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CHAPTER 1

| NTRODUCTI ON

1.1 GENERAL CONSI DERATI ONS

This section describes the input required to run the WASP5
water quality program The user should be cautioned about
potential changes to the dataset or manual that may acconpany
versi on updates of the software. The printed manual nmay becone
dat ed as enhancenents are nmade or errors are identified and
corrected. Please downl oad the | atest manual acconpanying the
current version of WASPS5.

To arrange the input into a logical format, WASP5 data are
di vided into 10 groups, A through J:

A - Model ldentification and Sinmulation Control
- Exchange Coefficients

- Vol unes

- FI ows

Boundary Concentrations

- Wast e Loads

- Envi ronnent al Par anet ers

T @& T m O O W

- Chem cal Constants

Ti me Functions
J - Initial Conditions
The followng is a brief explanation of each data group:
DATA GROUP A provides for descriptive nodel identification
and contains sinmulation control options. The user nmust specify

t he nunber of segnents and the nunber of systens. The user nust
al so specify calculational time steps and print intervals here.

DATA GROUP B contai ns di spersive exchange information
Di spersion occurs between segnents and along a characteristic
I ength. Dispersion coefficients vary with tinme in a piecew se
linear time function.




DATA GROUP C supplies initial segnent vol une information,
and information on the segnent type and underlying segnent
nunbers. Hydraulic geonetry information can be given to derive
segnent average depth and velocity as a function of flow These
val ues are used in reaeration and volatilization cal cul ations
only (not in the basic transport cal cul ations.)

DATA GROUP D supplies flow and sedi nent transport
i nformati on between segnents. Flows may be contained in the WASP
i nput dataset, or may be inported froman external hydrodynam c
file. Flows in the WASP5 input dataset vary with tine follow ng
a piecewise linear tinme function.

DATA GROUP E supplies concentrations for each systemat the
boundaries. All system concentrations nust be supplied for each
boundary. Boundary concentrations vary with tine in a piecew se
[inear time function.

DATA GROUP F defines the waste | oads and segnents that
receive the waste | oads for both point and diffuse sources.
Poi nt source |oads vary with tine in a piecewi se linear tine
fuction. Nonpoint source |oads vary with tine in a daily step
function.

DATA GROUP G contai ns appropriate environnent al
characteristics of the water body. These paraneters are
spatially variable, varying with each nodel segnent.

DATA GROUP H contains appropriate chem cal characteristics
or constants. Constants in WASP remain constant in both tine and
space.

DATA GROUP | contains appropriate environnmental or kinetic
tinme functions.

DATA GROUP J contains initial concentrations for each
segnent and each system along with dissolved fractions and the
density of solids systens.

The input dataset is a formatted ASCII file. The user nust
carefully place input data in the appropriate fields, and be sure
to right justify integers.

1.2 THE EUTROPHI CATI ON MODEL
EUTRX4 requires the sane input format as the basic WASP5
nodel. This format is explained in detail in the chapters bel ow.

This section sumrari zes the vari abl es needed specifically for

2



EUTRO4.

As described in detail in Chapter 5, the 8 systens for
eut rophi cati on nodeling are ammoni a nitrogen, nitrate nitrogen
i norgani ¢ phosphorus, phytopl ankton carbon, carbonaceous BOD,
di ssol ved oxygen, organic nitrogen, and organic phosphorus.

Table 1 EUTRO4 Systens and Levels of Conplexity

System Use in Conplexity
Nunber Synbol Name Level
1 2 3 4 5 6

1 NH3 Ammoni a nitrogen X X X X X
2 NO3 Nitrate nitrogen X X X X
3 pPO4 | nor gani ¢ phosphor us X X X
4 CHL Phyt opl ankt on car bon X X X
5 CBOD Car bonaceous BOD X X X X X X
6 DO Di ssol ved oxygen X X X X X X
7 ON Organi ¢ nitrogen X X X X
8 oP Organi ¢ phosphor us X X X
Compl exity

Level Expl anati on

1 "Streeter-Phel ps* BOD-DO with SCD

2 "Modi fied Streeter-Phel ps” with NBOD

3 Li near DO bal ance with nitrification

4 Si npl e eut rophi cation

5 | nt er medi at e eutrophication

6 | nt er medi at e eutrophication with benthos

Table 1 summari zes these systens and their use in six discrete
| evel s of conplexity.

The user should note that these discrete | evels of
conplexity are suggestive only. The user may choose to sinul ate

3



any conbi nation of these variables using any conbi nation of the
paraneter functions and val ues described below. In fact, during
calibration, the user may choose to sinulate only one vari abl e,
such as CBOD, whil e bypassing (and thus hol ding constant) al

ot her vari abl es.

1.3 THE TOXI C CHEM CAL MODEL

TOXI 4 requires the sane input format as the basic WASP5
nodel. This format is explained in detail in the chapters bel ow.
This section sumrari zes the variabl es needed specifically for
TOXI 4.



Table 2 TOXI4 Systens and Levels of Conplexity

Level s of Conplexity for:

Sol i ds Ki netics
System 1, 2 3 4 1-3 4
Nunber Synbol Nane
1 C Chem cal 1 X X X X X
2 S, Solid 1 X X
3 S, Solid 2 X
4 S, Solid 3 X
5 C Chem cal 2 X
6 C, Chem cal 3 X
Compl exity
Level Expl anati on
Solids 1 Descriptive Solids concentration field
Solids 2 Descriptive solids concentration field with
specific solids transport rates
Solids 3 Simul ated total solids
Solids 4 Three sinul ated solids types
Equil 1 Constant partition coefficient
Equil 2 Spatially-variable partition coefficients
Equil 3 Hydr ophobi ¢ sorption
Equil 4 Sol i ds- dependent partitioning
Equil 5 Sorption plus ionic speciation
Kinetic 1 Constant half lives or rate constants
Kinetic 2 Spatially-variable rate constants
Kinetic 3 Second order rates
Kinetic 4 Transformati on products

As described in Chapter 7, the 6 systens for toxicant
nmodel ing are chemcal 1, solids fraction 1, solids fraction 2,
solids fraction 3, chemcal 2, and chemical 3. Table 2
summari zes these systens and their use in several discrete |levels
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of conplexity. These |evels of conplexity describe possible
approaches to sinmulating solids, equilibriumreactions, and
kinetic reactions. They are suggestive only. The user may
choose to sinulate any conbination of these variabl es using any
conbi nation of the paraneter functions and val ues descri bed

bel ow.



DATA GROUP A
CHAPTER 2
DATA GROUP A: MODEL | DENTI FI CATI ON AND SI MULATI ON CONTROL
Basic simulation information is provided in Data G oup A,
beginning with titles and descriptions in Records 1 and 2. The
nunber of systens (state variables) and segnents are specified in
Record 4. Calculational tine steps are provided in Records 6 and
7, and print intervals in Records 8 and 9. System bypass options
are set in Record 10.
2.1 RECORD FORNATS

Record 1--Title of Simulation (A5, A75)

SI MT'YP = type of sinmulation; TOXI4 = toxics dataset;
EUTRO = eutrophi cati on dataset. (A5)

TI TLEL = descriptive title of sinmulation. (A75)

Record 2--Description of Sinulation (A80)

TI TLE2 = description of sinmulation. (A80)

Record 3--Record 4 Nanes (A80)

HEADER = names of Record 4 variables, positioned
properly; for user convenience only. (A80)

Record 4--Sinmulation Control Paraneters (715, 2F5.0, F3.0, F2.0)

NOSEG = nunber of segnments in nodel network. (I15)

NOSYS = nunber of nodel systens (state vari ables).
(15)

| CFL = flag controlling use of restart file; 0 =

neither read fromnor wite to restart file
(initial conditions located in input file); 1
= wite final sinulation results to restart
file (initial conditions located in input
file); 2 =read initial conditions from
restart file created by earlier sinulation,
and wite final sinulation results to new
restart file. (I15)

MFLAG

flag controlling nessages printed on screen
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JVASS

NEGSLN

| NTYP

ADFAC

ZDAY

ZHR
ZM N

TFLG

Record 5--Runti

DATA GROUP A

during sinmulation; 0 = all nessages printed;
1 =simulation time only printed; 2 = al
messages are suppressed. (15)

system nunber for which nmass bal ance anal ysi s
will be perfornmed; 0 = no mass bal ance table
generated. (15)

negati ve solution option; 0O = prevents
negative solutions; 1 = allows negative
solutions. (I5)

time step option; O = user inputs tinme step
history; 1 = nodel calculates tinme step. (15)

advection factor; 0 = backward difference;
0.5 = central difference; 0-0.4 recomended.
(F5.0)

day at beginning of sinmulation; 1 is first
day. (F5.0)

hour at the begi nning of sinulation. (F3.0)
m nute at the begi nning of sinulation. (F2.0)
switch controlling generation of transport

file; O = generate file; 1 = do not generate
file. (15)

me Print Segnents (615)

| SEGOUT

Record 6--Nunber

up to six segnment nunbers to display at
runtinme; if there are six or nore segnents in
t he nodel network, the user should specify
six print segment nunbers. (I15)

of Tine Steps (I5)

NOBRK

Record 7--Tine

nunber of different nodel tine steps (I5)

Steps (4(F10.0, F10.0))

DTS(1)

(1)

tinme step to be used until tinme T(1), days.
(F10.0)

time up to when tinme step DIS(l1) will be
8



DATA GROUP A
used, days. (F10.0)

Record 8--Nunber of Print Intervals (15)

NPRI NT = nunber of print intervals. (I15)

Record 9--Print Intervals (4(F10.0, F10.0))

PRINT(I1) = print interval to be used until tine
TPRINT(1), days. (F10.0)
TPRINT(1) = time up to when print interval PRINT(l) w Il

be used, days. (F10.0)

Record 10--System Bypass Options (1615)

SYSBY(K) = bypass option for systemK, 0 = systemw ||
be sinulated; 1 = systemw || be bypassed.
(15)

2.2 THE EUTROPHI CATI ON MODEL

When runni ng EUTRX, the nunber of systens, NOSYS, nust be
set to 8 in Record 4. The bypass options in Record 10, SYSBY(K)
shoul d be set to O for those vari ables checked in the rel evant
conplexity level in Table 1; they should be set to 1 for those
vari abl es not checked in the relevant conplexity level in Table
1

2.3 THE TOXI C CHEM CAL MCODEL

When running TOXl 4, the nunber of systens, NOSYS, can be set
froml to 6 in Record 4, depending upon the solids and kinetic
conplexity levels chosen for simulation. The bypass options in
Record 10, SYSBY(K), should be set to O for those vari abl es
checked in the relevant conplexity level in Table 2; they should
be set to 1 for those variables not checked in the rel evant
conplexity level in Table 2.



DATA GROUP B
CHAPTER 3

DATA GROUP B: EXCHANGE CCEFFI Cl ENTS

Exchange coefficients for surface water and pore water are
conputed frominput dispersion coefficients, cross-sectional
areas, and characteristic lengths. D spersion coefficients may
vary in time according to piecewi se-linear tine functions, with
groups of segnent pairs having the sane dispersion tinme function.
Exchange data are read for each exchange field. Field one
cont ai ns di spersion coefficients for water colum exchanges.
Field two contains exchange data for pore water exchange.

3.1 RECORD FORVATS

Record 1--Nunber of Exchange Fields (15, 75X

NRFLD = nunber of exchange fields. NRFLD wll
generally equal 2 for water colum and pore
wat er exchanges. (15)

TI TLE = name of data group. (75X

| f no exchange rates are to be read, set NRFLD to zero and
continue with Data Goup C. If only surface water exchanges
are to be read, set NRFLD to 1 and input the proper val ues
in records 2-6 and 12. |If pore water exchanges are to be
read, set NRFLD to 2 and input the proper values in records
2-12.

Record 2--Exchange Tinme Functions for Surface Water Field (15,

2F10. 0)

NTEX(1) = nunber of exchange tinme functions for field
1. (15

SCALR = scal e factor for exchange coefficients. Al
exchange coefficients for field 1 wll be
mul tiplied by this factor. (F10.0)

CONVR = conversion factor for exchanges in field 1.

(F10.0)
To skip surface water exchange field, set NTEX(1l) to zero
and continue with the pore water exchange field (record 7)
or the exchange bypass options (record 12).
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DATA GROUP B
Records 3-6 are input as a group NTEX(1) tines:

Record 3--Exchange Data (15)

NORS( 1, NT) = nunber of exchanges for field 1, tinme
function NT. (I15)

Record 4--Areas, Characteristic Lengths (2F10.0, 215)

A(K) = area in square neters for exchange pair K
(F10.0)
EL( K) = characteristic length in neters for exchange

pair K (F10.0)

| R(CK), JR( K) segnents between whi ch exchange occurs. The

order of the segnents is uninportant. (215)
Record 4 is repeated NORS(1, NT) tines.

Record 5--Nunber of Breaks in Tine Function (15)

NBRKR( 1, NT) = nunber of values and tinmes used to describe
di spersion coefficient piecew se-linear tine
function. (I15)

Record 6--Pi ecewi se Linear Dispersion Tine Function (4(F10.0,

F10.0))

RT( K) = val ue of dispersion coefficient in nf/sec at
time TR(K). (F10.0)
TR(K) = time in days. (F10.0)

Record 6 is repeated NBRKR(1, NT)/4 tines.

Record 7--Exchange Tinme Functions for Pore Water Field (15,
2F10. 0)

NTEX( 2) = nunber of exchange tinme functions for field
2. (15)

SCALR = scal e factor for exchange coefficients. Al
exchange coefficients for field 2 wll be
mul tiplied by this factor. (F10.0)

CONVR = conversion factor for exchanges in field 2.

11



DATA GROUP B
(F10. 0)

To skip pore water exchange field, set NTEX(2) to zero and
continue with record 12.

Records 8-11 are input as a group NTEX(2) tines:

Record 8--Exchange Data (15)

NORS(2, NT) = nunber of exchanges for field 2, tinme
function NT. (I15)

NT = 1, NTEX(2)

Record 9--Areas, Characteristic Lengths (2F10.0, 215)

A(K) = area in square neters for exchange pair K
(F10.0)
EL( K) = characteristic length in neters for exchange

pair K (F10.0)

| RCK) , JR(K)

segnents between whi ch exchange occurs. The
order of the segnents is uninportant. (215)

Record 9 is repeated NORS(2, NT) tines.

Record 10--Nunber of Breaks in Tine Function (15)

NBRKR( 2, NT) = nunber of values and tinmes used to describe
di spersion coefficient piecew se-linear tine
function. (I15)

Record 11--Pi ecewise Linear D spersion Tinme Function (4(F10.0,

F10.0))

RT( K) = val ue of dispersion coefficient in nf/sec at
time TR(K). (F10.0)
TR(K) = time in days. (F10.0)

Record 11 is repeated NBRKR(2,NT)/4 tines.

Record 12--Exchange Bypass Options (1615)

RBY( K) = exchange bypass option for systemK, 0 =
exchange occurs in systemK;, 1 = bypass

12



DATA GROUP B
exchange for system K. (15)

K = 1, NOSYS

Record 1 is entered once for Data G oup B. Records 2
through 6 are input for the surface water exchange field, with
Records 3, 4, 5, and 6 being repeated for each tinme function in
this exchange field. Record 4 uses as many |ines as necessary to
i nput NORS sets of A(K), EL(K), IR(K), and JR(K), with 1 set on
each line. Record 6 uses as many |ines as needed to i nput NBRKR
pairs of RT(K) and TR(K), with 4 pairs occupying each |ine.

Records 7 through 11 are input for the pore water exchange
field, wwth Records 8, 9, 10, and 11 being repeated for each tine
function in this exchange field. Record 9 uses as many lines as
necessary to input NORS sets of A(K), EL(K), IR(K), and JR(K)
with 1 set on each line. Record 11 uses as many |ines as needed
to input NBRKR pairs of RT(K) and TR(K), with 4 pairs occupying
each |ine.

After data for all exchange fields are entered, Record 12 is
input on the followng line with NOSYS entries.

13



DATA GROUP C
CHAPTER 4
DATA GROUP C.  VOLUMES
Initial segnent volunmes are provided in Data Goup C. In
addi tion, segnent type and underlying segnent nunbers are
specified. Hydraulic geonetry information can be given to derive
segnent average depth and velocity as a function of flow These

values are used in reaeration and volatilization cal cul ati ons
only (not in the basic transport cal cul ations.)

4.1 RECORD FORVATS

Record 1--Prelimnary Data (215, F10.0, 60X)

| VOPT = wat er columm vol une option -- 1 = constant
wat er colum vol unes; 2, 3 = volunes adjusted
to maintain flow continuity. (I5)

| BEDV = bent hi ¢ vol unme option -- 0 = constant bed
vol unmes; 1, bed vol unes change in response to
sedi nent transport. (I5)

TDI NTS = benthic time step in days for reconputing
porosity (if IBEDV = 0) or for sedi nent bed
conpaction (if IBEDV = 1). (F10.0)

TI TLE = name of data group. (60X

Record 2--Scale Factors (2F10.0)

SCALV = scale factor for volunes. Al volunes wll
be multiplied by this factor. (F10.0)

CONWV = conversion factor for volunmes. (F10.0)
Record 3 is repeated NOSEG ti nes:

Record 3--Seqgnent Types and Vol unes (3110, 5F10.0)

| SEG = segnent nunber.
| BOTSG

segnent imedi ately below | SEG (110)
| TYPE(| SEG)

segnent types: 1 = surface water segnment, 2 =
subsurface water segnment, 3 = upper bed

14



DATA GROUP C

segnent, 4 = |ower bed segnment. (110)
BVOL(I SEGQ = vol une of segnent |ISEG in cubic neters.
(F10.0)
VMULT(I SEG = hydraulic coefficient "a" for velocity in
| SEG as a function of flow
Vv = a Q@
If b =0, VMILT is a constant velocity
in msec. (F10.0)

VEXP( | SEG) = hydraul i c exponent "b" for velocity in | SEG
as a function of flow (0-1). A value of 0.4
represents rectangul ar channels. (F10.0)

DMULT(I SEG = hydraulic coefficient "c" for depth of |SEG
as a function of flow
d = c @
If d = 0, DMILT is a constant depth in
m ( F10. 0)
DXP(I SEG = hydraul i c exponent "d" for depth of | SEG as a

function of flow (0-1). A value of 0.6
represents rectangul ar channels. (F10.0)

Note that the four hydraulic geonetry paraneters are used to
cal cul ate segnent velocity and depth, which are not used by WASP5
in transport calculations. These are used to calculate
reaeration or volatilization from segnents.

Records 1 and 2 are entered once for Data Goup C Record 3
is repeated NOSEG tines. If ICFL = 2 in Data G oup A volunes
are read fromthe restart file ( *.RST, where * is the input data
set nane), and Records 2 and 3 should not be included in the
i nput data set.

15



DATA GROUP D
CHAPTER 5
DATA GROUP D: FLOWS
5.1 RECORD FORVATS

Data Group D provides for the advective transport flows that
are used in the nodel. Flows may be input for up to 6 transport
fields. Field one consists of advective flows in the water
colum. Field two consists of pore water flows. Fields three,
four, and five consist of sedinment transport velocities and
cross-sectional areas for solids. A separate sedinent transport
field is specified for each of up to 3 solids types. Field six
is for evaporation and precipitation velocities and cross-
sectional areas. Al flows may vary in time according to
pi ecewi se linear tinme functions.

Record 1 is read first. If 1QOPT =1 or 2, Data Block D1 is
read next; if 1QOPT = 3, Data Block D1 is skipped. Data Bl ocks
D2, D3, D4, D5, and D6 followin order for NFIELD = 2, 3, 4, 5,
and 6, respectively. Followng all specified Data Bl ocks, Record
32 is read.

Record 1--Data | nput Options: Nunber of Flow Fields (215, Al2)

| QOPT = fl ow option:

1 =field one (advective) flows are specified
directly by user. Individual flows at each
segnent interface are summed by the nodel

and the net flowis applied across the
interface.

2 =field one flows are specified directly by
the user. Individual flows at each segnent
interface are applied directly by the nodel.

3 =flows are read froma formatted file
created by DYNHYD5 or other hydrodynam c
nmodel . (15)
NFlI ELD nunber of flow fields. The first two fields
are surface water and pore water flows. An
additional field (3, 4, or 5) is used for
each type of solid nodeled. Field 6 is used
for evaporation and precipitation. If no

16



DATA GROUP D

flows are used, set NFIELD to zero and
continue with Data G oup E. (15)

HYDFI L = name of hydrodynamc file to be read by WASP5
during the sinulation (for exanple,
Rl VERL1. HYD). (Al2)

DATA BLOCK D1: Direct Input of Field One Flows (1 QOPT = 1, 2)

Record 2--Nunber of Flow Tine Functions (15, 2F10.0)

NI NQ( 1) = nunber of tinme functions for Field One. If
no flows are used in field one, set NINQ to
zero and skip to next field. (15)

SCALQ = scaling factor. Al flows in Field one are
mul tiplied by SCALQ (F10.0)
CONVQ = units conversion factor. (F10.0)

Records 3 - 6 are input as a group NINQ(1) tines:

Record 3--Nunber of Flows (I15)

NOQS(1, NI ) = nunber of unit flow responses in field one,
time function NI; each unit flow is defined
for a single segnment pair. (15)

Record 4--Flow Routing for Field One (4(F10.0, 2115))

BQ(1, N, K = portion of flow for field one, time function
NIl that flows between segnment pair K (F10.0)

JQ 1, N, K upstream segnent. (15)

11, NI, K)

downst ream segnent. (I15)
Record 4 is repeated NOQS(1,N)/4 tines.

Record 5--Nunber of Breaks in Advective Tine Functions (15)

NBRKQ 1, NI') = t he nunber of flows and tines used to
descri be piecewise linear tinme function NI .
(15)

17



DATA GROUP D

Record 6--Pi ecewi se Li near Advective Tine Function (4(2F10.0))

Qr(1,NI,K = advective flowin n¥/s. (F10.0)
TQ L1, N ,K = time in days. (F10.0)

Record 6 is repeated NBRKQ(1l, NI) tines.

Record 2 is input once for Data Block DlI. Records 3, 4, 5,
and 6 are input once for each flow tinme function. Record 4 uses
as many lines as needed to input NOQ sets of BQ JQ and IQ
with four sets per line. Record 6 uses as many |ines as
necessary to input NBRKQ sets of QI and TQ wth four sets on
each |ine.

DATA BLOCK D2: Field Two (Pore Water) Flows
Record 7--Nunber of Pore Water Tine Functions (15, 2F10.0)

NI NQ( 2) = nunber of pore water tinme functions. |[If no
flows are used in Field Two, set NEINQ to zero
and skip to sedinent transport fields. (15)

SCALQ = scaling factor for pore water flows.
(F10.0)
CONVQ = units conversion factor. (F10.0)

Records 8 - 11 are input as a group NINQ 2) tines:

Record 8--Nunber of Flows (I15)

NOQS(2,NI) = nunmber of segnent pair flows in Field 2, tine
function NI. (I5)

Record 9--Flow Routing for Field Two (4(F10.0, 215))

BQ(2,N,K = portion of pore water flow for time function
NIl that flows between segnment pair K (F10.0)

JQ 2, N, K

upstream segnent. (15)
lQ2,N,K = downstream segnent. (15)

Record 9 is repeated NOQS(2, Nl )/ 4 tines.

18



DATA GROUP D

Record 10--Nunber of Breaks in Pore Water Tine Function (15)

NBRKQ 2, NI') = nunber of pore water flows and tinmes used to
descri be piecewise linear tinme function N
(15)
Record 11--Piecewi se Linear Velocity Tinme Function (4(2F10.0))
Qr(2,Nl,K)y = pore water flow in n¥/s. (F10.0)
TQ2,N,K) = time in days. (F10.0)

Record 11 is repeated NBRKQ 2, Nl )/4 tines.

Record 7 is input once for Data G oup D2. Records 8, 9, 10
and 11 are input once for each pore water time function. Record
9 uses as many lines as necessary to input NOQS sets of BQ JQ
and 1Q with four sets on each line. Record 11 uses as nmany
| ines as necessary to input NBRKQ sets of QI and TQ wth four
sets on each line.

DATA BLOCK D3: Sedinment 1 Transport Field

Sedi nent transport flow data are input as velocities and
areas. Velocities may vary in time, and represent settling,
sedi nent ati on, deposition, and scour. Only solids and sorbed
chem cal are transported by these fields. A separate field is
specified for each sedinent size fraction. |If no solids are
nodel ed, skip directly to Record 32 (Fl ow Bypass Options).

Record 12--Nunber of Velocity Tine Functions (15, 2F10.0)

NI NQ( 3) = nunber of velocity tinme functions for Field
3. (15
SCALQ = scaling factor for velocities. (F10.0)

CONVQ = units conversion factor. (F10.0)
Records 13 - 16 are input as a group NINQ3) tines:

Record 13--Nunber of Segnment Pairs (15)

NOQS(3,NI) = nunber of segnent pairs involved in sedinent
1 transport. (15)
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Record 14--Areas for Settling, Resuspension (4(F10.0, 215))

BQ(3,N,K) = area in square neters between segnent pair K
(F10.0)
JQ3,N,K = segnent sedinent is transported from (I15)

lQ3,N,K) = segnent sedinent is transported to. (15)
Record 14 is repeated NOQS(3,N)/4 tines.

Record 15--Nunber of Breaks in Velocity Tine Function (15)

NBRKQ( 3, NI') = nunber of velocities and tines used to
descri be piecewi se linear tinme function N
(15)

Record 16--Pi ecewise Linear Velocity Tine Function (4(2F10.0))

Qr(3, NI, K)

sedinment 1 transport velocity in ms.
(F10.0)

TQ3,N,K) = time in days. (F10.0)

Record 16 is repeated NBRKQ(3,Nl)/4 tines.

Record 12 is input once for Data Block D3. Records 13, 14,
15 and 16 are input for each velocity tinme function. Record 14
uses as many |lines as needed to input NOQ sets of BQ JQ and
|Q wth four sets on one Iine. Record 16 uses as many |ines as
needed to input NBRKQ sets of QI and TQ wth four sets per |ine.

DATA BLOCK D4: Sedinment 2 Transport Field

Sedi nent transport flow data are input as velocities and
areas. Velocities may vary in time, and represent settling,
sedi nent ati on, deposition, and scour. Only solids and sorbed
chem cal are transported by these fields. A separate field is
specified for each sedinent size fraction. |If no solids 2 are
nodel ed, enter O for NINQ 4), then skip directly to the next data
bl ock.

Record 17--Nunber of Velocity Tine Functions (15, 2F10.0)
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NI NQ(4) = nunber of velocity tinme functions for Field
4. (15)

SCALQ = scaling factor for velocities. (F10.0)

CONVQ = units conversion factor. (F10.0)

Records 18 - 21 are input as a group NINQ4) tines:

Record 18--Nunber of Segnment Pairs (15)

NOQS(4,NI) = nunber of segnent pairs involved in sedinent
2 transport. (I5)

Record 19--Areas for Settling, Resuspension (4(F10.0, 215))

BQ(4,N ,K) = area in square neters between segnent pair K
(F10.0)
JQ4,N,K) = segnent sedinent is transported from (I15)

| (4, NI, K)

segnent sedinent is transported to. (15)
Record 19 is repeated NOQS(4,Nl)/4 tines.

Record 20--Nunber of Breaks in Velocity Tine Function (15)

NBRKQ 4, NI') = nunber of velocities and tines used to
descri be piecewise linear tinme function N
(15)

Record 21--Piecewise Linear Velocity Tine Function (4(2F10.0))

Qr(4, NI, K)

sedinment 2 transport velocity in ms.
(F10.0)

TQ 4, NI, K) time in days. (F10.0)

Record 21 is repeated NBRKQ 4, Nl )/4 tines.

Record 17 is input once for Data Block D4. Records 18, 19,
20 and 21 are input for each velocity time function. Record 19
uses as many |lines as needed to input NOQ sets of BQ JQ and
|Q wth four sets on one line. Record 21 uses as many |ines as
needed to input NBRKQ sets of QI and TQ wth four sets per |ine.

21



DATA GROUP D
DATA BLOCK D.5: Sedinent 3 Transport Field

Sedi nent transport flow data are input as velocities and
areas. Velocities may vary in time, and represent settling,
sedi nent ati on, deposition, and scour. Only solids and sorbed
chem cal are transported by these fields. A separate field is
specified for each sedinent size fraction. |If no solids 3 are
nodel ed, enter O for NINQ 5), then skip directly to the next data
bl ock.

Record 22--Nunber of Velocity Tine Functions (15, 2F10.0)

NI NQ( 5) = nunber of velocity tinme functions for Field
5. (15)

SCALQ = scaling factor for velocities. (F10.0)

CONVQ = units conversion factor. (F10.0)

Records 23 - 26 are input as a group NINQ5) tines:

Record 23--Nunber of Segnment Pairs (15)

NOQS(5,NI) = nunber of segnent pairs involved in sedinent
3 transport. (I15)

Record 24--Areas for Settling, Resuspension (4(F10.0, 215))

BQ(5, N ,K) = area in square neters between segnent pair K
(F10.0)
JQ5,N,K) = segnent sedinent is transported from (I15)

Q5 N,K = segnent sedinent is transported to. (15)
Record 24 is repeated NOQS(5,N)/4 tines.

Record 25--Nunber of Breaks in Velocity Tine Function (15)

NBRKQ( 5, NI') = nunber of velocities and tines used to
descri be piecewise linear tinme function N
(15)

Record 26--Pi ecewise Linear Velocity Tine Function (4(2F10.0))

Qr(5 N ,K) = sediment 3 transport velocity in ms.
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(F10.0)
TQ5,N,K) = time in days. (F10.0)

Record 26 is repeated NBRKQ(5,NI)/4 tines.

Record 22 is input once for Data Block D5. Records 23, 24,
25 and 26 are input for each velocity tinme function. Record 24
uses as many |lines as needed to input NOQ sets of BQ JQ and
|Q wth four sets on one line. Record 26 uses as many |ines as
needed to input NBRKQ sets of QI and TQ wth four sets per |ine.

DATA BLOCK D6: Evaporation and Precipitation Field

Evaporation and precipitation flow data are input as
velocities and areas. Velocities may vary in time to represent
rainfall events or seasonal evaporation. No chemcal is
transported with evaporation, but volumes are adjusted to

mai ntain continuity. If this field is not nodeled, skip directly
to Record 32 (Flow Bypass Options). After all transport field
data are entered, Record 32 is input with NOSYS entries. |If no

evaporation or precipitation fields are specified, Record 32
follows Data Goup D.5 (solids 3 transport).

Record 27--Nunber of Velocity Tine Functions (15, 2F10.0))

NI NQ( 6) = nunber of velocity tinme functions for Field
6. (15)
SCALQ = scaling factor for velocities. (F10.0)

CONVQ = units conversion factor. (F10.0)
Records 28 - 31 are input as a group NINQ(6) tines:

Record 28--Nunber of Segnment Pairs (15)

NOQS(6, NI ) = nunber of segment pairs involved in
evaporation or precipitation. (15)

Record 29--Areas for Evaporation, Precipitation (4(F10.0, 215))

BQ(6, N ,K) = area in square neters between segnent pair K
(F10.0)
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JQ6,N,K = segnent water is transported from
this is precipitation. (15)
lQ6,N,K = segnent water is transported to; if

is evaporation. (I5)
Record 29 is repeated NOQS(6,N)/4 tines.

Record 30--Nunber of Breaks in Velocity Tine Function (

i f

I
o

=0, this

1 5)

NBRKQ 6, NI ) = nunber of velocities and tines used

to

descri be piecewi se linear tinme function N

(15)

Record 31--Piecewise Linear Velocity Tine Function (4(2

F10.0))

Qr(e6, NI, K)

water transport velocity in nls; if
traditional units of cmday or cmy

nor e
ear are

desired, then specify CONVQ = 1. 1574E ' or

3.169E ', respectively. (F10.0)

TQ(6, NI, K)

time in days. (F10.0)

Record 31 is repeated NBRKQ(6,Nl)/4 tines.

END OF DATA BLOCKS FOR D

Record 32--Fl ow Bypass Options (1615)

@BY( 1 SYS) = fl ow bypass option -- 0 = flow tran

sport

occurs in systemISYS; 1 = flow transport is

bypassed for system|SYS. (15)

| SYS = 1, NOSYS

The fl ow bypass option allows flow transport to be
zero in one or nore systens. The bypass option applies
transport fields.
5.2 THE EXTERNAL HYDRCODYNAM C FI LE

When 1QOPT in Record 1 is set to 3, external flows
volunes will be read froma formatted ASCII file chosen
user. This file begins with information on the WASP5
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calculational tinme step, sinulation start and end tines, and fl ow
connections. The body of the file is conposed of sets of segnent
records and segnent interface records that are repeated every
time step for the entire simulation. The segnment records specify
I nst ant aneous segnment vol unes, depths, and water velocities at
the beginning of a tine step. The segnent interface records
specify average interfacial flows during the tine step.

WASP5 uses the interfacial flows to cal cul ate mass
transport, and the volumes to cal cul ate constituent
concentrations. Segnent depths and velocities are used only to
cal cul ate reaeration or volatilization rates.

Five records conprise the external hydrodynamc file:

Record 1 -- Data Options (215, 3F20.0, 15)

NQSEG = Nunber of segnents connected by flows from
t he hydrodynamc file. (15)

NQ NT = Nunber of interfacial flow pairs fromthe
hydrodynamc file. (15)

DELTQ = WASP5 tinme step; an even multiple of the
hydrodynam c tinme step, seconds. (F20.0)

TBEGQ N = Beginning tinme for the hydrodynamc file, in
seconds. (F20.0)

TEND = Ending tine for the hydrodynamc file, in
seconds. (F20.0)

FI LOPT = Switch controlling the contents of the
hydrodynamc file; O = tine vari abl e segnent
depths and velocities are read; 1 =tinme
vari abl e segnent depths and velocities are
not read. (15)

Record 2 -- Segnent Interface Pairs (215)

1 QJ) = First segnent in interface "J", nomnally
where flowis from (I15)

Second segnent in interface "J", nomnally
where flowis to. (15)

JQJ)

Note that positive values of flowgo fromIQto JQ Negative
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values of flowgo fromJQto IQ
Record 2 is repeated NQ NT tinmes, for J from1l to NQ NT.

Record 3 -- Initial Seqgnent Properties (4F20.0)

BVOL(1)

Vol unme of segnent "I1" at beginning of tine
step, m. (F20.0)

DUMWY = Dummy vari abl e, not used by WASP5. (20.0)

DEPTH(1) = Aver age depth of segnent "I", in neters.
(F20.0)

VELOC = Average velocity of segnment "I", m sec.
(F20.0)

Record 3 is repeated NQSEG tines, for | from1l to NQSEG

Records 4 and 5 are repeated as a unit for the nunber of tine
steps in the water quality simulation, or (TEND - TBEG N)/DELTQ

Record 4 -- Segnent Interfacial Flows (F20.0)

BQ(J) = Average flowin interfacial pair "J" during
the time step, in nf/sec. (F20.0)

Record 4 is repeated NQ NT times, for J from1l to NQNT (in the
sanme order as segnent pairs are given in Record 2).

Record 5 -- Segnent Properties (4F20.0)

BVOL( 1) = Vol une of segnent "I" at end of time step,
nt. (F20.0)

DUMWY = Dummy vari abl e, not used by WASP5. (20.0)

DEPTH(1) = Aver age depth of segnent "I", in neters.
(F20.0)

VELOC = Average velocity of segnment "I", m sec.
(F20.0)

Record 5 is repeated NQSEG tines, for | from1l to NQSEG
Record 1 is input once. Record 2 is repeated NQ NT tines.
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Record 3 is repeated NQSEG tines. Records 4 and 5 are a set, and
are repeated (as a set) (TEND - TBEG N)/DELTQ tinmes. Wthin each
set, Record 4 is repeated NQ NT tinmes and Record 5 is repeated

NQSEG t i nes.
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CHAPTER 6
DATA GROUP E: BOUNDARY CONCENTRATI ONS

Data Group E supplies concentrations for each systemat the
nodel network boundaries. Mdel boundaries consist of those
segnents that inport, export, or exchange water with | ocations
outside the network, as specified in Data G oups B and D. All
system concentrations from1l to NOSEG nust be supplied for each
boundary. Boundary concentrations vary with tine followng a
pi ecewi se linear tine function specified by the user in Records 3
and 4.

6.1 RECORD FORNMATS
Data Goup E is repeated, in its entirety, NOSYS tines.

Record 1--Data | nput Option--Nunmber of Boundary Conditions (110,
70X)

NOBC( K) = nunber of boundary conditions used for system
K. (110)
TI TLE = name of data group. (70X

| f no boundary conditions are to be input for systemK, set
NOBC(K) equal to zero and either continue with the next
systemor go to Data Goup Fif Kis the |last system

Record 2--Scale Factor for Boundary Conditions (2F10.0)

SCALB = scal e factor for boundary conditions. All
boundary conditions will be multiplied by
this factor. (F10.0)

CONVB

unit conversion factor for boundary
conditions. Boundary conditions are expected
to be inng/L (i.e. - g/m), in which case
CONVB will be 1.0. (F10.0)

Records 3-4 are input as a unit NOBC(K) tines:

Record 3--Boundary Location (215)

| BC( K) = boundary segnent nunber. (I15)
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NOBRK(K) = nunber of values and tinmes used to describe
t he broken |ine approxi mati on. The nunber of
breaks nust be equal for all boundary
conditions wthin a system (15)

Record 4--Boundary Concentrations (4(2F10.0))

BCT( K) = val ue of the boundary concentration at tine
T(K) in ng/L. (F10.0)

T(K)

time in days. |If the length of the

si mul ati on exceeds T(NOBRK), the broken |ine
approximation is repeated, starting at T(1),
i.e., the approximation is assuned to be
periodic, with period equation to T(NOBRK)
All break tines nust agree for all segnents,
i.e., T(1) must be the sane for al
boundaries, T(2) nust be the sane for al
boundaries, etc. (F10.0)

Record 4 is repeated NOBRK(K)/4 tines.

Records 1 and 2 are entered once. Records 3 and 4 are a set
and are repeated NOBC tinmes. Wthin each NOBC set, Record 3 is
entered once and Record 4 is repeated until NOBRK entries are
input. Four entries (four BCT(K)-T(K) pairs) will fit on each
80-space line. The whole group (Records 1 - 4) is repeated NOSYS
ti mes, once for each nodel system

6.2 THE EUTROPH CATI ON MODEL

When running EUTRO4, Data Group Eis input 8 tinmes, once for
each system For those systens bei ng bypassed, the user may
specify O for the nunmber of boundary conditions, and skip to the
next system

The user should be careful to note that boundary
concentrations for system4, phytoplankton, are input as
chlorophyll a, in pg/L. These are transforned internally to
phyt opl ankt on carbon using the carbon to chlorophyll ratio, which
is specified in Data G oup H as constant 46.

6.3 THE TOXI C CHEM CAL MODEL
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When running TOXI 4, Data Group E is input NOSYS tines, once
for each systemsinulated. NOSYS is specified in Data G oup A,
and has a maxi num val ue of 6. For those systens bei ng bypassed,
the user may specify O for the nunber of boundary conditions, and
skip to the next system

The user should be careful to note that all boundary
concentrations are input in the standard WASP units of ng/L (even
t hough the out put concentrations for chemcal are in units of
Mg/ L.)
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CHAPTER 7

DATA GROUP F:  WASTE LOADS

Data Group F is conposed of two bl ocks of data. Data Bl ock
F1 contains the point source waste | oads used in the nodel.
These | oads vary with tinme followng a piecewi se linear tine
function specified by the user in Records 3 and 4. Follow ng
conpl ete specification of point source |oads, nonpoint source
| oads are read from Data Bl ock F2, which is conposed of only one
record in the input dataset. Nonpoint source |oads vary with
time in a daily step function read froman external |oading file.

7.1 RECORD FORMATS

Data Bl ock F1 (records 1-4) is repeated in its entirety NOSYS
times:

Record 1--Nunber of Point Source Loadings (110, 70X

NOXK( I SYS) = nunber of point source | oadings used for
system | SYS. Loadings may al so be consi dered
as sources (loads) or sinks of a water
quality constituent. |If no |oadings are to
be input, set NOMXK(ISYS) to zero, and
continue with next systemor go to next data
group. (110)

TI TLE = name of data group. (70X

| f no point source |oadings are to be input for system | SYS,
set NOWK(I1SYS) equal to zero and either continue with the
next systemor go to Data Goup Gif ISYSis the |ast
system

Record 2--Scal e Factor for Point Source Loadings (2F10.0)

SCALW = scal e factor for point source |oadings. Al
| oadi ngs for systemISYS will be nultiplied
by this factor. (F10.0)

CONVW = unit conversion factor for point source
| oadi ngs for system | SYS. Loadings are
expected to be in kilograns per day. |If
| oadi ngs are given in English units (pounds
per day), this factor will be 0.4535. (F10.0)

31



DATA GROUP F
Records 3-4 are input as a unit NONK(I SYS) tines:

Record 3--Nunber of Point Sources (215)

| VK( K) = segnent nunber that has point source |oading
BWK(K). (15)

NOBRK( K) nunber of breaks used to describe the |oading
function approxi mation. The nunber of breaks
must be equal for all forcing functions

wthin a system (I15)

Record 4--Point Source Tine Function (4(2F10.0))

VKT ( K) = val ue of the point source |oading at tine
T(K), in kg/day. (F10.0)

T(K)

time in days. |If the length of the

si mul ati on exceeds T(NOBRK), the
approximation is repeated, starting at T(1),
i.e., the approximation is assuned to be
periodic with period equal to T(NOBRK). Al
break tinmes nust agree for all segnents;

i.e., T(1) nust be the sane for all | oads,
T(2) must be the sane for all |oads, etc.
(F10.0)

Record 4 is repeated NOBRK(ISYS)/4 tines.

Records 1 and 2 are input once. Records 3 and 4 are a set
and are repeated (as a set) NONKK tines. Wthin each set, Record
3 is entered once and Record 4 is repeated until all NOBRK
entries are entered. Four entries (WKT(K)-T(K) pairs) wll fit
on each 80-space line. The entire group (Records 1 - 4) is
repeated NOSYS tinmes, once for each system

Data Bl ock F2, record 5, is input once:

Record 5--Nonpoint Source Load Option (110)

LOPT = nonpoi nt source | oad option; a value of O
means that no nonpoint sources wll be read
froman external file; a value of 1 will
cause the nodel to read a set of |oads from
an external file. The user will be pronpted
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by WASP5 to provide information on the
external file. This file and its contents are
descri bed bel ow. (110)

7.2 THE EXTERNAL NONPO NT SOURCE FI LE

When LOPT is set to 1, external nonpoint sources wll be
read froma formatted ASCI| file chosen by the user. This file
contains information on which WASP5 systens and segnents receive
nonpoi nt source | oads, and a record of the nonzero | oads by
system segnent, and day.

Si x records conprise the nonpoint source file.

Record 1--Data Options (Al15, 315)

NPSMOD = Name or description of nonpoint source nodel
or nmethod of generation; this is echoed to
the output file for the record. (Al5)

NUMSEG = Nunmber of segnments receiving nonpoint source
| oads. (I5)

| NTOPT = I nterpol ation option; 1 = step function (only
one in code now). (I5)

NUVSYS = Nunber of WASP systens receiving nonpoint

source loads. (15)

Record 2--Loadi ng Segnments (15)

LSEQ( ) = segnent nunber receiving |oads. (I5)
Record 2 is repeated NUMSEG ti nes.

Record 3--Loadi ng Systens (2015)

LSYS(1) = WASP system nunbers receiving |oads. (15)

Record 4--System Descriptors (Al15)

NAMESY(Il) = Name or description of WASP systens receiVving
| oads. (Al5)

Record 4 is repeated NUMSYS tines.
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Records 5 and 6 are repeated as a unit for the nunber of days
t hat nonzero | oads occur:

Record 5--Loadi ng Days (F10.0)

LDAY = Time in days for the follow ng nonzero | oad.
(F10.0)

Record 6--Nonpoi nt Source Loads (Al5, 20F10.0)

NAMVESY(1) = System name or description (not read in by
WASP).  (A15)

NPSWK(I,J) = Nonpoi nt source | oads for WASP system "I|" at
all | oading segnents "J", in the order
presented in Record 2. Loads are in kg/day.
(20F10. 0)

Record 6 is repeated NUMSYS tines.

Record 1 is input once. Record 2 is repeated NUVSEG ti nes.
Record 3 is then input once. Record 4 is repeated NUVSYS tines.
Records 5 and 6 are a set and are repeated (as a set) NUMSYS
times. Wthin each set, Record 5 is entered once and Record 6 is
repeat ed NUMSYS ti nes.

7.3 THE EUTROPHI CATI ON MODEL

When running EUTRO4, Data Block F1 is input 8 tines, once
for each system For those systens bei ng bypassed, the user may
specify O for the nunber of waste | oads, and skip to the next
system

The user should note that waste | oads for system 4,
phyt opl ankt on, are input as phytopl ankton carbon, in kg/day.

7.4 THE TOXI C CHEM CAL MODEL

When running TOXl 4, Data Block F1 is input NOSYS tines, once
for each systemsinulated. NOSYS is specified in Data G oup A,
and has a maxi num val ue of 6. For those systens bei ng bypassed,
the user may specify O for the nunber of waste | oads, and skip to
t he next system
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CHAPTER 8
DATA GROUP G PARAMETERS

Paranmeters are spatially-variable characteristics of the
wat er body. The definition of the paraneters will vary,
dependi ng upon the structure and kinetics of the systens
conprising each nodel. The input format, however, is constant.
The nunber of paraneters that is specified in Record 1 nust be
i nput for each segnent.

8.1 RECORD FORVATS

Record 1--Nunber of Paraneters (110, 70X)

NOPAM = nunber of paraneters required by the nodel
| f no paranmeters are to be input, set NOPAM
to zero and go to Data G oup H (I110)

TI TLE = name of data group. (70X

Record 2--Scale Factors for Paraneters (4(A5, 15, F10.0))

ANAME(1 SC) = descriptive nane for paraneter |1SC. (A5)

| SC = par anet er nunber identifying
paranmeter. (15)

PSCAL( | SO)

scale factor for paraneter |SC. (F10.0)
Record 2 is repeated NOPAM 4 ti nes.
Records 3-4 are input as a unit NOSEG ti nes:

Record 3--Seqgnent Nunber (110)

| SG = segnent nunber for the foll owm ng paraneter
val ues. (110)

Record 4--Seqnent Paraneters (4(A5, 15, F10.0))

PNAME(1 SC) = an optional one to five al phanuneric
character descriptive nanme for paraneter
PARAM I SG I SC). (A5)

| SC = paranmet er nunber identifying parameter. (15)
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PARAM | SEG, | SC) = t he val ue of paraneter |1SC in segnent | SG
(F10.0)

Record 4 is repeated NOPAM 4 ti nes.

Record 1 is input once in Data G oup G occupying one |ine.
Record 2 has NOPAM entries. Four entries wll fit on one line;
thus, Record 2 uses as nany 80-space lines as needed to enter al
NOPAM entries. Records 3 and 4 are repeated NOSEG tinmes, once
for each segnment. For each segnent, Record 4 uses as many |ines
as needed to enter all NOPAM entri es.

8.2 THE EUTROPHI CATI ON MODEL

Li sted below are the 12 paraneters avail able for EUTRO4
simulations. Six representative |levels of analysis were outlined
in Table 1. For Level 1 and 2 anal yses, only TMPSG TMPFN
SOD1D, and SODTA (3, 4, 9, and 11) need be specified. Spatially-
vari abl e reaeration rate constants may be directly specified
using REARSG (14). For Level 3 analysis, VELFN, FNH4, and TOTLI M
(1, 7, and 13) may be added (DEPTH, VELFN, and TOTLIM are used to
conpute reaeration; if rate constant K2 is specified (Constant
82), then VELFN, REARSG and TOTLIM can be omtted; if paraneter
REARSG i s specified, then VELFN and TOTLIM can be omtted). For
anal yses at Level 4 and above, all paraneters should be
consi der ed.

| SC ANAME Definition and Units

1 VELFN Pointer to the tinme-variable velocity function
to be used for ISEG The four velocity functions
are defined by the user in data group |

2 SAL Average salinity of ISEG in g/L; used in
cal cul ati on of DO saturation.

3 TMPSG Segnent tenperature multiplier (CC. TMSG varies
overspace and can be either actual tenperature or
a normalized function, depending on the definition
of TEMP. TMPSGE | SEG * TEMP(TMPFN(|I SEG) = STP,
the tenperature of segnment | SEG

4 TMPEN Fl ag designating the tinme-variable tenperature
function to be used for ISEG The four
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tenperature functions are defined by the user in
data group I.

5 KESG Segnent extinction coefficient multiplier (m?).
KESG vari es over space and can be either an actual
extinction coefficient or a normalized function,
depending on the definition of KE. KESEH I SEG *
KE(KEFN( 1 SEG)) = Ke, the extinction coefficient
for segnment | SEG

6 KEFN Poi nter designating the tinme variable extinction
coefficient (KE) to be used for segnent | SEG The
five extinction coefficients available are defined
in data group |

7 FNH4 Average ammonium flux multiplier for segnment
(ng/ nt- day) .

8 FPO4 Aver age phosphate flux multiplier for segnent
(ng/ nt- day) .

9 SOD1D Sedi nent oxygen demand for segnent (g/nt-day).

10- RLGHTS Used internally; not specified by the user.
11

12 SODTA Segnent specific tenperature correction
coefficient (theta) for sedi nent oxygen demand.

13 TOTLI M Segnent specific percent shading.

14 REARSG Segnent specific reaeration rate constant
mul tiplier, used in conbination with tinme function
REAR.

8.3 THE TOXI C CHEM CAL MODEL

Li sted below are the 18 paraneters that may be used by
TOXI 4. The user need input only those required to nodel the
particul ar reactions being considered. For solids, equilibrium
and kinetics Level 1, no paraneters are necessary.
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| SC

ANAME

DATA GROUP G

Definition, Units, and Reacti ons Affected

10

11
12

13

14

15

VELFN

TMPEN

TEMP

WV/EL

REAR

FOC 1
FOC 2
FOC 3
CHPHL

PH
XKE2

OXRAD

BAC

EXENV

Pointer to water velocity time function (1-4);
V.

Pointer to normalized tenperature tinme function
(1-4); ALL.

Mul tiplier for water tenperature tinme function
(EC); ALL.

Multiplier for wind velocity (10 neters above
segnent surface) tinme function (neters/sec); V.

Multiplier of time function 5, whose definition
depends on volatilization option XV (constants
236, 736, 1336) :

XV =1 volatilization rate constant (n day)

XV = 2,3 oxygen reaeration rate constant (m day)
XV = 4,5 REAER not used; enter 0; V.

Di ssol ved organi c carbon concentrations (ng/L);
S, P

Fraction organic carbon of solids class 1; S.

Fraction organic carbon of solids class 2; S.
Fraction organic carbon of solids class 3; S.

Mul tiplier for phytopl ankton chl orophyl |
concentration time function (ng/L); P

Mul tiplier for pHtinme function; H, 1.

Li ght extinction coefficient for photochem cally
active light (1/nmeter); this value is used only
for photolysis option XPHOTO = 2 (constants

286, 886, 1486). For photolysis option 1 or 2
when XKE2 = 0.0 the extinction coefficient is
cal cul ated fromsolids, DOC, and chl orophyll
concentrations; P

Concentration of oxidants, such as O for HG
(noles/L); O

Density of active bacteria (cells/100 cc) the
units for bacterial density nust be consistent

wi th those used for the second order

bi odegradation rate constants KBI Q20 (constants
146- 160, 746-760, 1346-1360); the product of BAC
and KBl Q20 nust be units of day?!; B

Property of aquatic environnent that affects the
user-defined "extra reaction.” The units for
EXENV nust be consistent wth those used for
second order rate constants KE20 (constant 576-
590, 1176-1190, 1776-1790); the product of EXENV
and KE20 nust yield units of day!; E.
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| SC ANAME Definition, Units, and Reacti ons Affected

16 TOTKG 1 Total lunped first-order decay rate constant for
chenmical 1 in segnment (day?).

17 TOTKG 2 Total lunped first-order decay rate constant for
chenmical 2 in segnment (day?).

18 TOTKG 3 Total lunped first-order decay rate for chem ca
3 in segnent (day?).

| = ionization, S = sorption, V = volatilization, B =

bi odegradation, H = hydrolysis, O = oxidation, P = photolysis, E

= extra reaction

For equilibriumlevel 2, FOC 1 is used to enter partition
coefficients. For equilibriumlevels 3 and above, FOC 1 is
fraction organic carbon of solids class 1. DOC may be entered.
If two or three solids classes are being sinmulated (solids |evel
4), then FOC 2 and FOC 3 nmust be entered. For equilibriumlevel
5, PH val ues are necessary.

At kinetics level 2, TOTKG 1 is specified. |[If tw or three
chem cals are being sinmulated at this |evel, then TOTKG 2 and
TOTKG 3 nust be specified. Kinetics level 3 may require the
remai ni ng paraneters, depending on the kinetic processes of
inportance. |If water tenperatures differ significantly from
20EC, then TEMP may be necessary for all processes (depending on
the accuracy required of the simulation). Volatilization
requi res REAR for options 1, 2, and 3, but not for 4 and 5. If
reareation values are not available for volatilization options 2
and 3, then rates can be calculated internally if paraneters
DEPTH and VELOC are given. Volatilization options 4 and 5
requi re paraneter WEL.

Phot ol ysi s requires DEPTH values. In addition photolysis
option 1 requires DOC and CHPHL. Photolysis option 2 may use
ei ther DOC and CHPHL val ues or XKE2 val ues. The renaining
processes of hydrolysis, oxidation, biodegradation, and extra
reaction require one paraneter each: PH, OXRAD, BAC, and EXENV
respectively.
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DATA GROUP H
CHAPTER 9

DATA GROUP H:  CONSTANTS

The definition of the constants will vary, dependi ng upon
the structure and kinetics of the systens conprising each nodel.
This data group is subdivided into gl obal constants and constants
for each system (thus NOSYS+1l groups are read). Each of these
groups can be subdivided into any nunber of fields containing
simlar kinds of data.

9.1 RECORD FORVATS

Record 1--Header (80X)

TI TLE = name of data group. (80X
Records 2-4 are input as a group NOSYS+1 tinmes:

Record 2--Data Fields in Goup |ISYS (A10, 110)

CHNAME( | SYS) = a ten-character descriptive nane for System
(1SYS). (A10)
NFLD = nunmber of fields of constants for this group;

0 = no constants for this group; the user may
subdi vide the constants into any nunber of
arbitrary fields. (I10)

I f no constants are to be input for this group, set NFLD
equal to zero and continue with next group. Records 3 and 4
are repeated as a unit NFLD tines.

Record 3--Nunber of Constants in Field (A10, 110)

FLDNAME = ten-character nanme identifying field of
constants. (A10)

NCONS = nunber of constants to be entered in this
field; O = no constants for this field (skip
to next field). (110)

Record 4--Constants (2(A10, 110, F10.0))

TNAME(I SC) = name identifying constant |SC. (Al0)
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| SC = nunber identifying constant; these nunbers
are set by nodel devel oper. (110)
CONST(1SC) = val ue of constant |SC. (F10.0)

Record 4 is repeated NCONS/ 2 tines.

Record 1 is entered once in Data Goup H Records 2 through
4 are entered as NOSYS + 1 groups. For each group, Records 3 and
4 are entered NFLD tinmes. For each field, Record 4 uses as many
lines as needed for NCONS entries (2 per line).

9.2 THE EUTROPHI CATI ON MODEL

Li sted bel ow are the 42 constants available for a ful
eutrophi cation sinmulation. Chapters 4 and 5 discuss the
constants required for each level of conplexity in dissolved
oxygen and eutrophication nodeling. Default values for constants
are 0 unl ess ot herw se not ed.

I SC ANANME Definition and Units

11 K12C Nitrification rate at 20EC, per day.

12 K12T Iegperature coefficient for K1320C. Default =

13 KNI T Hal f - saturation constant for
nitrification-oxygen limtation, mg O/L.

21 K20C Denitrification rate at 20EC, per day.

22 K20T Tenperature coefficient for K140C. Default = 1.0.

23 KNG3 Hal f -saturation constant for denitrification
oxygen limtation, ngQO/L.

41 K1C Saturated growh rate of phytoplankton (day?).

42 K1T Tenperature coefficient. Default = 1.0.

43 LGHTS Light fornulation switch: LGHTS = 1, use DI Toro

et al. (1971) fornulation; LGHTS = 2, use Dick
Smth's (USGS) fornulation. Default =1
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44

45

46

a7

48

49

50

51

52
53

54

55

56

PHI MX

XKC

CCHL

| S1

KMNGL

KMPGL

K1RC

K1RT

K1D

K1G

NUTLI M

KPZDC

KPZDT

DATA GROUP H

Maxi mum quantum yi el d constant. Used only when
LGHTS = 2, ng C nole photons. Default = 720.

Chl orophyl | extinction coefficient. Used only
when LGHTSW= 2, (ng chla/nf)"*/m Default =
0.017.

Car bon-to-chl orophyl|l ratio. Used only when
LGHTSW = 1 (ng carbon/ng chl a). Default = 30.

Saturation light intensity for phytopl ankton.
Used only when LGHTSW = 1 (Ly/day). Default = 300.

Ni trogen hal f-saturation constant for nitrogen for
phyt opl ankton grow h, which also affects amoni a
preference, ng-N L. NOTE: This affects amoni a

pr ef er ence:

0, PNH3GL
Large, PNH3GL

1.0
NHy/ (NH; + NG;)

NOTE: For standard nodel
application, use a | arge KVMNGL.

Phosphorous hal f-saturation constant for
phyt opl ankton grow h, nmg PO,- P/ L.

Endogenous respiration rate of phytoplankton at
20EC, day™*.

Tenperature coefficient for phytoplankton
respiration. Default = 1.0.

Non- predat ory phytopl ankt on death rate, day’.

Grazing rate on phytopl ankton per unit zoopl ankton
popul ation, L/cell-day.

Nutrient limtation option. O = mninum 1 =
mul tiplicative. Default = 0.

Deconposition rate constant for phytopl ankton in
t he sedi nent at 20EC, per day.

Tenperature coefficient for deconposition of
phyt opl ankton in sedinent. Default = 1.0.

42



57

58

59

71

72

73

74

75

81

82

91

92

PCRB

NCRB

KMPHY

KDC

KDT

KDSC

KDST

KBCD

OCRB

K71C

K71T

DATA GROUP H

Phosphorus-to-carbon ratio in phytopl ankton, ng
Pfmg C. Default = 0.025.

Ni trogen-to-carbon ratio in phytoplankton, ng N ny
C. Default = 0.25.

Hal f - saturati on constant for phytoplankton, ngy
carbon/L. NOTE: As phytopl ankton concentrations
increase, mneralization rates for organic

ni trogen and organi ¢ phosphorus increase. |If
KMPHY is small, there is little phytopl ankton
effect on mneralization. |If KMPHY is large, a

| arge concentration of phytoplankton is needed to
drive mneralization. For standard nodel
application, use KMPHYT = O.

CBOD deoxygenation rate at 20EC, per day.

Tenperature coefficient for carbonaceous
deoxygenation in water colum. Default = 1.0.

Deconposition rate of carbonaceous BOD in the
sedi nent at 20EC, per day.

Tenperature coefficient for carbonaceous
deoxygenation in the sedinent. Default = 1.0.

Hal f saturation constant for carbonaceous
deoxygenati on oxygen |limtation.

Oxygen to carbon ratio in phytoplankton, ng O/ ng
C. Default = 32/12.

Reaeration rate constant at 20EC for entire water
body, day'. NOTE: |If K2 is not entered, the
reaeration rate will be calculated as the product
of paraneter REARSG and tinme function REAR I|f
paraneter REARSG is not entered, the reaeration
rate will be calculated fromwater velocity,
depth, and w nd velocity.

M neralization rate of dissolved organic nitrogen,
per day.

Tenperature coefficient for KL013C. Default =
1.0.
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93 KONDC Deconposition rate constant for organic nitrogen
in the sedi nent at 20EC, per day.

94 KONDT Tenperature coefficient for deconposition of
organic nitrogen in the sedinent. Default = 1.0.

95 FON Fraction of dead and respired phytopl ankton
nitrogen recycled to organic nitrogen. Default =
1.0.

100 K83C M neralization rate of dissolved organic
phosphorus, per day.

101 K83T Tenperature coefficient for K58C. Default = 1.0.

102 KOPDC Deconposition rate of organic phosphorus in the
sedi nent at 20EC, per day.

103 KOPDT Tenperature coefficient for deconposition of
organi ¢ phosphorus in the sedinent. Default =
1.0.

104 FOP Fraction of dead and respired phytopl ankton

phosphorus recycled to organi c phosphorus.
Default = 1.0.

9.3 THE TOXI C CHEM CAL MODEL

A | arge nunmber of constants are available to characterize
the various chem cal reactions at different |levels of conplexity.
Very few need be specified for any one sinulation. Table 3
summari zes the constants that may be used for equilibrium and
kinetics level 1. Only tw of these need be specified--

PI XC(1,1) and either a half life or a first order rate constant.
For equilibriumand kinetics |level 2, no constants need be
specified--partition coefficients and rate constants are entered
Vi a paraneters.

For kinetics level 3, sone general chem cal constants are
usual ly available, as summarized in Table 4. MW, SOLG and
VAPRG are sonetimes used in volatilization conputations, while
LKOW can be used in sorption cal cul ations.

If a chemcal is ionic, then constants from Table 5 may be
specified. For each ionic specie I, SPFLE ) and PKA(l) nust be
specified. EPKA(lI) may also be given. lonic speciation is
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considered to be equilibriumlevel 5. The presence of ionic
species requires significantly nore data specifications for the
remai ni ng processes.

Hydr ophobi ¢ sorption at equilibriumlevels may be simul ated
with constants fromTable 6. If LKOC is unknown, then LKOW AQ,
and Al should be specified (if A0 and Al are unknown, they
default to log 0.6 and 1, respectively). NUX(1l) and PI XC(I, 1)
shoul d be left out. Solids-dependent partitioning constitutes
equi libriumlevel 4. NUX(1) should be given a value of around 1
For equilibriumlevel 5, ionic sorption constants nust al so be
specified. Their locations are given in Table 7.

For kinetics level 3, constants nmust be specified for each
rel evant process. Constants for volatilization, biodegradation,
al kal i ne hydrolysis, neutral hydrolysis, acid hydrolysis,
oxi dation, and photolysis are given in Tables 8, 9, 11, 13, 15,
17, 19, and 20, respectively. Constants for a user-specified
extra reaction are given in Table 22. |If ionic speciation is
bei ng considered, then ionic rate constants nust al so be
specified for each existing ionic specie. Locations of these
constants are given in Tables 10, 12, 14, 16, 18, 21, and 23.

For kinetics level 4, reaction products are sinmulated. Four
cases are illustrated in Figure 6.1 (in Part A of this manual).
Yield coefficients for each rel evant process nust be specified.
Yield coefficients for chemcal 1, 2, and 3 reactions are |listed
in Tables 24, 25, and 26. The reactions thenselves need not be
second order to sinulate reaction products.
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TABLE 3 CONSTANTS FOR S| MPLE TOXI 4 REACTI ONS

Const ant Nunber

C C, G Vari abl e Definition
111 711 1311 PI XC(1,1) Constant partition coefficient
for sorption to solids (class
1), I,/kgs
K;: First order loss rate
constants, day?
140 740 1340 KV Vol atilization
141 741 1341 KBW Wat er col um bi odegr adati on
142 742 1342 KBS Bent hi ¢ bi odegr adati on
181 781 1381 KHOH Al kal i ne hydrol ysis
182 782 1382 KHN Neutral hydrolysis
183 783 1383 KHH Aci d hydrolysis
256 856 1456 KO Oxi dat i on
287 887 1487 KF Phot ol ysi s
571 1171 1771 KE Extra reaction
TH Hal f lives for reactions, day
143 743 1343 THBW Wat er col um bi odegr adati on
144 744 1344 THBS Bent hi ¢ bi odegradati on
252 852 1452 THHOH Al kal i ne hydrol ysis
253 853 1453 THHN Neutral hydrolysis
254 854 1454 THHH Aci d hydrolysis
257 857 1457 THO Oxi dati on
289 889 1489 THF Phot ol ysi s
572 1172 1772 THE Extra reaction
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TABLE 4 CGENERAL CHEM CAL CONSTANTS

Const ant Nunber

C C, G Vari abl e Definition
9 609 1209 TDI NT Tinme interval at which rate
constants are reconputed, days
81 681 1281 MOLWI Mol ecul ar wei ght, g/ nole
82 682 1282 SOLG Solubility, ng/L
83 683 1283 VAPRG Vapor pressure, torr
84 684 1284 LKOW Log octanol -water partition

coefficient, LJL,
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TABLE 5 | ONI ZATI ON CONSTANTS

Const ant Nunber

C C, G Vari abl e Definition

85 685 1285 SFLG 1) flags indicating existence of
ionic species +, ++, -, --; if
SPFLG 1) = 1, ionic species |
exi sts

86 686 1286 SFLE 2)

87 687 1287 SFLE 3)

88 688 1288 SFLG 4)

91 691 1291 PKA( 1) For ionic species |, the

constant in the integrated
Van't Hoff equation descri bing
t enper at ure dependence of the
equi | i brium dependence of the
equi l i brium constant for

di ssociation: log K(I) =
-PKA(l) + (EPKA(1)/2.303 R *
[T*T (T-To) ]

92 692 1292 PKA( 2)

93 693 1293 PKA( 3)

94 694 1294 PKA( 4)

95 695 1295 EPKA( 1) For ionic species |, the
activation energy of the
di ssoci ati on reaction,
kcal / nol e

96 696 1296 EPKA( 2)

97 697 1297 EPKA( 3)

98 698 1298 EPKA( 4)

99 699 1299 TREFI Ref erence tenperature at which

di ssoci ati on reaction
constants were neasured, EC
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TABLE 6 SORPTI ON CONSTANTS FOR TOTAL OR NEUTRAL CHEM CAL

Const ant Nunber

C C, G Vari abl e Definition
84 684 1284 LKOW Log 10 of the octanol -water
partition coefficient,
log (LJ/ L)
101 701 1301 LKOC Log 10 of the organic carbon

partition coefficient,
log (Lu/ ko)

102 702 1302 A0 Intercept in the K, - K.
correlation: log K,, = A0 § | og
K., default =1log 0.6

103 703 1303 Al Slope in the K,, - K,
correlation; default = 1.0

106 706 1306 NUX( 1) Sol i ds- dependent partitioning

paraneter (L,) of the chem cal
onto solids; default = 10%
makes K, independent of solids
concentration

111 711 1311 Pl XC(1,1) Solids-independent (limting)
partition coefficient K, for
sorption to solid 1, L,/kg.

116 716 1316 Pl XC(2,1) Solids-independent (limting)
partition coefficient K, for
sorption to solid 2, L,/kg,

121 721 1321 Pl XC(3,1) Solids-independent (limting)
partition coefficient K, for
sorption to solid 3, L,/kg,

If =0, K, for neutral
chem cal will be cal cul ated
from LKOC and paraneter FOC

-- -- -- Pl DOC Partition coefficient for DOC;
for neutral chenmcal, KOC is
used; L/kg
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LOCATI ON OF | ONI C SORPTI ON CONSTANTS

DATA GROUP H

Const ant Nunber

C G G Vari abl e | oni c Sorptive
Speci e Phase
106 706 1306 NUX( 1) 0 S
107 707 1307 NUX( 2) + S
108 708 1308 NUX( 3) ++ S
109 709 1309 NUX( 4) - S
110 710 1310 NUX( 5) - - S
111 711 1311 Pl XC(1, 1) Sl
112 712 1312 Pl XC( 1, 2) + S1
113 713 1313 Pl XC( 1, 3) ++ S1
114 714 1314 Pl XC( 1, 4) - Sl
115 715 1315 Pl XC( 1, 5) - - Sl
116 716 1316 Pl XC( 2, 1) S2
117 717 1317 Pl XC( 2, 2) S2
118 718 1318 Pl XC( 2, 3) ++ S2
119 719 1319 Pl XC( 2, 4) - S2
120 720 1420 Pl XC( 2, 5) - - S2
121 721 1421 Pl XC( 3, 1) S3
122 722 1422 Pl XC( 3, 2) + S3
123 723 1423 Pl XC( 3, 3) ++ S3
124 724 1424 Pl XC( 3, 4) - S3
125 725 1425 Pl XC( 3, 5) - - S3
126 726 1426 Pl DOC( 1) + B
127 727 1427 Pl DOC( 2) ++ B
128 728 1428 Pl DOC( 3) - B
129 729 1429 Pl DOC( 4) - - B
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TABLE 8 VOLATI LI ZATI ON CONSTANTS

Const ant
Nunmber
C C, G Vari abl e Definition
136 736 1336 XV Vol atilization option:
O = no volatilization
1 = measured volatilization
2 = neasured reaeration +
O Conner for gas transfer
3 = neasured reaeration +
MacKay for gas transfer
4 = cal cul ated usi ng O Conner
5 = cal cul ated usi ng MacKay
137 737 1337 HENRY Henry's constant, atm n¥/ nole
138 738 1338 KLT Vol atilization tenperature
correction factor, dinensionless
139 739 1339 KVOG Measured ratio of volatilization
to reaeration rates
2 2 2 WYPE Wat er body type (0 = fl ow ng
stream river, or estuary;
1 = stagnant pond or | ake)
5 5 5 Al RTMP Mul tiplier for air tenperature
time function
8 608 1208 ATMOS At nospheri c concentration of

chem cal, Fg/L
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TABLE 9 SECOND ORDER Bl ODEGRADATI ON CONSTANTS FOR TOTAL FOR
NEUTRAL CHEM CAL

Const ant
Nunmber

C C, G Vari abl e Definition

146 746 1346 KBI20(1,1) Second-order 20EC bi odegradati on
rate constant for aqueous, DOC-
sorbed, and sedi nent - sor ped
phases, niL/cell s-day

151 751 1351 KBI 020(2, 1)
156 756 1356 KBI O20(3, 1)

161 761 1361 QL0DI S(1) Tenperature correction factor for
bi odegr adati on of aqueous, DOC-
sor bed, and sedi nent - sor bed
phases; mnultiplication factor for
10EC tenperature increase

166 766 1366 QLODOC(1)
171 771 1371 QLOPAR(1)
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TABLE 10 LOCATI ON OF | ONI C Bl CDEGRADATI ON CONSTANTS

Const ant Nunber

C G G Vari abl e l oni c Sorptive
Speci e Phase
146 746 1346 KBI C20( 1, 1) 0 W
147 747 1347 KBI Q20( 1, 2) + W
148 748 1348 KBI C20( 1, 3) ++ W
149 749 1349 KBI C20( 1, 4) - W
150 750 1350 KBI Q20( 1, 5) - - w
151 751 1351 KBI Q20( 2, 1) B
152 752 1352 KBI C20( 2, 2) + B
153 753 1353 KBl Q20( 2, 3) ++ B
154 754 1354 KBI Q20( 2, 4) - B
155 755 1355 KBI Q20( 2, 5) - - B
156 756 1356 KBl Q20( 3, 1) S
157 757 1357 KBI O20( 3, 2) S
158 758 1358 KBl Q20( 3, 3) ++ S
159 759 1359 KBl Q20( 3, 4) - S
150 760 1460 KBl Q20( 3, 5) - - S
161 761 1461 QLODI S( 1) W
162 762 1462 QLODI S( 2) + W
163 763 1463 QLODI S(3) ++ w
164 764 1464 QLODI S( 4) - W
165 765 1465 QLODI S(5) - - w
166 766 1466 QLODOC( 1) B
167 767 1467 QLODOC( 2) + B
168 768 1468 QLODOC( 3) ++ B
169 769 1469 QLODOC( 4) - B
170 770 1470 QLODOC( 5) - - B
171 771 1471 QLOPAR( 1) S
172 772 1472 QLOPAR( 2) S
173 773 1473 QLOPAR( 3) ++ S
174 774 1474 QLOPAR( 4) - S
175 775 1475 QLOPAR( 5) - - S
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TABLE 11 SECOND ORDER ALKALI NE HYDROLYSI S CONSTANTS FOR TOTAL
OR NEUTRAL CHEM CAL

Const ant
Nunber
C C, G Vari abl e Definition
184 784 1384 TREFH Ref erence tenperature at which

hydrol ysis rates were neasured, EC

186 786 1386 KH2Q(1l,1,1) Second order, 20EC al kaline
hydrol ysis rate constants for
aqueous, DOC-sorbed , and
sedi nent - sor bed phases,

L/ nol e- day

191 791 1391 KH2Q(1,2,1)
196 796 1396 KH2Q(1, 3, 1)

231 831 1431 EHOH(1) Activation energy for alkaline
hydrol ysi s, kcal/nole
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LOCATI ON OF | ONl C ALKALI NE HYDROLYSI S CONSTANTS

Const ant Nunber

C C G Vari abl e | oni ¢ Speci e Sorptive
Phase
186 786 1386 KH2Q( 1, 1, 1) w
187 787 1387 KH2QO( 1, 1, 2) + W
188 788 1388 KH2O( 1, 1, 3) ++ w
189 789 1389 KH2Q( 1, 1, 4) - w
190 790 1390 KH2Q( 1, 1, 5) - - w
191 791 1391 KH2O( 1, 2, 1) B
192 792 1392 KH2O( 1, 2, 2) + B
193 793 1393 KH2O( 1, 2, 3) ++ B
194 794 1394 KH2QO( 1, 2, 4) - B
195 795 1395 KH2O( 1, 2, 5) -- B
196 796 1396 KH2Q( 1, 3, 1) S
197 797 1397 HK2(O( 1, 3, 2) S
198 798 1398 KH2(Q( 1, 3, 3) ++ S
199 799 1399 KH2Q( 1, 3, 4) - S
200 800 1400 KH2(Q( 1, 3, 5) -- S
231 831 1431 EHOH( 1) A
232 832 1432 EHOH( 2) + A
233 833 1433 EHOH( 3) ++ A
234 834 1434 EHOH( 4) - A
235 835 1435 EHOH( 5) - - A
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TABLE 13 SECOND ORDER NEURAL HYDROLYSI S CONSTANTS FOR TOTAL

CHEM CAL
Const ant
Nunber
C C, G Vari abl e Definition
184 784 1384 TREFH Ref erence tenperature at which
hydrol ysis rates were neasured, EC
201 801 1401 KH2Q(2,1,1) 20EC neutral hydrolysis rate
constant for aqueous, DOC sorbed,
and sedi nent - sor bed phases, day!
206 806 1406 KH2Q(2,2,1)
211 811 1411 KH2(Q((2,3,1)
236 836 1436 EHN(1) Activation energy for neutral

hydrol ysi s, kcal/nole
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TABLE 14 LOCATI ON OF | ONI C NEUTRAL HYDROLYSI S CONSTANTS

Const ant Nunber

C C G Vari abl e | oni ¢ Speci e Sorptive
Phase
201 801 1401 KH2O( 1, 1, 2) W
202 802 1402 KH2O( 2, 1, 2) + W
203 803 1403 KH2Q( 3, 1, 2) ++ w
204 804 1404 KH2Q( 4, 1, 2) - w
205 805 1405 KH2Q( 5, 1, 2) - - w
206 806 1406 KH2Q( 1, 2, 2) B
207 807 1407 KH2O( 2, 2, 2) + B
208 808 1408 KH2Q( 3, 2, 2) ++ B
209 809 1409 KH2Q( 4, 2, 2) - B
210 810 1010 KH2Q( 5, 2, 2) -- B
211 811 1411 KH2O( 1, 3, 2) S
212 812 1412 KH2Q( 2, 3, 2) S
213 813 1413 KH2Q( 3, 3, 2) ++ S
214 814 1414 KH2(( 4, 3, 2) - S
215 815 1415 KH2Q( 5, 3, 2) - - S
236 836 1436 EHN( 1) A
237 837 1437 EHN( 2) + A
238 838 1438 EHN( 3) ++ A
239 839 1439 EHN( 4) - A
240 840 1440 EHN( 5) - - A
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TABLE 15 SECOND ORDER ACI D HYDROLYSI S CONSTANTS
FOR TOTAL OR NEUTRAL CHEM CAL

Const ant Nunber
C C, G Vari abl e Definition

184 784 1384 TREFH Ref erence tenperature at which
hydrol ysis rates were
nmeasur ed, EC

216 816 1416 KH2Q(3,1,1) Second order, 20EC acid
hydrol ysis rate constant for
aqueous, DOC-sorbed and
sedi nent - sor bed phases,

L/ nmol e- day

221 821 1421 KH2Q(3,2,1)
226 826 1426 KH2QO(3, 3, 1)

241 841 1441 EHH( 1) Activation energy for aced
hydrol ysi s, kcal/nole
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TABLE 16 LOCATION OF | ONI C ACI D HYDROLYSI S CONSTANTS

Const ant Nunber

C C G Vari abl e | oni ¢ Speci e Sorptive
Phase
216 816 1416 KH2QO( 3, 1, 1) W
217 817 1417 KH2Q( 3, 1, 2) + W
218 818 1418 KH2Q( 3, 1, 3) ++ w
219 819 1418 KH2Q( 3, 1, 4) - w
220 820 1420 KH2Q( 3, 1, 5) -- W
221 821 1421 KH2Q( 3, 2, 1) B
222 822 1422 KH2Q( 3, 2, 2) + B
223 823 1423 KH2Q( 3, 2, 3) ++ B
224 824 1424 KH2Q( 3, 2, 4) - B
225 825 1425 KH2Q( 3, 2, 5) -- B
226 826 1426 KH2(( 3, 3, 1) S
227 827 1427 KH2(( 3, 3, 2) S
228 828 1428 KH2Q( 3, 3, 3) ++ S
229 829 1429 KH2(( 3, 3, 4) - S
230 830 1430 KH2Q( 3, 3, 5) -- S
241 841 1441 EHH( 1) A
242 842 1442 EHH( 2) + A
243 843 1443 EHH( 3) ++ A
244 844 1444 EHH( 4) - A
245 845 1445 EHH( 5) - - A
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TABLE 17 SECOND ORDER OXI DATI ON CONSTANTS
FOR TOTAL OR NEUTRAL CHEM CAL

Const ant Nunber

C C, G Vari abl e Definition
258 858 1458 TREFO Ref erence tenperature at which
oxi dation rates were neasured,
EC

261 861 1461 KOX2Q(1, 1) Second-order, 20EC oxi dation
rate constant for aqueous, DOC-
sorbed, and sedi nent _sor bed
phases, L/nol e-day

266 866 1466 KOX2((2, 1)
271 871 1471 KOX2Q(3, 1)

276 876 1476 EOX( 1) Activation energy for
oxi dation, kcal/nole
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TABLE 18 LOCATI ON OF | ONI C OXI DATI ON CONSTANTS

Const ant Nunber

C, C, C Vari abl e l onic Specie Sorptive Phase
261 861 1461 KOX2QO( 1, 1) 0 W
262 862 1462 KOX2Q( 2, 1) + W
263 863 1463 KOX2Q( 3, 1) ++ w
264 864 1464 KOX2Q( 4, 1) - W
265 865 1465 KOX2Q( 5, 1) - - w
266 866 1466 KOX2(( 1, 2) B
267 867 1467 KOX2Q( 2, 2) B
268 868 1468 KOX2(( 2, 2) ++ B
269 869 1469 KOX2Q( 4, 2) - B
270 870 1470 KOX2Q( 5, 2) -- B
271 871 1471 KOX2(Q( 1, 3) S
272 872 1472 KOX2Q( 2, 3) + S
273 873 1473 KOX2Q( 3, 3) ++ S
274 874 1474 KOX2Q( 4, 3) - S
275 875 1475 KOX2Q( 5, 3) - - S
276 876 1476 EOX( 1) All
277 877 1477 EOX( 2) + All
278 878 1478 EOX( 3) ++ All
279 879 1479 EOX( 4) - All
280 880 1480 EOX( 5) - - Al l

62



DATA GROUP H

TABLE 19 TOXI 4 PHOTOLYSI S CONSTANTS

Const ant Nunber
G G G

Vari abl e Definition

286 886 1486

288 888 1488

291 891 1491

296 896 1496

301- 901- 1501-
346 946 1546

551 1151 1751

556 1156 1756

561 1161 1761

XPHOTO Phot ol ysis option: 0 = no
photolysis; 1 = conputed from
absorptivity; 2 = nmeasured
surface rate

RFLATG Latitude at which surface
photol ysis rate was neasured,
degree and tenths (option 2)

KDPQE( 1) Measured surface photol ysis
rate for neutral specie, day
(option 2)

LAMAXE 1) Wavel engt h of maxi mum | i ght
absorption for neutral specie,
nm (option 2)

ABS(K, 1, L) Mol ar absorptivity of neutral
speci e of chem cal K at
wavel engt h nunber L, L/nole-
cm|lnlO (option 1)

QUANTE1,1) Quantumyield of dissolved
neutral chem cal

QUANTE 1, 2) Quantumyield of dissolved
neutral chem cal

QUANTE(3,1) Quantumyield of dissolved
neutral chem cal

L = Wavel ength 1-46
docunent) .

(see Tables 7.12 and 7.13 in Part A of this
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TABLE 20 GLOBAL CONSTANTS FOR TOXI 4 PHOTOLYSI'S OPTI ON 1

Const ant Number
C C, G Vari abl e Definition
601 1201 TO Julian date at begi nning of run

3 603 1203 ELEVG Aver age ground surface el evation,

m
604 1204 LATG Latitude of water body, degrees

6 606 1206 XLI TE Water surface light intensity
option; O = do not conpute |ight;
1 = annual average; 2 = average
for nonth indicated by TQ 3 =
nmont hly step function

7 607 1207 DFACG Ratio of optical path length to
vertical depth; 1.17

11- 611- 1211- CLOUDE 1) Mean nonthly cloudiness, in

23 623 1223 tenths of full sky coverage
(0-10)

24- 624- 1224- AIRTYE 1) Mean nonthly air mass type; 1 =

36 636 1236 rural, 2 = urban, 3 = maritine, 4
= tropospheric

37- 637- 1237- RHUMZ 1) Mean nont hly daylight relative

49 649 1249 hum dity, percent

50- 650- 1250- ATURBGE 1) Mean nonthly atnospheric

62 662 1262 turbidity, in equival ent aerosol
| ayer thickness km

63- 663- 1263- QZONEGE 1) Mean nonthly ozone content of

75 675 1275 at nosphere, in cm NTP (0.2 - 0.3)
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TABLE 21 LOCATION OF | ONI C PHOTOLYSI S CONSTANTS

Const ant Nunber

C C G Vari abl e | oni ¢ Speci e Sorptive
Phase

291 891 1491 KDPG( 1) A
292 892 1492 KDPQE 2) + A
293 893 1493 KDPQ 3) ++ A
294 894 1494 KDPG( 4) - A
295 895 1495 KDPQ 5) -- A
296 896 1496 LAVAXGE 1) A
297 897 1497 LAVAXG 2) + A
298 898 1498 LAVAXG 3) ++ A
299 899 1499 LAVAXGE 4) - A
300 900 1500 LAMAXGE 5) -- A
301- 901- 1501- ABS(K, 1, L) 0 A
346 946 1546

351- 951- 1551- ABS(K, 2, L) + A
396 996 1596

401- 1001- 1601- ABS(K, 3, L) ++ A
446 1046 1646

451- 1051- 1561- ABS( K, 4, L) - A
496 1096 1696

501- 1101- 1701- ABS( K, 5, L) - - A
546 1146 1746

551 1151 1751 QUANTGE 1, 1) 0 W
552 1152 1752 QUANTQ 1, 2) ++ W
553 1153 1753 QUANTH 1, 3) + w
554 1154 1754 QUANTG 1, 4) - W
555 1155 1755 QUANTH 1, 5) -- w
556 1156 1756 QUANTH 2, 1) B
557 1157 1757 QUANT(J 2, 2) B
558 11458 1758 QUANT(JH 2, 3) ++ B
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DATA GROUP H

LOCATI ON OF | ONI C PHOTOLYSI S CONSTANTS

Const ant Nunber

C C G Vari abl e | oni ¢ Speci e Sorptive
Phase
559 1159 1759 QUANT(J 2, 4) - B
560 1160 1760 QUANT(J 2, 5) - - B
561 1161 1761 QUANTQ 3, 1) 0 S
562 1162 1762 QUANTQ 3, 2) ++ S
563 1163 1763 QUANTQ 3, 3) + S
564 1164 1764 QUANTQ 3, 4) - S
565 1165 1765 QUANTQ( 3, 5) - - S
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TABLE 22 EXTRA SECOND ORDER REACTI ONS CONSTANTS
FOR TOTAL OR NEUTRAL CHEM CAL

Const ant Nunber
C C, G Vari abl e Definition

573 1173 1773 TREFE Ref erence tenperature at which
extra reaction rates were
measur ed, EC

576 1176 1776 KE2(Q(1,1) Second-order, 20EC extra reaction
rate constant for aqueous, DOC-
sorbed, and sedi nent - sor bed
phases, 1/[E]-day

581 1181 1781 KE2Q(2, 1)
586 1186 1786 KE2Q(3, 1)

591 1191 1791 EEX(1) Activation energy for extra
reaction, kcal/nole
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TABLE 2.5.23 LOCATI ON OF | ONI C EXTRA REACTI ON CONSTANTS

Const ant Nunber

C, C, C Vari abl e l onic Specie Sorptive Phase
576 1176 1776 KE2(O( 1, 1) 0 W
577 1177 1777 KE2(( 1, 2) + W
578 1178 1778 KE2QO( 1, 3) ++ W
579 1179 1779 KE2(( 1, 4) - W
580 1180 1780 KE2Q( 1, 5) - - W
581 1181 1781 KE2Q( 2, 1) B
582 1182 1782 KE2Q( 2, 2) B
583 1183 1783 KE2(( 2, 3) ++ B
584 1184 1784 KE2Q( 2, 4) - B
585 1185 1785 KE2(( 2, 5) - - B
586 1186 1786 KE2Q( 3, 1) S
587 1187 1787 KE20( 3, 2) + S
588 1188 1788 KE2(( 3, 3) ++ S
589 1189 1789 KE2Q( 3, 4) - S
590 1190 1790 KE2(( 3, 5) -- S
591 1191 1791 EEX( 1) All
592 1192 1792 EEX( 2) + All
593 1193 1793 EEX( 3) ++ Al l
594 1194 1794 EEX( 4) - All
595 1195 1795 EEX( 5) - - All
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TABLE 24 Y|l ELD CONSTANTS FOR CHEM CAL 1 REACTI ONS

Const ant Nunber
C C, G Vari abl e Definition

Y( )12: Yield coefficient for production of
G from G, myG/ngG

176 YBWL2 Wat er col um bi odegr adati on
178 YBS12 Bent hi ¢ bi odegradati on

246 YHOH12 Al kal i ne hydrol ysis

248 YHN12 Neutral hydrolysis

250 YHH12 Aci d hydrolysis

281 YOX12 Oxi dati on

566 YF12 Phot ol ysi s

596 YE12 Extra reaction

Y( )13: Yield coefficient for production of
G from G, myG/ngyG

177 YBWL3 Wat er col um bi odegr adati on
179 YBS13 Bent hi ¢ bi odegradati on

247 YHOH13 Al kal i ne hydrol ysis

249 YHN13 Neutral hydrolysis

251 YHH13 Acid hydrolysis

282 YOX13 Oxi dati on

567 YF13 Phot ol ysi s

597 YE13 Extra reaction
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TABLE 25 YI ELD CONSTANTS FOR CHEM CAL 2 REACTI ONS

Const ant Nunber
C C, G Vari abl e Definition

Y( )21: Yield coefficient for production
of C from¢C, ngGC/nyC

776 YBW21 Wat er col um bi odegr adati on
778 YBS21 Bent hi ¢ bi odegr adati on

846 YHOH21 Al kal i ne hydrol ysis

848 YHN21 Neutral hydrolysis

850 YHH21 Aci d hydrolysis

881 YOX21 Oxi dati on

1166 YF21 Phot ol ysi s

1196 YE21 Extra reaction

Y( ) 23: Yield coefficient for production
of G fromGC,, ngGCJ/nyC,

777 YBW23 Wat er col um bi odegr adati on
779 YBS23 Bent hi ¢ bi odegr adati on

847 YHOH23 Al kal i ne hydrol ysis

849 YHN23 Neutral hydrolysis

851 YHH23 Aci d hydrolysis

882 YOX23 Oxi dati on

1167 YF23 Phot ol ysi s

1197 YE23 Extra reaction
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TABLE 26 YI ELD CONSTANTS FOR CHEM CAL 3 REACTI ONS

Const ant Nunber
C C, G Vari abl e Definition

Y( )31: Yield coefficient for production
of C fromGC;,, ngC/ngC,

1376 YBWB1 Wat er col um bi odegr adati on
1378 YBS31 Bent hi ¢ bi odegr adati on

1446 YHOH31 Al kal i ne hydrol ysis

1448 YHN31 Neutral hydrolysis

1450 YHH31 Acid hydrolysis

1481 YOX31 Oxi dati on

1766 YF31 Phot ol ysi s

1796 YE31 Extra reaction

Y( )32: Yield coefficient for production
of G fromG;,, ngGC/nyC

1377 YBWB2 Wat er col um bi odegr adati on
1379 YBS32 Bent hi ¢ bi odegr adati on

1447 YHOH32 Al kal i ne hydrol ysis

1449 YHN32 Neutral hydrolysis

1451 YHH32 Aci d hydrolysis

1482  YOX32 Oxi dat i on

1767  YF32 Phot ol ysi s

1797 YE32 Extra reaction
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CHAPTER 10
DATA GROUP |: KINETIC TI ME FUNCTI ONS
The definition of the kinetic tinme functions will vary
dependi ng upon the structure and the kinetics of the systens
conprising each nodel. The input format, however, is constant.
Time functions are input as piecew se |linear functions.

10. 1 RECORD FORNATS

Record 1--Nunber of Tine Functions (110, 70X)

NFUNC = nunber of tinme functions required by the
nodel. If no tinme functions are to be input,
set NFUNC equal to zero and go to Data G oup
J. (110)

TI TLE = name of data group. (70X

Records 2-3 are input as a group NFUNC ti nes:

Record 2--Tine Function Descriptions (A5, 215)

ANAME(1 SC) = an optional one to five al phanuneric
character descriptive nane for the tine
function |. (Ab)

NOBRK(1SC) = nunber of breaks used to describe the tine
function |I. (15)

| SC = nunber identifying the tinme function; these

nunbers are set by the nodel devel oper. (15)

Record 3--Tine Functions (4(2F10.0))

VALT( K) = value of tinme function ISC at time T(K).
(F10.0)
T(K) = time in days. |If the length of the

si mul ati on exceeds T(NOBRK), the tine
function wll repeat itself, starting at

T(1), i.e., the approximation is assuned to
be periodic, with period equal to T(NOBRK).
(F10.0)
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Record 3 is repeated NOBRK(ISC)/4 tines.

Record 1 in entered once in Data Goup I. Records 2 and 3,
as a set, are repeated NFUNC tines. Wthin each NFUNC set,
Record 2 is input once and Record 3 uses as many 80-space |ines
as needed to input NOBRK entries. Four entries (four VALK(K)-T(K)
pairs) wll fit on each 80-space |ine.

10. 2 THE EUTROPHI CATI ON MODEL

Li sted below are the 22 time functions avail able for
eutrophication. Only TEMP(1l) is required for Level 1 and 2
anal yses. For Level 3 analyses, TFNH4, VELN(1l), and W ND may be
added (WND is needed only for calculating reaeration in
non-fl ow ng water bodies such as | akes). For analyses at Level 4
and above, I TOl, F, KE, and TFPO4 should be used. For resolution
of spatial variability in tenperature, |light extinction, and
wat er velocity the four TEMP functions, the five KE functions,
and the four VELN functions nay be used.

Many of the tinme functions operate in conjuction with a
paranmeter "pointer" in Data G oup G The paraneter val ue
specifies which of several time functions for tenperature, |ight
extinction, or water velocity are to be associated with each
segnent. Tinme functions 1-4 are the four tenperature functions
avai l able for paranmeter TMPFEN. Tine functions 8-12 are the five
extinction coefficient functions for paranmeter KEFN. Functions
15-18 are the four water velocity options for VELFN

| SC ANAME Defininion and Units

1 TEMP( 1) Ti me-vari abl e tenperature function 1. TEMP(K) can
be either a normalized function or an actual
tenperature in EC, depending upon the definition
of the paranmeter multiplier TMPSH I SEG) .

2 TEMP( 2) Eéne-variable tenperature function 2, unitless or
3 TEMP( 3) Eéne-variable tenperature function 3, unitless or
4 TEMP( 4) Eéne-variable tenperature function 4, unitless or
5 | TOT Total daily solar radiation, |angleys.
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10

11

12

13
14

15

16
17
18
19
20

21

W ND

KE( 1)

KE( 2)

KE( 3)

KE( 4)

KE( 5)

TFNH4
TFPO4

VELN( 1)

VELN( 2)
VELN( 3)
VELN( 4)
ZQ0

SALFN

Al RTIWP

DATA GROUP |

Fraction of day with sufficient |ight for growh,
days.

Wnd velocity, nisec.

Ti me-vari abl e extinction coefficient function 1
This can be either a normalized function or an
actual extinction coefficient in m! depending
upon the definition of the paraneter multiplier
KESH | SEG) .

Ti me-vari abl e extinction coefficient function 2,
unitless or mt.

Ti me-vari abl e extinction coefficient function 3,
unitless or me.

Ti me-vari abl e extinction coefficient function 4,
unitless or me.

Ti me-vari abl e extinction coefficient function 5,
unitless or mt.

Nor mal i zed amoni um fl ux from bed, unitless.
Nor mal i zed phosphate flux from bed, unitless.
Time variable velocity function 1, msec. This
velocity is added to the net velocity VELOCH | SEG
conputed fromthe segnent flow and the hydraulic
paraneters read in Data G oup C

Time variable velocity function 2, msec.

Tinme variable velocity function 3, nisec.

Tinme variable velocity function 4, nifsec.

Her bi vor ous zoopl ankt on popul ati on, ngC/ L.

Time variable salinity function, ng/l. This
function gets nultiplied by the segnent specific
salinity multiplier entered in the paraneter
sector.

Tinme variable anbient air tenperature, EC. This
provides air tenperature data for the wind driven
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reaeration algorithnms and is required.

22 Xl CEVR This is the time variable ice cover function, %
This provides the percentage of water surface area
avai l able for reaeration. Note that 100% (entered
as 1.0) indicates all surface area is avail able
for reaeration.

10.3 THE TOXI C CHEM CAL MODEL

Listed below are the 17 tinme functions available in TOXI 4.
The paraneters and tine functions interact in such away to all ow
the user segnment specific control of environnental data. For
nore details see the paraneter input section.

Two of the tinme functions operate in conjuction with a
paranmeter "pointer" in Data G oup G The paraneter val ue
specifies which of four tinme functions for tenperature or water
velocity are to be associated with each segnent. Tine functions
1-4 are the four tenperature functions avail able for paraneter
TMPFEN. Tinme functions 5-8 are the four water velocity options
for VELFN

| SC _ANAME VALT(I SC)

1 TEMPN(1) Tinme-variable tenperature function 1. TEMPN(K)
can be either a normalized function or an actual
tenperature in EC, depending upon the definition
of the paranmeter nmultiplier TEMP(I SEG) .

2 TEMPN(2) Tinme variable tenperature function 2, unitless or
EC.

3 TEMPN(3) Tinme variable tenperature 3, unitless or EC

4 TEMPN(4) Tinme variable tenperature 4, unitless or EC

5 VELN( 1) Time variable velocity function 1, msec. This
velocity is added to the net velocity VELOCH | SEG
paraneters read in Data Goup C

6 VELN( 2) Time variable velocity function 2, msec. This
velocity is added to the net velocity VELOCH | SEG

conputed fromthe segnent flow and the hydraulic
paraneters read in Data G oup C
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11

12

13

14

15

16

VELN( 3)

VELN( 4)

W NDN

PHNW

PHNS

REARN

Al RTIVPN

CHLN

PHTON

BACNW

DATA GROUP |

Time variable velocity function 3, msec. This
velocity is added to the net velocity VELOCH | SEG
conputed fromthe segnent flow and the hydraulic
paraneters read in Data G oup C

Time variable velocity function 4, msec. This
velocity is added to the net velocity VELOCH | SEG
conputed fromthe segnent flow and the hydraulic
paraneters read in Data G oup C

Time variable wind function, misec. This tine
function is nmultiplied by the segnment specific
wind nmultiplier WEL entered in the paraneter
section.

Tinme variable ph function. This tine function is
mul tiplied by the segnent specific ph nultiplier
ph enter in the paraneter section.

Nor mal i zed benthic pH function, dinensionless.
This is nultiplied by the segment pH nmultiplier
PH(1 SEG for benthic segnents.

Tinme vari able reaeration coefficient, per day.
This variable is nultiplied by the segnent
specific variable REAR entered in the paraneter
section.

Air tenperature, C. Used for calculating
reaeration rate.

Phyt opl ankt on chl orophyl| concentration, ng/l.
This variable is nultiplied by the segnent
specific variable CHPHL entered in the paraneter
section

Normalized light intensity, dinensionless. This
is used for photolysis option 2 to adjust the
measured rate constant under controlled |ight
intensity to a predicted rate constant under
anbient light intensity.

Time vari abl e bacteria concentration in the water
colum, ng/l. This is nultiplied by the segnent

specific multiplier BAC entered in the paraneter

section.
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17 BACNS Nor mal i zed benthic bacteria function,
dinmensionless. This is nmultiplied by the segnent
bacteria nultiplier BAC(I SEG for benthic
segnent s.

For kinetics levels 1 and 2, no tinme functions need be
specified. For kinetics level 3, tinme functions for each
rel evant process may be specified. TEMPN can affect al
reactions. Volatilization option 1 uses REARN. Vol atilization
options 4 and 5 use WNDN and AIRTMPN. Vol atilization options 2
and 3 use either VELN or REARN. Photolysis option 1 uses CHLN
phot ol ysis option 2 requires PHTON. Hydrolysis and ionization
use PHNW and PHNS. Bi odegradati on uses BACNW and BACNS.
Functions not specified default to 1.0.
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CHAPTER 11

DATA GROUP J: I NITI AL CONDI TI ONS

11. 1 RECORD FORNMATS

The initial conditions are the segnment concentrations and
densities for the state variables at tinme zero (the start of the
si mul ation).
Records 1-2 are input as a group NOSYS tines:

Record 1--SystemInformation (A40, 15, F5.0, F10.0, 20X

CHEML = chem cal or system nane (A40).

| FI ELD = solids field (3, 4, or 5 that transports
this systemin its pure or sorbed form(15).

DSED = density of system 0.0 for chemcal, 0.5-2.5
for solids, kg/L. (F5.0).

CVAX = maxi mum concentration allowed, ng/L. (F10.0)

TI TLE = name of data group. (20X)

Record 2--lnitial Conditions (3(A5, 2F10.0))

ANAME(K) = an optional one to five al phanuneric
character descriptive nanme or nunber
identifying segnent K. (A5)

C(1SYS, K) = initial concentration in segnent K of system
| SYS in the appropriate units, nmg/L. (F10.0)

Dl SSF = di ssolved fraction of chem cal in segnent K

( F10. 0)

Record 2 is repeated NOSEG 3 ti nes.

Records 1 and 2 are a set and will be repeated NOSYS tines.
Wthin each NOSYS set, Record 2 will use as many 80-space |ines
as needed to input NOSEG entries. Three entries (ANAME-C- DI SSF)
will fit on one line. After NOSEG entries have been entered in a
NOSYS set, begin the next NOSYS set on the following line. |If
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ICFL = 2 in Data G oup A, initial conditions are read fromthe
restart file (*.RST, where * is the input data set nane), and
Data G oup J should not be included in the input data set.

11.2 THE EUTROPHI CATI ON MODEL

Data Group J is input as a unit 8 tines, once for each
system In record 1, solids transport fields nmust be specified
for the particulate fraction of each system | n EUTRX, solids
field 3 is equated to particulate organic matter, solids field 4
i s phytoplankton, and solids field 5 is inorganic sedinent. The
foll ow ng specifications, then, are recormmended for systens 1
t hr ough 8:

| FI ELD(1) = 3 (solids field 1)
| FI ELD(2) = 5 (solids field 3)
| FI ELD(3) = 5 (solids field 3)
| FI ELD(4) = 4 (solids field 2)
| FI ELD(5) = 3 (solids field 1)
| FI ELD(6) = 5 (solids field 3)
| FI ELD(7) = 3 (solids field 1)
| FI ELD(8) = 3 (solids field 1)

The density of each solid field nust also be specified in record
1. This property is not used in EUTR. The user may enter 1.0
for the density of each system

The dissolved fraction of each systemin each segnent nust
be specified in record 2. The user should take care to specify
t he dissolved fractions for dissolved oxygen (system&6) of 1.0
and the dissolved fractions for phytoplankton (system 4) of 0.0.

11.3 THE TOXI C CHEM CAL MODEL

Data Group J is input as a unit NOSYS tinmes, once for each
system In record 1, solids transport fields nmust be specified
for each solid (i.e.- variables 2, 3, and 4). Wile solids
transport fields are also specified for each chem cal (variables
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1, 5, and 6), the values are nomnal. TOXI4 will calculate the
actual transport of the sorbed chem cal fractions using internal
partitioning relationships.

In Record 2, the dissolved fraction of each systemin each
segnent nust be specified. These values should be 1.0 for each
solid variable (2, 3, and 4). D ssolved fraction values for each
chem cal are nomnal. TOXI4 wll calculate the actual dissolved
fractions using internal partitioning relationships.

80



WASP5 OUTPUT
CHAPTER 12

WASP5 OUTPUT

12.1 GENERAL CONSI DERATI ONS

WASP5 sinul ati ons produce several files that nmay be exam ned
by the user. These files use the file nanme of the input data set
with a unique extension. The nost inportant of these are the
sinmulation result files -- *. TDF for TOXI5 and *. EDF for EUTRCH
(i.e.- a TOXI5 i nput dataset naned POND. | NP produces an out put
file named POND. TDF). These formatted files contain all kinetic
di splay variables for each segnent at each print interval
t hroughout the sinulation. These display variables include state
vari abl e concentrations along with a selection of cal cul ated
vari ables and rates. Available display variables for EUTRO6 and
TOXI5 are sunmarized in the eutrophication and toxics sections
bel ow.

The sinmulation results files can be processed with the post
processi ng prograns available with the WSP package or the
WIDSPLY program which is provided with the mai nfrane version
The programwi || pronpt the user for information.

QO her files created by a WASP sinul ati on include *. QUT,
* TRN, *.MSB, and *.RST (where * is the nane of the input data
set). The QUT file contains a record of the input data plus any
simul ation error nessages that nmay have been generated. It may
be exam ned fromWSP by selecting the OQUT file (alt-F, curser to
QUT, return, escape) and using the BROASE command fromthe nenu.

The TRN file contains a set of transport-associ ated
vari abl es for each segnent at each print interval throughout the
simul ation. These variables include the tine step (day),
cal cul ated maxi rumtine steps (day), segnent vol unes (n?),
segnent flows (n?¥/sec), flow changes (n¥/sec), tinme constants for
segnent flow (day?), segnent exchange flows (ni¥/sec), the tine
constant for segment exchanges (day?), the segnent di spersion
coefficient (n¥ sec), and the nunerical dispersion coefficient
(nt/ sec).

The MSB file contains a mass bal ance record for one
designated systemin the nodel network as a whole (in kg). For
each print interval, this file records the accunul ated nmass in
from advection, dispersion, and | oading; the accunul ated mass out
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t hrough advection, dispersion, burial (or volatilization, and
kinetic transformation; the total resident mass; and the residual
(unaccounted for) nass.

The RST file contains a snapshot of vol unes and
concentrations of each systemin each segnent at the conclusion
of the sinmulation. This file can be read by WASP5 to conti nue a
series of sinulations.

12.2 THE EUTROPHI CATI ON MODEL
The standard WASP5 output files were sumrmari zed above.
EUTROG stores in the EDF file 42 display variables. These

variables are listed below To exan ne these vari ables, the user
may run WASP5 post processor.

EUTRO4 DI SPLAY VARI ABLES

Nunber Vari abl e Definition
1 DEPTHE I) Segnent Depth, m
2 STP Water Tenperature, EC
3 W ND W nd Speed, nisec
4 VEL Water Vel ocity, m sec
5 DO Di ssol ved Oxygen, ny/L
6 DOM N DO M ni mum ny/L
7 DOVAX DO Maxi mum ny/L
8 CS DO Saturation, ng/L
9 PERSAT Percent DO Saturation, %
10 KA Ef fect Reaeration Rate, day!
11 K2WBAVE W nd Driven Reaeration, day?
12 K2HSAVE Current Driven Reaeration, day?
13 SOoD1D( 1) Sedi nent Oxygen Demand, g/ n2/day
14 CBCOD CBOD, ng/L
15 BOD5 BOD5, ny/ L
16 uBOD Utimte BOD, ng/L
17 TEMPBOD BOD decay rate constant, day!
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EUTRO4 DI SPLAY VARI ABLES

Nunmber Vari abl e Definition
18 PHYT Phyt opl ankt on Car bon Bi onass, ny/L
19 TCHLAX Phyt opl ankt on Chl orophyl| a, Fg/L
20 GP1 Phyt opl ankton Growt h Rate, day*
21 DP1 Phyt opl ankt on Death Rate, day™
22 SR19P Phyt opl ankt on DO Production, ng/L/day
23 SK19P Phyt opl ankt on DO Consunpti on, ny/L/day
24 CCHL1 Phyt. Carbon to Chl. a Ratio, ngy/ny
25 RLGHTS( I, 1) Light Limt for Phyt. Gowh
26 RNUTR Nutrient Limt for Phyt. G owth
27 XEMP1 Phosphorus Limt for Phyt. G owth
28 XEMP2 Nitrogen Limt for Phyt. G owth
29 | TOTMP Li ght at Segnent Surface, |angl eys/day
30 | S1 Saturating Light Intensity, |angleys/day
31 | AV Li ght at Top of Segnent, |angl eys/day
32 | AVBOT Li ght at Bottom of Segnent, |angl eys/day
33 NH3 Ammonia Nitrogen, ng/L
34 NO3 Nitrate Nitrogen, ng/L
35 CN Avai | abl e I norganic N trogen, ng/L
36 TON Total Organic Nitrogen, ng/L
37 TI'N Total Inorganic N trogen, ng/L
38 TN Total Nitrogen, ng/L
39 oPA Avai | abl e I norgani c Phosphorus, ng/L
40 TIP Total Inorganic Phosphorus, ng/L
41 TOP Total Organi ¢ Phosphorus, ng/L
42 oP Nonl i vi ng Organi ¢ Phosphorus, ng/L

12.3 THE TOXI C CHEM CAL MODEL
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The standard WASP5 output files were sumrarized in Section
2.3. TOXI5 stores in the TDF file 18, 30, or 42 kinetic display
vari abl es, depending on whether 1, 2, or 3 chem cals were
simul ated. These variables are defined below. To exam ne these
variables in tabular form the user nmay run the WASP5
post processor as expl ai ned above.
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TOXI 4 DI SPLAY VARI ABLES

Const ant Nunber

C C, G Vari abl e Definition

1 TOTSOSL Total solids concentration, ng/L
2 SCLID 1 Solids type 1 concentration, ng/L
3 SOLID 2 Solids type 2 concentration, ng/L
4 SQLID 3 Solids type 3 concentration, ng/L
5 STEWMP Segnent tenperature, EC

6 | TYPE Segnent type (1, 2, 3, or 4)

7

19 31 TOTCHEM  Total chem cal concentration (1,
2, or 3), Fg/L

8 20 32 TOTD S Di ssol ved chenm cal concentrati on,
Fg/L

9 21 33 TOTDOC DOC- sor bed cheni cal concentrati on,
Fg/L

10 22 34 TOTPAR Total sorbed chem cal
concentration, Fg/L

11 23 35 TOTPARL Total sorbed chem cal
concentration, Fg/kg

12 24 36 TOTI ON Total ionic chem cal
concentration, Fg/L

13 25 37 KBI O Bi odegradation rate constant, day!

14 26 38 KHYD Total hydrolysis rate constant,
day?

15 27 39 KFOT Photol ysis rate constant, day

16 28 40 KVCL Vol atilization rate constant, day*

17 29 41 KOX Oxi dation rate constant, day?

18 30 42 KEXT Extra rate constant, day?!
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