads data fronded.sdf and evaluates its compatibility with parametershsu
as number of sediment layers, particle size clegs,fromeFDC.INP. The routine identifies
errors in the input files.

WRI TE(*'(A)')'SCANNING INPUT FILE: BED.SDF'

OPEN(1,FILE='BED.SDF',STATUS='OLD")

READ(L,*IOSTAT=ERROR)  !SKIP THIS LINE

| F(ERROR==1)THEN
VRl TE(*,'("READ ERROR IN SEDZLJ INPUT FILE"))
VRl TE(8,'("READ ERROR IN SEDZLJ INPUT FILE")")
STOP

ENDI F

READ(1,*,|OSTAT=ERROR) IDUMMY,IDUMMY,IDUMMY KB

| F(ERROR==1)THEN
VRl TE(*,'("READ ERROR IN SEDZLJ INPUT FILE"))
VRl TE(8,'("READ ERROR IN SEDZLJ INPUT FILE")")
STOP

ENDI F

READ(1,*|OSTAT=ERROR)  ISKIP THIS LINE

| F(ERROR==1)THEN
WRI TE(*,'("READ ERROR IN SEDZLJ INPUT FILE"))
VRl TE(8,'("READ ERROR IN SEDZLJ INPUT FILE")")
STOP

ENDI F

READ(1,*,|OSTAT=ERROR) ITBM,NSICM

| F(ERROR==1)THEN
WRI TE(*,'("READ ERROR IN SEDZLJ INPUT FILE"))
VRl TE(8,'("READ ERROR IN SEDZLJ INPUT FILE")")
STOP

ENDI F
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S MAIN.fo0

This routine calculates sediment distributions e tvarious water layers. It is called from
CALSED.for when EFDC calculates cohesive sediment transpomtain.fo0  replaces the

current cohesive and non-cohesive sediment trahspotine in EFDC. The first step in
s_main.fo0 involves calling the_shear.fo0  subroutine to calculate SEDZLJ shear stresses.

CALL SEDZLJ_SHEAR

If the morphology feature is activated, thenmain.foo  calculates sediment bed height
(HBED; m) for each layer in each cell. The layeickhess, TSED (g/cf), is divided by the
solid mass per volume (BULKDENS) to obtain HBEDumits of length.

| FIMORPH_SEDZLJ==1) FORALL (L=2:LA)HBED(L,1:KB)=0.01*(TSED(1:KB,L)/BULKDENS(1:
KB,L))

The suspended sediment concentration (SED; §gfis also saved in another variable
(SEDS; kg/m) for later calculations in vertical turbulent déspion and settling.

SEDS(2:LA,1:KC,1:NSCM)=SED(2:LA,1:KC,1:NSCM)

Next, s_main.f90  checks if bedload sediment transport feature (NCABRL is active.
ISEDTIME serves as a flag for the bedload sedinramtsport feature. The velocity profile in the
model is allowed to develop in ISEDTIME number iofi¢ steps before the sediment transport is
activated. If bedload sediment feature is activdied, NCALC_BL = 1),s_main.fo0 calls the
bedload subroutine (BEDLOADJ). This subroutine aatés fraction of sediment transported in
bedload and in suspended load. BEDLOADJ also eteduthe bedload concentrations and
bedload fluxes to and from the bed.

| F(NCALC_BL==1.AND.N>=ISEDTIME) CALL BEDLOADJ

s_sedzlj.fo0 is activated InEFDC.inp with an IWRSP value of 98. IWRSP = 98 sets
NSEDFLUME = 1 (option 2 is for SEDTOX) imPUT.for . Here, both the NSEDFLUME and
ISEDTIME are checked by main.fo0  before sediment transport calculation is performed

| F(NSEDFLUME==1.AND.N>=ISEDTIME) THEN

s_main.fo0  calculates vertical dispersion of suspended seatimecording to the original
formulation by Hamrick (1992). Based on the numbérayers,s_main.fo0  evaluates the
vertical dispersion distinctly. “IF” conditionalagements are added to account for cases with one
or two layers because they do not involve full iaiftdispersion. The sediment flux due to
vertical dispersion is a function of vertical vatgc (WVEL; m/s), settling velocity
(WSETA; m/s), and suspended sediment concentré8aD).
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KCNOTILOOP:| F (KC .NE.1)  THEN
DONS=1,NSCM
FORALL(L=2:LA) IK=KC
WVEL(L)=DELT*HPI(L)*DZIC(KC)
CLEFT(L)=1.0+WSETA(L,KC-1,NS)*WVEL(L)
CRIGHT(L)=  MAXSED(L,KC,NS),0.0)
SED(L,KC,NS)=CRIGHT(L)/CLEFT(L)
SEDF(L,KC-1,NS)=-WSETA(L,KC-1,NS)*SED(L,KC,NS )
ENDFORAL L
KCNOT2LOOP:| F(KC .NE.2)  THEN
DOK=KC-1,2,-1
FORALL (L=2:LA)
WVEL(L)=DELT*HPI(L)*DZIC(K)
CLEFT(L)=1.0+WSETA(L,K-1,NS)*WVEL(L)
CRIGHT(L)= MAXSED(L,K,NS),0.0)-SEDF(L,K,NS)*WVEL(L)
SED(L,K,NS)=CRIGHT(L)/CLEFT(L)
SEDF(L,K-1,NS)=-WSETA(L,K-1,NS)*SED(L,K,NS)
ENDFORALL
ENDDO
ENDI F KCNOT2LOOP
ENDDO
ENDI F KCNOT1LOOP

Once the vertical dispersion of suspended sedimieassbeen calculated, main.fo0 calls
SEDzLJto calculate sediment transport between the sedibed and water column.

CALL SEDZLJ(L)

Once sediment transport is complete, the volumédial sediment flux (QSBDTOP; kgfs) is
calculated as a function of the inverse specifiavily (SSGI) and the sediment flux
(SEDF; kg/nis), initial void ratio in each layer of the bed (RBED), and sediment void ratio
(VDRDEPO).

QSBDTOP(L)=SUMSSGI(1:NSCM)*SEDF(L,0,1:NSCM))
DONS=1,NSCM
QWBDTOP(L)=QWBDTOP(L)+SSGI(NS)*(VDRBED(L,KBT(L)  )* MAXSEDF(L,0,NS),0.0)
& +VDRDEPO(NS)* MIN(SEDF(L,0,NS),0.0))
ENDDO

Next, s_main.fo0  goes through a series of numerical computatioat ¢gtimate the sediment
flux between water layers. Vertical sediment difbusis due to turbulent dispersion and settling.
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DONS=1,NSCM
| F(KC>3) THEN
| FISTOPT(6)==1) THEN
DOK=1,KC-1
FORALL (L=2:LA)
CRNUM(L)=1.0+DELT*WSETA(L,K,NS)*HPI(L)*DZ
GRADSED(L)=(SED(L,K+1,NS)-SED(L,K,NS))/(D
SEDAVG(L)=0.5*(SED(L,K+1,NS)+SED(L,K,NS)+
WSETA(L,K,NS)=-CRNUM(L)*DZC(K+1)*WSETA(L,
ENDFORAL L
ENDDO
ITVAR1S=LOWER DIAGONAL
TVAR1S(2:LA,1)=0.0
DOK=2,KC

TVAR1S(2:LAK)= MIN(WSETA(2:LA,K-1,NS),0.0)

ENDDO
ITVARIN=UPPER DIAGONAL
TVARIN(2:LA,KC)=0.0

IC(K+1)

ZC(K+1)+DZC(K))

1.0E-16)
K,NS)*GRADSED(L)/SEDAVG(L)

DOK=1,KC-1
TVARIN(2:LA K)=- MAXWSETA(2:LA,K,NS),0.0)
ENDDO
ITVARLIW=MAIN DIAGONAL
TVAR1IW(2:LA,1)=DELTI*DZC(1)*HP(2:LA)- MIN(WSETA(2:LA,1,NS),0.0)
DOK=2,KC-1

TVAR1IW(2:LA,K)=DELTI*DZC(KC)*HP(2:LA)+
MIN(WSETA(2:LA,K,NS),0.0)
ENDDO

TVAR1IW(2:LA,KC)=DELTI*DZC(KC)*HP(2:LA)+

ITVARLE=RIGHT HAND SIDE
DOK=1,KC
TVAR1E(2:LA,K)=DELTI*DZC(KC)*HP(2:LA)*SED(2
ENDDO

MAXWSETA(2:LA,K-1,NS),0.0)-

MAXWSETA(2:LA,KC-1,NS),0.0)

:LAK,NS)

ITVAR3S=BET,TVAR2N=U,TVAR2S=GAM ARE WORKING ARRAYS

TVAR3S(2:LA)=TVARIW(2:LA,1)
TVAR2N(2:LA,1)=TVAR1E(2:LA,1)/TVAR3S(2:LA)
DOK=2,KC
TVAR2S(2:LA,K)=TVARIN(2:LA K-1)/TVAR3S(2:LA
TVAR3S(2:LA)=TVARIW(2:LA, K)-TVAR1S(2:LA,K)*
TVAR2N(2:LA K)=(TVARLE(2:LA,K)-TVARLS(2:LA,
TVAR2N(2:LA K-1)) /TVAR3S(2:
ENDDO
DOK=KC-1,1,-1
TVAR2N(2:LA,K)=TVAR2N(2:LA K)-TVAR2S(2:LA,K
ENDDO
SED(2:LA,K,NS)=TVAR2N(2:LA K)
ENDI F
ENDI F
ENDDO

)
TVAR2S(2:LAK)
K)*

LA)

+1)*TVAR2N(2:LA K+1)

Onces_main.f90  recalculates the sediment concentration profike twuturbulent dispersion, the
sediment flux (kg/rfs) due to settling is calculated by starting wikte ttop layer of water
followed by fluxes to the lower water layers. Thedlisnent flux (SEDF) is calculated as the
product of the water layer’s height (HPxDZC; m)aoge in sediment concentration over the last
time step (SED-SEDS), and the inverse time stef, TDEL/s). For water layers others below
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the top layer, the sediment flux (SEDF) is the safncurrent layer’'s concentration and flux of
the layer directly above it.

SEDF(2:LA,KS,NS)=DELTI*DZC(KC)*HP(2:LA)*

(SED(2:LA,KC,NS)-SEDS(2:LA K C.NS))
DOK=KS-1,1-1  IKS=KC-1
SEDF(2:LA,K,NS)=DELTI*DZC(K+1)*HP(2:LA)*(SE D(2:LA,K+1,NS)-
SEDS(2:LA,K+1,NS))+SEDF(2:LA,K+1,NS)
ENDDO

The sediment flux algorithm depends on the numlbevater layers and_main.fo0  accounts
for this with four distinct cases. The first casdar problems with more than 3 water layers, the
second is for problems with exactly 3 water layéhs, third case is for problems with 2 water
layers, and the final case is for problems withydnivater layer (the 2D and 1D problems).

Once the suspended sediment flux is calculateshain.foo  calls the morphology routine
s_morph.fo0  to update the grid for the ensuing hydrodynamics.

| FIMORPH_SEDZLJ==1) CALL MORPHJ
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S SHEAR.f90

The shear subroutine uses the hydrodynamic refsoits EFDC to calculate the total shear stress
at the sediment bed. This shear is used in thensedierosion calculations. The shear stress and
friction factor ins_shear.f90  are calculated using Christofferson and Jonssal) (@)-law
(1985), which is a function of the wind, wave, awcdnvective information from the
hydrodynamics of EFDC.

s_shear.fo0  first checks if the constant shear assumptioctisated in thebed.sdf file.

| F(TAUCONST==0)THEN

If the TAUCONST flag is activated (i.e., not equalzero), thers_shear.fo0  calculates the
shear stress based on the local velocities of eatth accounting for shear stress from the
velocity gradient as well as wind- and wave-indusbéar stresses. First, wave characteristics
are calculated (i.e., wavelength, orbital velocitgjght, and frequency) according to the lines of
code below.

| F(IFWAVE==1) THEN
'Wind Wave Fetch
IConvert wind input into current wind info for wind -driven wave calcs
| FISDYNSTP==0) THEN
WFTIM=DT* FLOAT(N)/TCWSER(1)+TBEGIN*(TCON/TCWSER(1))
ELSE
WFTIM=TIMESEC/TCWSER(1)
ENDI F
M1=MWTLAST(1)
M2=M1+1
DO WHI LE(TWSER(M2,1)<WFTIM)
M1=M2
M2=M1+1
END DO
MWTLAST(1)=M1
TDIFF=TWSER(M2,1)-TWSER(M1,1)
WTM1=(TWSER(M2,1)-WFTIM)/TDIFF
WTM2=(WFTIM-TWSER(M1,1))/TDIFF
FWINDS=WTM1*WINDS(M1,1)+WTM2*WINDS(M2,1)
| F(FWINDS>1.0) THEN
| F(ABSWINDD(M1,1)-WINDD(M2,1))<180.0) THEN
FWINDD=WTM1*WINDD(M1,1)+WTM2*WINDD(M2,1)
ELSE
| F(WINDD(M1,1).GT.WINDD(M2,1)) THEN
FWINDD=WTM1*WINDD(M1,1)+WTM2*(WINDD(M2,1)+360.0)
ELSE
FWINDD=WTM1*(WINDD(M1,1)+360)+WTM2*WINDD(M2,1)
ENDI F
| F(FWINDD>=360.0)FWINDD=FWINDD-360.0
ENDI F
IConvert wind into direction it is blowing "from"
| F(FWINDD<=180.0) THEN
FWINDD=FWINDD+180.0
| F(FWINDD==360.0)FWINDD=0.0
ELSE
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FWINDD=FWINDD-180.0
| F(FWINDD==360.0)FWINDD=0.0
ENDI F
ICalculate which of the 8 wind zones (FWZONE) the w ind is coming from
IAlso the Waveangle CCW from East
| F(FWINDD>=337.5.0R.FWINDD<22.5) THEN
FZONE=1
WVANGLE=4.712
ELSElI F(FWINDD>=22.5.AND.FWINDD<67.5) THEN
FZONE=2
WVANGLE=3.927
ELSElI F(FWINDD>=67.5.AND.FWINDD<112.5) THEN
FZONE=3
WVANGLE=3.142
ELSElI F(FWINDD>=112.5.AND.FWINDD<157.5) THEN
FZONE=4
WVANGLE=2.356
ELSEI F(FWINDD>=157.5.AND.FWINDD<202.5) THEN
FZONE=5
WVANGLE=1.571
ELSEI F(FWINDD>=202.5.AND.FWINDD<247.5) THEN
FZONE=6
WVANGLE=0.7854
ELSElI F(FWINDD>=247.5.AND.FWINDD<292.5) THEN
FZONE=7
WVANGLE=0.
ELSElI F(FWINDD>=292.5.AND.FWINDD<337.5) THEN
FZONE=8
WVANGLE=5.4978
ENDI F
ICalculate Domain Average Depth
INeeds to be calculated along each fetch
IThis is sufficient for small systems
AVGDEPTHSUMHP(2:LA))/  FLOAT{LA-1)
FWINDSQ=FWINDS*FWINDS

ICalculate wave height, period, orbital velocity, a nd length
DOL=2,LA
FC1=(FWINDSQ/9.8)*0.283* TANHO0.530%(9.8*AVGDEPTH/FWINDSQ)**0.75)

FC2=  TANH0.0125%(9.8*FWDIR(L,FZONE)/FWINDSQ)**0.42/
TANH0.530%(9.8*AVGDEPTH/FWINDSQ)**0.75))

FWVHT(L)=  MIN(HP(L),FC1*FC2)

FC1=(FWINDS/9.8)*7.54* TANHO0.833%(9.8*AVGDEPTH/FWINDSQ)**0.375)

FC2=  TANH0.077*(9.8*FWDIR(L,FZONE)/FWINDSQ)**0.25/
TANH0.833%(9.8*AVGDEPTH/FWINDSQ)**0.375))

FWVTP(L)=FC1*FC2

WVFREQ(L)=2.0*PI/FWVTP(L)

FC1=(2.0*PI/FWVTP(L))**2*HP(L)/9.8

FC2=FC1+1.0/(1.0+0.6522*(FC1)+0.4622*(FC1)**2+

0.0864*(FC1)**4+0.0675*(FC1)**5)

WVLENGTH=FWVTP(L)* SQRT9.8*HP(L)/FC2)

WVORBIT(L)=  MAX0.01,PFFWVHT(L)/(FWVTP(L)*  SINH(HP(L)*2.0*PI/WVLENGTH)))

ENDDO

|
IRead in EFDC STWAVE Wave Field
ELSEIl F(IFWAVE==2) THEN
NWVCOUNT=NWVCOUNT+1
I F(INWVCOUNT==STWVTINIHEN
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NWVCOUNT=0
STINC=STINC+1
DOL=2,LA
| F(STINC>STWVNUMEXI T
| F(STWVTP(L,STINC)>0.0) THEN
WVFREQ(L)=2.0*PI/STWVTP(L,STINC)
FWVHT(L)=  MAXHP(L),FWVHT(L))
FC1=(2.0*PI/STWVTP(L,STINC))*2*HP(L)/9.8
FC2=FC1+1.0/(1.0+0.6522*(FC1)+0.4622*(FC1)**2 +0.0864*(FC1)**4+
0.0675%(FC1)**5)
WVLENGTH=STWVTP(L,STINC)*  SQRT9.8*HP(L)/FC2)
WVORBIT(L)= MAX0.01,PI*STWVHT(L,STINC)/(STWVTP(L,STINC)*
SINH(HP(L)*2.0*PI/WVLENGTH)))
WVANG(L)=STWVDR(L,STINC)
ELSE
WVFREQ(L)=0.0
WVORBIT(L)=0.0
WVANG(L)=0.0
ENDI F
ENDDO
ENDI F
ENDI F
ENDI F

After the wave characteristics are calculateghear.fo0  can calculate shear stresses. The
bed-form roughness is determined in three distimays. If the bed-form roughness is not
provided from the SEDZLJ subroutines (i.e., ZBSKIN and NSEDFLUME = 0), it is set equal
to the EFDC roughness (ZBR, as loaded ferncC.INP). If NSEDFLUME is greater than O but
no bed-form roughness (ZBSKIN) is specified, thiea bed-form roughness is set equal to the
grain roughness (D50AVE). Otherwise, the bed-fooonghness is equal to the value specified in
bed.sdf (ZBSKIN).

DOL=2,LA
ZBTEMP(L)=ZBR(L)
| F(ZBSKIN.EQ.0.AND.NSEDFLUME.GT.0) THEN
| F(D50AVG(L).LT.D50(1))  THEN
ZBTEMP(L)=D50(1)/1.e6
ELSE
ZBTEMP(L)=D50AVG(L)/1.66
ENDI F
ELSEI F(ZBSKIN.GT.0.AND.NSEDFLUME.GT.0) THEN
ZBTEMP(L)=ZBSKIN/1.66
ENDI F
KN(L)=30.0*ZBTEMP(L)
ENDDO

To obtain the shear stressshear.fo0  calculates the average velocity magnitude.
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DOL=2,LA
ICalculate Average Velocity Magnitude in cm/s
UTMP=100.0*STCUV(L)*(UHE(L+1)+UHE(L))/(HU(L+1)+HU(L ))+1.0E-12
VTMP=100.0*STCUV(L)*(VHE(LNC(L))+VHE(L))/(HV(LNC( L))+HV(L))
VELMAG=SQRTUTMP**2+VTMP**2)

The friction factor (FC) is then calculated usirge twater height and bed-form roughness
(ZBTEMP). The friction factor is calculated withetiCJ log-law.

FC(L)=(0.42/  LOGHP(L)/(2.0*ZBTEMP(L))))**2

If there are no wave and wind inputs, then the ishzass can be calculated directly with only
the velocity magnitude and the friction factor @sthe CJ log-law. Otherwise, a more complex
method is used to incorporate the wind- and wadeded shear into the shear
(TAU; dynes/cm) calculation.

| F(IFWAVE==0.AND.UWVSQ(L)==0.0.0R.WVORBIT(L)==0.0) THEN
TAU(L)=FC(L)*VELMAG**2
ELSE !Calculate Current Angle CCW From X axis
| F(UTMP>0.0.AND.VTMP>0.0) THEN
VELANGATANVTMP/UTMP)
ELSElI F(UTMP<0.0) THEN
VELANGATANVTMP/UTMP)+PI
ELSElI F(UTMP>0.0.AND.VTMP<0.0) THEN
VELANG=2*PI+ ATANVTMP/UTMP)
ELSElI F(UTMP==0.0) THEN
VELANGSIGN(0.5*PI1,VTMP)
ENDI F
I F(IFWAVE==0) THEN !Set Orbital velocity in m/s and waveangle and
frequency
WVORBIT(L)=SQRTUWVSQ(L))
WVFREQ(L)=WVFRQ
WVANG(L)=WACCWE(L)
ELSEI F(IFWAVE==1) THEN
WVANG(L)=WVANGLE
ENDI F
ICalculate wave friction factor
FWW(L)=2.0*(0.0747*(KN(L)*WVFREQ(L)/WVORBIT(L)))**0 .66
SIGMAWV=FC(L)/FWW(L)*(VELMAG/(WVORBIT(L)*100.0) )2
MMW= SQRTL1.0+SIGMAWV**2+2.0*SIGMAWV* ABY COVELANG-WVANG(L))))
JIW=WVORBIT(L)/(KN(L)*WVFREQ(L))* SQRTMMW*FWW/(L)/2.0)
FWW/(L)=MMW*0.15/3JW
ICalculate wave boundary layer info
DELW=KN(L)*0.273* SQRTJJW)
APROUGH=30.0*DELW* EXR-5.62*DELW/KN(L)* SQRTSIGMAWV/MMW))
ICalculate new current friction factor
FC(L)=2.0%(1.0/(2.38* LOG30.0*HP(L)/(2.718*KN(L)))-
2.38* LOGAPROUGH/KN(L))))**2
llterate once more
SIGMAWV=FC(L)/FWW(L)*(VELMAG/(WVORBIT(L)*100.0))**2
MMW= SQRTL1.0+SIGMAWV**2+2.0*SIGMAWV* ABY COVELANG-WVANG(L))))
JIW=WVORBIT(L)/(KN(L)*WVFREQ(L))* SQRTMMW*FWW/(L)/2.0)
FWW(L)=MMW*0.15/3JW
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The total shear stress (TAU) is calculated in agssydynes/crf). This is converted to Pascals
and renamed TAUB. With TAUB, the shear velocitgaculated as:

u=|—, (5)

whereu” (USTAR) is the shear velocity (m/s}, (TAUB) is the shear stress (Pa), and(RHO;
kg/m®) is the density of water (Jones 2001, page 14¢aSkelocity is used in many of the
subsequent calculations for sediment transport.

ICalculate total wave and current shear stress (dyn es/cm”2)
TAU(L)=0.5*FWW/(L)*WVORBIT(L)**2*10000.0*MMW
TAUB(L)=0.1*TAU(L)
USTAR(L)= SQRTTAUB(L)/RHO)
ENDI F
ENDDO

If the shear stress is defined to be constanietisdf , thens_shear.fo0  skips all of the
calculation of friction- and wave-induced shear #mese quantities are set equal to the constant
shear value defined in the input file.

ELSE
DOL=2,LA
TAU(L)=TAUCONST
TAUB(L)=0.1*TAU(L)
USTAR(L)= SQRTTAUB(L)/1000.)
ENDDO

ENDI F
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S BEDLOAD.f90

s_bedload.f90  first calculates the ratio of shear velocity tdtls®y velocity. This ratio (USW)
is a function of shear stress (TAU; dynesigndensity of water (WATERDENS), and settling
velocity (DWS; cm/s).

USW(L,K)= SQRTTAU(L)/WATERDENS)/DWS(K)

Next, the subroutine determines the fraction ofreedt in suspended transport versus bedload
transport using both flow and sediment bed propertihese include sediment characteristics,
shear stress, and shear velocity at each cell.gudie empiricism of Guy et al. (1966),
s_bedload.f90  assumes that all particles with a diameter leas 200um are transported as
suspended load (unless there is no flow). Partieldsan average diameter greater than @0
and a ratio of shear velocity (USTAR) to settlinglocity (DWS) less than 4 are partially
transported as bedload. If the shear stress igHassthe critical shear stress, there is no emnosio
or suspension. The fraction of suspended sedirsardiculated as (Jones 2001, eq. 3.7):

0 forr<r
In(u*J—ln[“T“/pWJ
W, W, i
Y% > /S forr>r, and < 4 (6)
W,
N In(4)—|n(rCS 'OWJ °
W
1 forL >4
WS

whereqyq; is the ratio of suspended load sediment flux et sediment fluxu is defined in
(5), ws is the settling velocity (cm/s}es (dynes/cr) is the critical shear stress for suspension,
andp,, (g/cnT) is the water density.

LCM_LOOP_1DOL=2,LA
WHERE(D50(1:NSCM)>=200.0.AND.USW(L,1:NSCM)<4.0)
WHERE(TAU(L)<=TCRE(1:NSCM).OR.USW(L,1:NSCM)<=0.0)
BLFLAG(L,1:NSCM)=0
PSUS(L,1:NSCM)=0.0
EL SEWHERE
BLFLAG(L,1:NSCM)=1
PSUS(L,1:NSCM)=  MAX( LOGUSW(L,1:NSCM))-
LOQ SQRTTCRSUS(1:NSCM))/DWS(L:NSCM)))/(  LOG4.0)-
LOQ SQRTTCRSUS(1:NSCM))/DWS(1:NSCM))),0.0)
ENDWHERE
ELSEWHERE
BLFLAG(L,1:NSCM)=0
PSUS(L,1:NSCM)=1.0
ENDWHERE
ENDDOLCM_LOOP_1
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After evaluating the fraction of sediment in bedla@nd suspension, bedload.fo0  calculates
the bedload velocity (BLVEL; cm/s). First, the velky magnitude (VELMAG; m/s) is
calculated in MKS units. A dimensionless transpamameter (TRANS), is defined as a function
of the shear stress (TAU; dynesfrand the critical shear stress (TCRE; dyne$yg@rovided in
thebed.sdf input file, is calculated (van Rijn 1984a).

. =——=, (7)

where - is the transport parameter, (dynes/crf) is shear stress at bed surface, apd
(dynes/cr) is critical shear stress for erosion.

Next, s_bedload.fo0 calculates the saltation height, DZBL (cm), whigha function of
transport parameter (TRANS), particle size classO)Dand non-dimensional particle diameter
(DISTAR) calculated is_sedic.f90  (van Rijn 1984a).

h, =0.3dd"°"%.°%, (8)

wherehy, (cm) is the saltation height.

The bedload velocityl, (BLVEL; cm/s) is calculated using the transportgmaeter (TRANS)

and the size class (D50).
12
u, =1.577° K& - 1} gd} . 9)

w

LCM_LOOP_2DOL=2,LA
VELMAG(L) = SQRTU(L,1)*2+V(L,1)**2)
TRANS(L,K)= MAX(TAU(L)-TCRE(K))/TCRE(K),0.0)
DZBL (L,K)=  MIN(100.*HP(L),

D50(K)/10000.0*0.3*DISTAR(K)**0.7* SQRTTRANS(L,K)))
BLVEL(L,K)=1.5*TRANS(L,K)**0.6* SQRT(SSG-1)*980.0*D50(K)/10000.0)
ENDDOLCM_LOOP_2

After the bedload velocity magnitude (BLVEL; cmis)calculateds_bedload.f90  converts it
into two orthogonal components. The equation befowlves the ratios of U and VELMAG and
V and VELMAG, (thex- andy-components of the hydrodynamic velocity and theocigy
magnitude; m/s), respectively. Therefore the uwitsVELMAG, U, and V are irrelevant.
Ultimately, thex- andy-components of bedload velocity (UBL and VBL; crdsg in cgs units.

WHERE(VELMAG (2:LA)>0.0)
UBL(2:LA,K)=BLVEL(2:LA,K)*U(2:LA,1)/VELMAG(2:LA)
VBL(2:LA, K)=BLVEL(2:LA,K)*V(2:LA,1)/VELMAG(2:LA)

ELSEWHERE
UBL(2:LA,K)=0.0
VBL(2:LA,K)=0.0

ENDWHERE
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Next, s_bedload.fo0 calculates the bedload sediment flux. Three loops bedload.f90
solve the following differential equation (Jone®20eq. 3.23):

a(hjcb) — aC]b,x + aqbyy +Q
ot x oy

whereC, (g/cnt) is the bedload concentratiom,, (g/cms) is the bedload sediment line flux in
the x direction,qgpy (g/cms) is the bedload sediment line flux in yhdirection, andQ, (g/cnts)

is the sediment flux between the sediment bed hadbedload. For examplgyx = UpxuCh,
where Uy is the x-component (analogouslyrfy) of the bedload velocity from Eq. (9). The
component ratio ofl,x t0 Uyy is equal to the ratio of U to V from the EFDC hgdynamics
routine.

(10)

The first loop solves fa,xdt (XBLFLUX; g/cm®) in discretized form.

LCM_LOOP_3DOL=2,LA
I=IL(L)
J=ILL)
| F(LI3(I-1,3)>0) THEN
| F(UBL(L,K).GT.0) THEN
XBLFLUX(L,K)=DT/(DXP(L)*100.0)*CBL(1,LIJ(I-1,J),K)* UBL(LIJ(1-1,J),K)*
DZBL(LIJ(I-1,d),K)
ELSE
XBLFLUX(L,K)=DT/(DXP(L)*100.0)*CBL(1,L1J(1,J),K)*UB L(LIJ(1,3),K)*
DZBL(LIJ(1,J),K)
ENDI F
ELSE
XBLFLUX(L,K)=0.0
ENDI F
ENDDOLCM_LOOP_3

The second loop solves fagdt (YBLFLUX; g/cm®) in discretized form.

LCM_LOOP_5DOL=2,LA
I=IL(L)
J=JL(L)
| F(VBL(L,K).GE.0) THEN
YBLFLUX(L,K)=DT/(DYP(L)*100.0)*CBL(1,LSC(L),K)*VBL( LSC(L),K)*
DZBL(LSC(L),K)
ELSE
YBLFLUX(L,K)=DT/(DYP(L)*100.0)*CBL(1,L1J(1,J),K)*VB L(LIJ(1,3),K)*
DZBL(LIJ(1,J),K)
ENDI F
ENDDOLCM_LOOP_5
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After the first two terms on the right hand side tbé equation are evaluated, the bedload
sediment concentration (CBL; g/&nis calculated.

LCM_LOOP_4DOL=2,LA
I=IL(L)
J=JL(L)
| F(BLFLAG(L,K)==1) THEN
| F(LIJ(1+1,3)>0)  THEN
CBL(2,L,K)=CBL(1,L,K)+(XBLFLUX(L,K)-XBLFLUX(LIJ(I+1 J),K)+YBLFLUX(L,K)-
YBLFLUX(LNC(L),K)+QBSED(L,K))/DZBL (LK)
ELSE
CBL(2,L,K)=CBL(1,L,K)+(YBLFLUX(L,K)-
YBLFLUX(LNC(L),K)+QBSED(L,K))/DZBL (LK)
ENDI F
ELSE
CBL(2,L,K)=0.0
ENDI F
| F(DZBL(L,K)==0.0R.CBL(2,L,K)<0)CBL(2,L,K)=0.0
ENDDOLCM_LOOP_4
ENDDOSED_LOOP
CBL(1,2:LA,1:NSCM)=CBL(2,2:LA,1:NSCM)
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S SEDZLJ.f90

Thes_sedzlj.f90 routine calculates erosion and deposition of ttieva layer (top layer of the
bed) for all cells. First, the following variablese initialized: total erosion from each cell
(ETOTO; g/cni), total deposition of each cell (DEP; gfymwater column depth (HP; m) is
converted to cm and renamed (HT; cm), suspendeitheat deposition (D; g/cf) bedload
deposition (DBL; g/crf), total erosion of each cell (E; g/@ntotal erosion of the top layer
(ELAY; g/cm?), and sediment mass available for deposition (SBiAgcH).

ETOTO(L)=0.0
DEP(L)=0.0
HT(L)=HP(L)*100.0
D(1:NSCM,L)=0.0
DBL(1:NSCM,L)=0.0
E (1:NSCM,L)=0.0
ELAY(1:NSCM)=0.0
SMASS(1:NSCM)=0.0

After initializing erosion and deposition variahles sedzlj.f90 calculates the near-bed
concentration (CTB; g/ci If there is only one layer in the water colunthe near-bed
concentration is calculated with the approximatibat the suspended sediment concentration
has the following profile (Jones 2001, eq. 3.12):

_Wsk?
Cex(2)=Ce ™, (11)

whereCg(2) (g/cnt) is the suspended concentration as a functionavémdepthCy (g/cnt) is
the near-bed concentratiow;y is the settling speed, ard, is the vertical dispersivity. For
single water layer systems, the vertical dispetsi(),) is calculated from an empirical relation
for rivers (Fischer et al. 1979) as:

D, =0.067hu’ (12)

whereD, (cn/s) andh (cm)is the water depth. In the code below, VZDIF {shis the vertical
dispersivity, HT (cm) ish, and USTAR (cm/s) isi . A lower limit of 20.0 crfys is set for the
vertical dispersivity. The average suspended settimencentration (G. or SED; g/cr) is
assumed to be the vertically-integrated averagecertration. With the vertical diffusion,
s_sedzlj.f90 calculates the near-bed concentratien (CTB in the code)Cy is solved
according to

h T w. h
Cave:J.COe > dZ = CO=Cave(_ o j ]:w h |* (13)
0 Dv 1_eD75Vk

If there is more than one water layer in the watdumn, the near-bed concentration is assumed
to be the cell-centered average sediment concemtraf the first water layer (SED(L,1,N);
glent).
IF(KC==1) THEN

DOK=1,NSCM

VZDIF(L)=  MAX20.0,0.067*HT(L)*USTAR(L)*100.)
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TEMP2=HT(L)*DWS(K)/VZDIF(L)
CTB(K,L)=SED(L,1,K)*TEMP2*(1.0/(1.0- EXR-TEMP2)))*1.0E-06
ENDDO

ELSE

CTB(1:NSCM,L)=SED(L,1,1:NSCM)*1.0E-06

ENDI F
The temporary thickness (TTEMP; g/@nof each sediment size class in the top layer is
calculated as the product of the percentage of sadiment size class in the top (active) layer
(PER) and the thickness of the top bed layer (TSED)

TTEMP(1:NSCM,L)=PER(1:NSCM,1,L)*TSED(1,L)

With the temporary thickness, sedzlj.f90 calculates deposition from suspended load, first
checking if the near-bed concentration for a paldic size class is non-zero,
i.e.,CTB(K,L)<1.0E-10 . The probability of deposition from suspended lasch function of
shear stress (TAU), critical shear stress (TCRSI8)n the SEDflume input files, and
probability calculations from Gessler (1967) andike (1962).

The probability of depositionP{) of cohesive, sub-200m, suspended sediment particles is
(Krone 1962)
0 fort>Tgg

A= 1—i fort<Tes (14)

TCS

For sediment particles with a diameter greater t@dum (non-cohesive), the probability of
deposition is assumed to follow a Gaussian proltabiénsity function (Gessler 1967)

_ Y
R, =erf (Ej , (15)
where
_1 Tesk _
Y= 0( T 1). (16)

The error function is approximated as (Abramowitd &tegun 1972):
P =1- exp[(—v /zﬂ( 0.3480X - 0.09587*+ 0.74783) (17)

whereX = (1+0.332%)™". WhenY < 0,
R =1-P(Y]) (18)

In the lines of code belowy is PROB(K).

DOK=1,NSCM

| F(CTB(K,L)<1.0E-10)  CYCLE

| F(D50(K)>=200.0) THEN

PY(K)=  ABS1.7544*(TCRSUS(K)/TAU(L)-1.0))

PFY(K)=0.39894*  EXR-0.5*PY(K)*PY(K))

PX(K)=1.0/(1.0+0.3327*PY(K))

PROB(K)=PFY (K)*(0.4362*PX(K)-0.1202*PX(K)*PX(K) +0.9373*PX(K)**3)
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| F(TAU(L)<=TCRSUS(K))PROB(K)=1.0-PROB(K)

ELSEl F(TAU(L)<=TCRSUS(K)) THEN

PROB(K)=1.0-TAU(L)/(TCRSUS(K))

ELSE

PROB(K)=0.0

ENDI F
All sediment is deposited from the bottom wateelaypZC is the water-layer thickness weight-
factor. The product of DZC and HT is the thickneéshe each water layer in cm. This product
is multiplied with the sediment concentration ie thottom water layer (SED(K,1,L)) to find the
sediment mass available in each cell per unit é88ASS). MAXDEPLIMIT is the maximum
fraction of sediment from the bottom water laydowaed to deposit onto the bed per time step.
This fraction is specified ined.sdf and is usually set to 1.0 unless instability isexved.

SMASS(K)=SED(K,1,L)*DZC(1)*HT(L)*MAXDEPLIMIT
Suspended sediment deposition, D, is calculateth@sproduct of probability of deposition
(PROB), near-bed concentration (CTB), settling dpd@@WS) and the time step (DT; s). Once

the suspended sediment deposition is calculatestdzlj.fo0 ensures that the deposited
material is less than or equal to the total magkerfirst water layer.

D(K,L)=PROB(K)*(DWS(K)*DT)*CTB(K,L)
ENDDO
D(1:NSCM,L)= MIN( MAXD(1:NSCM,L),0.0), SMASS(1:NSCM))

Next, s_sedzlj.fo0 calculates bedload deposition fraction. The caomodt for bedload
deposition to occur are:

1. Bedload concentration (CBL) must exist for a paittc size class,
2. Bedload velocity (BLVEL) must be greater than zenad
3. Bedload transport flag (BLFLAG) must be turned on.

The bedload equilibrium concentration is calculaedording to Van Rijn (1984a, eqn. 21):

C,= o.18C((>j—T* , (19)

whereCe is the equilibrium concentration (CSEDVR; gfnC, is the maximum concentration
(empirically calculated to be 0.65}, is the transport parameter (TRANS) calculatedriy énd

d- is the dimensionless particle diameter from (4).skediment transport, deposition is the
product of probability of deposition, the settliwglocity, and the concentration at the bed:

D = Pw,C, (20)

whereD (g/cnfs) is the deposition rate amlis the probability of deposition (in the case of
dynamic equilibriunP is also the probability of erosion).

In dynamic equilibrium where erosion and depositates are the same,

E=PwC, (21)
whereE (g/cnfs) is the erosion rate.
From the equilibrium concentration, the probabitfydeposition is calculated as:
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p=—b_ (22)
WsCe

where P is the Van Rijn probability of deposition (PROBVR, is the bedload erosion
(EBL; g/cnf), ws is the settling velocity (DWS), an€. is the equilibrium concentration
(CSEDVR). Note that in the equation below for theoant of sediment eroded into bedload
(CSEDSS; g/cr)), DWS is multiplied by the time step DT to caldelahe amount of sediment
eroded at each time step. The value of EBL is ¢ked tnass eroded for that particular time step.
Hence, to obtain the erosion r&g EBL must be divided by DT.

If there is no equilibrium concentration (i.e., @GHER < 0.0), then all sediment in bedload
deposits onto the bed (PROBVR = 1.0). If an eqdililm concentration exists

(i.e., CSEDVR > 0), then the probability of depmsitis the fraction of sediment eroded into
bedload over the equilibrium concentration of badlsediment (i.e., CSEDSS/CSEDVR).

DOK=1,NSCM
| F(CBL(1,L,K)>1.0E-10.AND.BLVEL(L,K)>0.0 .AND. BLFLAG (L,K)==1) THEN
CSEDSS(K)=EBL(L)/(DWS(K)*DT)

CSEDVR(K,L)=(0.18*0.65*TRANS(L,K)/DISTAR(K))
| F(CSEDVR(K,L)<=0.0) THEN
PROBVR(K,L)=1.0
ELSE
PROBVR(K,L)=  MIN(CSEDSS(K)/CSEDVR(K,L),1.0)
ENDI F

In the case when the sediment eroded into bedbbeds than zero (CSEDSS < 0.0), probability
of deposition reverts back to Gessler's formulatid®67) (i.e., PROBVR = PROB). This
simulates the case when there is deposition tbeddayer and no erosion.

| F(CSEDSS(K)<=0.0)PROBVR(K,L)=PROB(K)

Once the probability of bedload deposition is chlted, s_sedzlj.f90 calculates the local
bedload mass available for deposition, SMASS, wiigch function of bedload concentration
(CBL) and saltation height (DZBL; cm). Bedload sednt deposition (DBL) is a function of
probability of bedload deposition (PROBVR), bedloadncentration (CBL), settling speed
(DWS), and time step (DT). The code ensures thaibbd sediment deposited onto the bed does
not exceed total mass in the bedload (SMASS).

SMASS(K)=CBL(1,L,K)*DZBL(L,K)
DBL(K,L)=PROBVR(K,L)*CBL(1,L,K)*(DWS(K)*DT)
ENDI F

ENDDO

DBL(L:NSCM,L)=  MIN( MAXDBL(1:NSCM,L),0.0), SMASS(1:NSCM))
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Total sediment deposited is the sum of deposittomfthe bedload (DBL) and suspended load
(D). The deposition rate (DEPO; g/tsh results from dividing the total sediment depesit
(DEP; g/cni) by the time step (DT).

DEP(L)= SUMDBL(1:NSCM,L),BLVEL(L,1:NSCM)>0.0)+ SUMD(1:NSCM,L))
DEPO(L)=DEP(L)/(DT)

Once deposition is calculated for each time stepsien is calculated. First, local deposition is
checked (DEP(L) > 0.0). Then top bed sediment layeckness (TSED(1,L)) is modified
according to the amount of deposited materials.

| F(DEP(L)>0.0) THEN
LAYER(1,L)=1
TSED(1,L)=TSED(1,L)+DEP(L)

If there is bedload transport (i.e., BLVEL > O)etmass fraction (PER) is updated by dividing
the sum of original mass in the first layer (TTEMRjass deposited from the bedload (DBL),
and suspended load (D) by the newly calculatedotp layer thickness (TSED). If there is no
bedload transport, only the original mass and swige load deposition are summed.
WHERE(BLVEL(L,1:NSCM)>0.0)
PER(1:NSCM,1,L)=(TTEMP(1:NSCM,L)+DBL(1:NSCM,L)
+D(1:NSCM,L))/(TSED(1,L))
ELSEWHERE
PER(1:NSCM,1,L)=(TTEMP(1:NSCM,L)+D(1:NSCM,L))/(TSED (1,L))
ENDWHERE
ENDI F

In s_sedic.fo0 , at least three bed layers must exist to accoontdéposition and erosion
calculations. Because one bed layers may erodeelgntihe following code determines which
bed layer is the active layer and which layer ifoWwethe active layer. Finding the bed layer
directly below the active layer is necessary beedhsre are cases where sediment bed layers
erode away. If the top layer from the last timgpstenot the active layer (it has eroded away),
thens_sedzlj.f90 finds the active layer (SLLN = LL) and the layezldw it. For example, if
there are five bed layers, then the top two layeitsally have zero thicknesses and they are
always active (if there is deposition or armoringfherwise their thickness remains zero. The
third, fourth, and fifth layers will have an initithickness determined by the original sediment
bed. When there is deposition, the second laydrexitt (i.e.,LAYER(2,L)==1 ). If there is no
deposition (i.e.pO LL=3,KB ), the ‘erodible’ layer is the third layer. If ale sediment in the
third layer has eroded away in a cell, the codé metssign the fourth layer as the ‘erodible’
layer in that cell.
| F(LAYER(2,L)==1) THEN

SLLN(L)=2
ELSE

DOLL=3,KB

| F(LAYER(LL,L)==1.AND.LAYER(LL-1,L)/=1) THEN
SLLN(L)=LL
EXIT
ENDI F

ENDDO
ENDI F
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Next, s_sedzlj.fo0 assigns the active layer (SURFACE).

| F(LAYER(1,L)==1) THEN lis the top layer present?
SURFACE-=1!surface variable established
ELSE
SURFACE=SLLN(L) 'otherwise the top layer is SLLN
ENDI F

As a result of deposition and erosion of sedimértha active layer, the average patrticle size
(D50AVE) of the top bed layer is updated with thetjzle size classes (D50) and the updated
mass fractions (PER). The equivalent variable iDEFSEDDIAS0, is also updated.

D50AVG(L)= SUMPER(1:NSCM,SURFACE,L)*D50(1:NSCM))
FORALL(LL=1:KB)SEDDIA50(L,LL)=  SUMPER(1:NSCM,LL,L)*D50(1:NSCM))

If the bed surface is in the active layer (SURFAEE or 2), then the critical shear stress of the
bed is interpolated from the interpolant size @aséSCLOC) and the critical shear for the
corresponding interpolant size class (TAUCRITE).r example, if the average diameter
(D50AVE) falls between two interpolant size clasg&CLOC(1) and SCLOC(2), where
TAUCRITE(2) > TAUCRITE(1)), then the critical shestress (TAUCRIT) for the updated bed
with an average particle size (D50AVE) is linearhterpolated using TAUCRITE(1) and
TAUCRITE(2). In the case where the top layer is lager 1 or 2 (the cell is purely erosive),
critical shear is set equal to the critical sheaofithe original bed (TAUCOR). There is no need
for interpolation here because the critical shesgss data for the original bed (TAUCOR) is
obtained via SEDflume.

DOK=1,NSICM-1
| F(D50AVG(L)>=SCLOC(K).AND.D50AVG(L)<SCLOC(K+1))  THEN
NSCD(1)=SCLOC(K)
NSCD(2)=SCLOC(K+1)
NSCO0=K
NSC1=K+1
EXI T
END | F
ENDDO
| F(SURFACE==1.0R.SURFACE==2)THEN
TAUCRIT(L)=TAUCRITE(NSCO)+(TAUCRITE(NSC1)-TAUCRITE( NSCO))/

(NSCD(2)-NSCD(1))*(D50A VG(L) -NSCD(1))
ELSE
TAUCRIT(L)=TAUCOR(SURFACE,L)
ENDI F

The active layer thickness is defined as the daptbh the sediment bed (depth below
water-sediment interface) that is influenced by thater shear stress. In the case of bed
armoring, the larger sediment do not move while lema@articles within the interstices of the
larger sediment are sheared away into the watenugoldown to a certain thickness (the active
layer thickness). The active layer is recalculsaedording to the bed armoring formula (Van
Niekerk et al. 1992):
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Ta= 2d50L , (23)

TCE

where T, (cm) is the active layer’s thickness (TACTko (um) is the layer-averaged particle
diameter (D50AVEum), z (dynes/crf) is the shear stress at the bed (TAU), apddynes/cr)

is the critical shear stress (TAUCRIT). (Note: thets of TACT in the code is (g/cninstead of
cm like Ty). If the shear stress (TAU) is less than theaaltshear stress (TAUCRIT), the active
layer thickness (TACT) is proportional to the ratibshear stress to critical shear stress (i.e.,
TAU/TAUCRIT). However, if the shear stress is gezahan the critical shear stress, the active
layer thickness (TACT) is only a function of avesguarticle diameter (D50AVE). Note that the
density (BULKDENS) exists in the equation for TA®&cause TACT has units of g/gém

| F(TAU(L)/TAUCRIT(L)<1.0)  THEN
TACT(L)=2.0*D50AVG(L)*(BULKDENS(1,L)/10000.0)
ELSE
TACT(L)=2.0*D50AVG(L)*(TAU(L)/TAUCRIT(L))*(BULKDENS (1,1)/10000.0)
ENDI F

s_sedzlj.fo0 checks for the existence of an active layer, whigbpens when there is armoring
or deposition, but not when the model cell is ppexbsive.

NACTLAY=0
DOLL=1,KB
| F(LAYER(LL,L)>0) THEN
DOK=1,NSCM
| F(PER(K,LL,L)>0.0.AND.TAU(L)<TCRE(K).AND.TAU(L)>TAUC RIT(L)) THEN
NACTLAY=1
LAYER(1,L)=1
ENDI F
ENDDO
EXI T
ENDI F
ENDDO

When material is deposited onto (or eroded awam)rthe top layer, the thickness of the top
layer is adjusted back to the active layer thickrescording to the following three scenarios:

1. If there is a net deposition and the top layckness TSED(1,L) is greater than the
calculated active layer TACT(L), then mass from tiye layer is transferred to the layer
below it. The amount of mass transferred is TSHDILACT(L). Once this is done, the
mass fraction (PER) for both layers is recalculated

| F(TSED(1,L)>0.0.0R.NACTLAY/=0)  THEN
| F(LAYER(1,L)==1) THEN
| F(TSED(1,L)>TACT(L))  THEN
FORALL (K=1:NSCM)PER(K,2,L)=(PER(K,2,L)*TSED(2,L)

+PER(K,1,L)*(TSE D(1,L)
-TACT(L)))/(TSED L)
+(TSED(1,L)-TACT L))

LAYER(2,L)=1

SLLN(L)=2
TSED(2,L)=TSED(2,L)+TSED(L,L)-TACT(L)
TSED(1,L)=TACT(L)
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2. When deposition occurs, but the net sedimemnt ifuerosional, the calculated active
layer thickness TACT(L) will be greater than th@ fayer thickness TSED(1,L). In this
situation, mass from the layer below the top layérbe added to the top layer, and the
new thickness TSED(1,L) will be TSED(1,L) + (TACTETSED(1,L)). Mass fractions
(PER) of both layers are then recalculated.

ELSEI F(TSED(1,L)<TACT(L).AND.TSED(1,L)+TSED(SLLN(L),L)>TA CT(L).AND.
TAU(L)>TAUCOR(SLLN(L),L))  THEN
FORALL (K=1:NSCM)PER(K,1,L)=(PER(K,1,L)*TSED(1,L)+PER(K,SL LN(L),L)*
(TACT(L)-TSED(L,L)))/T ACT(L)
TSED(SLLN(L),L)=TSED(SLLN(L),L)-(TACT(L)-TSED(1,L )

TSED(1,L)=TACT(L)

3. If there is net erosion but the layer immediate¢low the top layer does not have
enough mass to contribute to the active layesedzlj.f90 will incorporate all of the
material in the present ‘erodible’ layer to theiatiayer in this time step and reassign
the ‘erodible’ layer. However, the active layerctmess might not be the same as the
calculated active layer thickness.

ELSEl F(TSED(1,L)<TACT(L).AND.TSED(1,L)+TSED(SLLN(L),L)<=T ACT(L).AND.
TAU(L)>TAUCOR(SLLN(L),L)) THEN
FORALL (K=1:NSCM)
PER(K,1,L)=(PER(K,1,L)*TSED(1,L)+PER(K,SLLN(L ),L)*(TSED(SLLN(L),L)))/
(TSED(L,L)+TSED(SLLN(L),L))
PER(K,SLLN(L),L)=0.0

ENDFORAL L
TSED(1,L)=TSED(1,L)+TSED(SLLN(L),L) ladd available sediment to layer
TSED(SLLN(L),L)=0.0 Ino more sediment available below this
LAYER(SLLN(L),L)=0 llayer has been eliminated in the logical variable
SLLN(L)=SLLN(L)+1 Iset next layer lower
| F (SLLN(L)+1>KB) SLLN(L)=KB !do not allow specification of the next
lower layer to be below the bottom sediment layer
ENDI F
ENDI F

ENDI F

After the sorting process is completedsedzlj.f90 calculates erosion. If a particular layer has
eroded away or if the cell is in a state of depositonly, s_sedzlj.fo0 identifies which
sediment layers are still intact before reformulgtbed properties.
ALL_LAYERS:DOLL=1,KB !go through all sediment layers so that they are
properly eroded and sorted
| F(LAYER(LL,L)==0) CYCLE !if the layer is gone don't consider it
| F(LAYER(1,L)==1.AND.LL/=1) EXI T lif it is depositional, there is no need to
consider erosion
| F(LL/=1) THEN
| F(LAYER(LL-1,L)==1) EXIT
ENDI F

Before erosion calculations, the active (top) lagere-characterized because the sediment in the
active layer may have been adjusted. Average parize (D50AVE;um) of the layer is
calculated using particle diameters (D50n) and weight fractions (PER). From D50AVE,
critical shear stress (TAUCRIT) for the bed layan de linearly interpolated from SEDflume
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interpolant size class (SCLOC) and the correspandintical shear for each interpolant
(TAUCRITE). In the event that all the sediment Bagers are eroded away, the critical shear
stress is set to 1.0x3@ynes/crf, so that there is no erosion of sediment intontager column.

D50AVG(L)= SUMPER(1:NSCM,LL,L)*D50(1:NSCM))
DOK=1,NSICM-1
| F(D50AVG(L)>=SCLOC(K).AND.D50AVG(L)<SCLOC(K+1))  THEN
NSCD(1)=SCLOC(K)
NSCD(2)=SCLOC(K+1)
NSCO0=K
NSC1=K+1
EXI T

ENDI F

ENDDO

| F(LL==1.0R.LL==2) THEN !for active layer
TAUCRIT(L)=TAUCRITE(NSCO)+(TAUCRITE(NSC1)-TAUCRITE( NSCQ0))/(NSCD(2)

-NSCD(1))*(D50AVG(L)-NSCD(1)) linterpolation
TAUCOR(LL,L)=TAUCRIT(L)
ELSE
SNO1=TSED(LL,L)/TSEDO(LL,L) Ilweighting factor 1 for interpolation
SN11=(TSEDO(LL,L)-TSED(LL,L))/TSEDO(LL,L) lweighting factor 2

| F(LL+1<=KB) THEN !Avoid array exceedance when LL=KB and used in
TAUCOR(LL+1,L)
TAUCRIT(L)=SNO1*TAUCOR(LL,L)+SN11*TAUCOR(LL+1,L ) !
ELSE
TAUCRIT(L)=1.0e6 !set arbitrarily high
ENDI F
ENDI F

The total erosion rate is interpolated across layecknesses and shear stresses. Linear
interpolation is used to calculate the erosion sate specified shear stress (Jones 2001, eq. 3.3):

E(T)=££J En + LTT_—TIJ Ei11. (24)

Ti+17 Ty i+17
The subscripts indicate data for a shear stress less thand ( + 1) indicates a shear stress
larger thanz. For example, consider a newly deposited sedirtegm@r having a D50AVE of
150pum. If the model calculates a shear stress (TALB0® dynes/cm(3.0 Pa), then the erosion

rate (ERATEMOD) must be somewhere between thevalures in Figure 3ed.sdf (6.60E-5
4.66E-4 ,5.97E-5 , and5.97E-4 cm/s).

Because erosion rate varies rapidly with flow ctindiand bed properties, it is logarithmically
interpolated from SEDflume data as a function gitdgJones 2001, eq. 3.4):

In[E(T)] =(T0T_Tj In (EJ'+1)+Tl In (Ej). (25)

0 0

whereT (m) is the actual layer thicknesg,(m) is the initial layer thickness, the supersajpt
andj+1 denote data for the interface at the top andditeom of the initial layer, respectively.

There are two kinds of erosion rate (ERATEMOD) oldtions in this code: one for the initial
bed erosion rate and another for erosion rate wiyndeposited materials. The calculation for
initial bed erosion rates,_sedzlj.f90 first identifies the shear stress with respedh@erosion
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rate data table frorerate.sdf  in Figure 1, by comparing the shear stress (TAuh whe shear
stresses (TAULOC) at which erosion rate data (ERAJiE measured. When the closest value
of TAULOC to TAU is found,s_sedzlj.foo begins calculating the modified erosion rate
(ERATEMOD; cm/s) using the log-linear interpolatiescheme described above. In cases where
all of the sediment in the last layer is eroded ywBRATE is set to 10 cm/s and
ERATEMOD = 0.

| F(TAU(L)<TAUCRIT(L)) EXIT
IFind the upper and lower limits of the Shear Stres s for the interpolation
DOK=1,ITBM-1
| F(TAU(L)>=TAULOC(K).AND.TAU(L)<TAULOC(K+1)) = THEN
TAUDD(1)=TAULOC(K)
TAUDD(2)=TAULOC(K+1)

NTAUO=K
NTAU1=K+1
EXIT
ENDI F
ENDDO
linterpolate the erosion rates for shear stress and depth.
IThis utilizes normal SEDflume data for deeper laye rs.
| F(LL>2) THEN !calculate erosion rates of deeper layers
SNOO=(TAUDD(2)-TAU(L))/(TAUDD(2)-TAUDD(1)) Ilweighting factor 1 for
interpolation
SN10=(TAUDD(1)-TAU(L))/(TAUDD(1)-TAUDD(2)) lweighting factor 2
SNO1=TSED(LL,L)/TSEDO(LL,L) lweighting factor 3
SN11=(TSEDO(LL,L)-TSED(LL,L))/TSEDO(LL,L) lweighting factor 4

| F(LL+1<=KB) THEN !modeled erosion rate

ERATEMOD(L)=(SNOO* EXRSN11* LOGERATE(LL+1,L,NTAU0))+SNO1* LOGERATE(LL,L,NTAUO
)
&

+SN10*EXP(SN11* LOGERATE(LL+1,L,NTAU1))+SNO1* LOGQERATE(LL,L,NTAU1))))*BULKDEN
S(LL,L)
ELSE !do not allow erosion through the bottom layer
ERATEMOD(L)=(SN00O* EXRASN11* LOE1le-9)+SN01* LOGERATE(LL,L,NTAUOQ)))
& +SN10* EXASN11* LOE1le-9)+SNO1* LOGERATE(LL,L,NTAU1))))*BULKDENS(LL,L)
ENDI F

For erosion of newly deposited sediments (layer 2)perosion rate (ENRATE) fromed.sdf
in Figure 3 are interpolated to calculate the enosate (ERATEMOD).

ELSE
NSCTOT=NSCD(2)-NSCD(1)

D50TMPP=D50AVG(L)-NSCD(1)
SN00=(TAUDD(2)-TAU(L))/(TAUDD(2)-TAUDD(1))
SN10=(TAUDD(1)-TAU(L))/(TAUDD(1)-TAUDD(2))
SN01=D50TMPP/NSCTOT

SN11=(NSCTOT-D50TMPP)/NSCTOT

ERATEMOD(L)=(SNO0* EXR(SN11* LOGENRATE(NSCO,NTAUO))

+SNO1* LOGENRATE(NSC1,NTAUO)))
+SN10* EXRSN11* LOGENRATE(NSCO,NTAUL))+
+SNO1* LOGENRATE(NSC1,NTAU1))))*BULKDENS(LL,L)
ENDI F
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Once the erosion rate (ERATEMOD) is interpolateddohon the layer-averaged particle size
(D50AVE) in the cell, the amount of material erodeer time step (EBD) is calculated by
multiplying the erosion rate (ERATEMOD) by the tirseep (DT).

EBD(LL,L)=ERATEMOD(L)*DT

The following variables are calculated once thaltsediment eroded per time step (EBD; dicm
is determined: total erosion at each cell for esizl class (E) and total erosion per layer for each
size class (ELAY). Top layer thickness (TTEMP) iscarecalculated. If shear stress (TAU) is
less than critical shear (TCRE) then all erosidnes (E and ELAY) are set to zero and top layer
thickness (TTEMP) is calculated without layer eons{ELAY).

WHERE(TAU(L)>=TCRE(1:NSCM))

E(1:NSCM,L)=E(1:NSCM,L)+PER(1:NSCM,LL,L)*EBD(LL,L )

ELAY(L:NSCM)=PER(1:NSCM,LL,L)*EBD(LL,L)

TTEMP(1:NSCM,L)=PER(1:NSCM,LL,L)*TSED(LL,L)-ELAY( 1:NSCM)
ELSEWHERE

E(1:NSCM,L)=0.0
ELAY(1:NSCM)=0.0
TTEMP(1:NSCM,L)=PER(1:NSCM,LL,L)*TSED(LL,L)
ENDWHERE

If amount of sediment eroded is greater than thesknof the bed layer (i.e., TTEMP < 0),
thickness of the top layer (TTEMP) is set to zend arosion at each cell for each size class (E)
is set equal to the amount of sediment availabkaeneroding bed layer. Furthermore, sediment
eroded from the layer (ELAY) is set to be the whalger’s thickness (PER*TSED).

VWHERE(TTEMP(1:NSCM,L)<0.0)
TTEMP(1:NSCM,L)=0.0
E(1:NSCM,L)=E(1:NSCM,L)-PER(1:NSCM,LL,L)*EBD(LL,L )
+PER(L:NSCM,LL,L)*TSED(LL,L)
ELAY(1:NSCM)=PER(1:NSCM,LL,L)*TSED(LL,L)
ENDWHERE

The total sediments eroded from the top (activgedaESED) and per cell (ETOTO) are
calculated in units of g/ch

ESED=SUMELAY(1:NSCM))
ETOTO(L)= SUME(1:NSCM,L))

Once erosion information is calculated, thicknekshe top layer (TSED) and mass fractions
(PER) is updated. If active layer thickness is ks 10° cm, TSED becomes zero and the top
layer is eroded away (i.e., LAYER(LL,L) = 0). Otlngse, top layer thickness is set equal to
calculated layer thickness after erosion (TEMP;,any the mass fraction (PER) is also updated
accordingly.

TEMP=TSED(LL,L)-ESED
| ((TEMP<=1.0E-3) THEN
TSED(LL,L)=0.0
LAYER(LL,L)=0
FORALL (K=1:NSCM)PER(K,LL,L)=0.0
ELSE
TSED(LL,L)=TEMP
FORALL (K=1:NSCM)PER(K,LL,L)=TTEMP(K,L)/TSED(LL,L)
ENDI F
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If change in morphology is considered (i.e., IMORPH), then height of the bed (HBED; m) is
calculated using the layer’s thickness (TSED).

| FIMORPH==0)HBED(L,LL)=0.01*TSED(LL,L)/BULKDENS(LL,L )
ENDDOALL_LAYERS

Once the total erosion is calculated, sedimentflhe@s (QBSED and BED_SED_FLX; g/én
are divided into bedload (EBL) and suspended I&8US; g/crfi) using the probability for
suspension (PSUS). When bedload transport is ie(BLFLAG =0), only suspended sediment
flux (BED_SED_FLX) is calculated.

EBL(L)=0.0
ESUS(L)=0.0
DOK=1,NSCM
| F(BLFLAG(L,K)==1) THEN
QBSED(L,K)=(1.0-PSUS(L,K))*E(K,L)-DBL(K,L)
BED_SED_FLX(L,K)=PSUS(L,K)*E(K,L)-D(K,L)
ELSE
BED_SED_FLX(L,K)=E(K,L)-D(K,L)
ENDI F
ENDDO
EBL(L)= SUM(1.0-PSUS(L,1:NSCM))*E(1:NSCM,L),BLVEL(L,1:NSCM)>0 .0)
ESUS(L)= SUMPSUS(L,1:NSCM)*E(1:NSCM,L),BLVEL(L,1:NSCM)>0)

After calculating erosion informations_sedzlj.f90 assigns EFDC variables. This is for
backward compatibility with EFDC and the visualieat program EFDC_Explorer. ETOTO is
the total amount of eroded sediment. To convestduantity into an erosion rate sedzlj.f90
divides ETOTO by the time step (DT).

IFlux calculations for EFDC

IConvert BED_SED_FLX from g/cm”2 to g/m”2*s

WDTDZ=DT*HPI(L)*DZIC(1)

SEDF(L,0,1:NSCM)=BED_SED_FLX(L,1:NSCM)*10000.0/DT
SED(L,1,1:NSCM)=SEDS(L,1,1:NSCM)+(SEDF(L,0,1:NSCM)- SEDF(L,1,1:NSCM))*WDTDZ
ETOTO(L)=ETOTO(L)/(DT)
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S MORPH.f90

Erosion and deposition may change the geometryresdibed, which may in turn impact the
hydrodynamics. Layer thickness (TSED), bulk den@yYLKDENS), and previous bed height
(HBEDA; m) are used to calculate change in beditgiQELBED; m).

BELV1 (m) and BELV (m) define the sediment-bed watelumn interface location for the
previous and current time step, respectively. HRhes water column height, P {fs) is the
product of water surface elevation and accelerafiosm to gravity, and HBEDA is the total bed
height. The sediment-bed water column interfacatlon (BELV) and the water column depth
(HP) vary according to the change in bed height(BED).

DOL=2,LA

DELBED(L)=0.01* SUMTSED(1:KB,L)/BULKDENS(1:KB,L))-HBEDA(L)
BELV1(L)=BELV(L)

HTMP(L)=HP(L)

H1P(L)=HP(L)

P1(L)=P(L)

HBEDA(L)=0.01*  SUMTSED(1:KB,L)/BULKDENS(1:KB,L))
HBED(L,1:KB)=0.01*TSED(1:KB,L)/BULKDENS(1:KB,L)
BELV(L)=ZELBEDA(L)+HBEDA(L)
HP(L)=HP(L)+DELBED(L)

ENDDO

The inverse of the water depth (HPI*yrand the water flux (QMORPH; kgfs) in/out of the
water column are also calculated using the curcefimn height (HP) and previous water
column heights (H1P; m).

DOL=2,LA
HPI(L)=1.0/HP(L)
QMORPH(L)=DELTI*DXYP(L)*(HP(L)-H1P(L))
ENDDO

s_morph.fo0  also writes an output file for drying cells andogrchecking.

ITMP=0
DOL=2,LA
| F(HP(L)<0.0) THEN
| F(ABYH1P(L))>=HWET) THEN

ITMP=1
VRl TE(8,"(NEG DEPTH DUE TO MORPH CHANGE',215,12F12.5)") IL(L),JL(L),
HBED1(L,KBT(L)),HBED(L,KBT(L)),BELV1 (L),BELV(L),DELT,

QSBDTOP(L),QWBDTOP(L),HBEDA(L)
VRl TE(8,"(NEG DEPTH DUE TO MORPH CHANGE,,
215,12F12.5)")L,KBT(L),(HBED(L,K),K=1,KBT(L))
ELSE
HP(L)=0.9*HDRY
ENDI F
ENDI F
ENDDO
| F(TMP==1) THEN
CALL RESTOUT(1)
| F(NDRYSTP<0)THEN
OPEN(1,FILE='DRYLOSS.OUT)
CLOSE(1,STATUS='DELETE))
OPEN(L,FILE='DRYLOSS.OUT)
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DOL=2,LA
| F(VDWASTE(L)>0.0) THEN
TMPVAL=VDWASTE(L)/DXYP(L)
VR TE(1,'(216,4E14.6)")IL(L),JL(L),VDWASTE(L), TMPVAL,QDW ASTE(L)
ENDI F
ENDDO
CLOSE(1)
ENDI F
STOP
ENDI F

Changes in morphology cause change in water coldempth. Hence, the concentrations of all
transported materials must be adjusted.

| FOSTRAN(1)>0) FORALL(K=1:KC,L=2:LA)SAL(L,K)=HTMP(L)*SAL(L,K)/HP(L)
| FOSTRAN(2)>0) FORALL(K=1:KC,L=2:LA)TEM(L,K)=HTMP(L)*TEM(L,K)/HP(L)
| FOSTRAN(3)>0) FORALL(K=1:KC,L=2:LA)DYE(L,K)=HTMP(L)*DYE(L,K)/HP(L)
| FOSTRAN(4)>0) FORALL(K=1:KC,L=2:LA)SFL(L,K)=HTMP(L)*SFL(L,K)/HP(L)

| FOSTRAN(5)>0) FORALL(NT=1:NTOX,K=1:KC,L=2:LA)TOX(L,K,NT)=HTMP(L)*TOX(L, K,NT)
IHP(L)

| FOSTRAN(6)>0) FORALL(NS=1:NSCM,K=1:KC,L=2:LA)SED(L,K,NS)=HTMP(L)*SED(L, K,NS)
IHP(L)

| FOSTRAN(7)>0) FORALL(NS=1:NSND,K=1:KC,L=2:LA)SND(L,K,NS)=HTMP(L)*SND(L, K,NS)
IHP(L)
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Variable Dictionary

The table below lists the SNL-EFDC variables inhalpetical order with a brief description.
Variables from EFDC are denoted as such in therigiemn.

Variable name Description

BEDLOAD Flag for bedload transport (1 = yes)

BDEN Bulk density for each sediment layer (gftm
BED_SED_FLX | Suspended sediment flux (gftm

BEDLINIT Initial bed thickness (m)

BELV Sediment-bed water column interface location) (
BLVEL Bedload velocity (cm/s)

BULKDENS Mass of solids per unit volume (g/&m

CBL Bedload concentration (g/én

CSEDVR Van Rijn’s equilibrium bedload concentratigycnt)
CSEDSS Sediment eroded into bedload (djcm

CTB Concentration at sediment bed (g#gm

D Deposition from suspended load (gfsm

D50 Particle diameter for each size clagn)

D50AVE Average particle sizeufn)

DBL Deposition from bedload (g/cih

DELBED Change in the sediment bed height, EFDC (m)
DELTI Inverse time step

DEP Total deposition of each cell (g/m

DISTAR Non-dimensional particle diameter for eae €lass
DT Time step (s)

46



Variable name

Description

11°

DWS Settling speed

DZBL Bedload height (cm)

DzC Water-layer thickness factor

E Total erosion of each cell per time step (djcm

EORATE Initial erosion rate for each layer subj@ecTAULOC (cm/s)

EBD Total sediment eroded per time step (gjcm

EBL Total erosion into bedload per time step (gfcm

ELAY Total erosion of the top layer per time stefcfrr)

ENRATE Erosion rate for newly deposited bed (cm/s)

ERATE EORATE (cm/s)

ERATEMOD Erosion rate for each layer (g/fsh

ESED Total erosion from each layer per time stépn(f)

ESUS Total erosion into suspended load per time (stent)

ETOTO Total erosion of all size classes (¢fgm

HBED Bed layer thickness, EFDC (m)

HP Water column depth (m)

HT Water column depth (cm)

IFWAVE Flag that activates wind-driven surface wave

IMORPH Flag that activates bed morphology calcalai(1 = yes)

ISEDTIME Number of time steps before sediment tpamsis activated

ISMORPH Flag that activates bed morphology calootet (1 = yes)

ITBM Number of different SEDflume shear-stress iptdants to calculat
erosion of newly deposited sediments

KB Maximum number of sediment layers
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Variable name

Description

MAXDEPLIMIT |Maximum fraction of sediment that caregosit per time step

NCALC_BL Flag that activates bedload sediment fpanis(1 = yes)

NEQUIL Flag to activate adsorption of toxics onémlsnents (1 = yes)

NSEDFLUME Flag to activate SEDZLJ routines (1 o= 2/es), set by the EFDC
variable IWRSP = 98 or 99

NSCM Number of sediment size classes, from EFDC

NSICM Number of size classes of interpolants toneste erosion rates of
newly deposited sediments

P PNEW

PER PNEW/100.0

PNEW Mass percentage of each size class in layer

PROB Probability of suspended load deposition

PROBVR Probability of deposition from bedload

PSUS Percentage of total erosion into suspended loa

QBSED Net flux into bedload per time step (gfzm

QSBDTOP Total volumetric sediment flux, EFDC (k&n

RHO Density of water, EFDC (kgfn

SCLOC Particle size for new deposited bed erosaia (im)

SED Suspended sediment concentration (Rg/m

SEDF Sediment flux (kb/fs)

SEDS SED, used for vertical turbulent dispersiod aettling calculations
(kg/n)

SEDDENS Sediment density (g/&m

SMASS Sediment mass available for deposition (§/cm

SSGI Inverse specific gravity
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Variable name

Description

I

SURFACE Sediment layer that corresponds to theeatdyer

TACT Active layer thickness (g/cth

TACTM Active layer thickness multiplier

TAU Total shear stress (dynesfm

TAUB Total shear stress, EFDC (Pa)

TAUCONST Parameter that, when greater than zers, the shear stress to
constant value in the flow (dynes/®m

TAUCOR Critical shear stress of the initial seditnieed (dynes/cA)

TAUCR Critical shear stress for erosion for eacte silass. (dynes/cin

TAUCRIT Critical shear stress for erosion (dynesicm

TAUCRITE Critical shear stress for erosion for n@eposited bed (dynes/ém

TAULOC Applied shear stress from erosion data (dyeref)

TAUTEMP Critical shear stress for the erosion aftetayer (dynes/cfy

TCRDEP Critical shear stress for suspension foh s&e class. (dynes/émn

TCRE Critical shear for erosion (dynesfm

TCRSUS Critical shear for suspension (dyned)cm

TEMP Calculated layer thickness after erosion (cm)

TRANS Dimensionless transport parameter for bedlgattulations (van
Rijn).

TSED Current thickness of each layer (gfdm

TSEDO TSEDOS (g/cf)

TSEDOS Initial thickness of each sediment layecr(g)

TTEMP Temporary thickness of a given layer (gfrm

U x-component of the hydrodynamic velocity (m/s)
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Variable name Description

UBL x-component of the bedload velocity (cm/s)

USTAR Shear velocity (m/s)

USw Ratio of shear velocity to settling velocity

Vv y-component of the hydrodynamic velocity (m/s)
VAR_BED Flag that activates the variable sedimet bption (1 = yes)
VBL y-component of the bedload velocity (cm/s)

VDRBED Initial void ratio in each bed layer

VDRBEDO Sediment ratio in each bed layer

VELMAG Velocity magnitude (m/s)

VZDIF Vertical diffusion for suspended sedimentsitts)
WATERDENS Density of water (g/cth

WSETA Sediment settling velocity, EFDC (m/s)

WVEL Sediment vertical velocity, EFDC (m/s)

XBLFLUX x-component of the horizontal bedload flux per tistep (g/crm)
YBLFLUX y-component of the horizontal bedload flux per tistep (g/crm)
ZBSKIN Roughness parametemg)
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Special Notes

Currently,s_sedzlj.f90 does not incorporate bedload sediment flux thrdumindaries of the
domain. This feature will soon be added to SNL-EFBEd consolidation is also an expected

upgrade.

There are a few issues in EFDC not mentioned inuge’s manual that we document in this
section to assist users of SNL-EFDC.

The EFDC routine sser.inp divides the salinity eahy the mass of each water layer. This is
somewhat confusing because salinity is an intrimar@ble.

Also, QSSER fromefdc.inp  is added ta@QSER.inp and it is easy to neglect the fact that both
flow inputs may be active in a model.
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