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Chapter 1

1 Introduction

Toxic substances are known to associate strongly with fine-grain particulate
matter. Consequently, it is not surprising that toxicants tend to accumulate in
the bottom sediments of natural waters. An important question in environmen-
tal impact assessment is to what extent do these contaminated sediments influ-
ence overlying waters,

The report herein describes a modeling framework that is designed to assess
the impact of contaminated bottom sediments on surface waters. The analysis
is limited to cases where the overlying water is well mixed. In addition, the
contaminant is assumed to be organic and to follow linear equilibrium sorption
and first-order decay kinetics.

The framework is implemented via a personal computer software
package—RECOVERY. It is designed for interactive implementation and is
self-documented. RECOVERY allows the user to rapidly generate and analyze
recovery scenarios for contaminated systems. The software includes graphical
displays and can be run on IBM-PC compatible microcomputers.

This report provides supplemental documentation, including a mathematical

description of the model, its computational algorithm, and a confirmation
implementation. It also includes a user’s guide.

Introduction



2 Model Description

The present model is an application and extension of frameworks developed
previously (Chapra 1982, 1986; Chapra and Reckhow 1983). As in Figures 1
and 2, the system is idealized as a well-mixed surface water layer underlain by
a vertically stratified sediment column. The sediment is well mixed horizon-
tally, but segmented verically into a well-mixed surface layer and a deep sedi-
ment. The latter, in turn, is segmented into contaminated and uncontaminated
regions. The specification of a mixed surface layer is included because an
unconsolidated layer is often observed at the surface of sediments because of a
number of processes, including bioturbation and mechanical mixing.

INFLOW

MIXED LAYER DEPTH

DEEP CONTAMINATED
SEDIMENTS

CLEAN SEDIMENTS

QUTFLOW

CONTAMINATED
= SEDIMENT DEPTH

JIMODEL LAYERS

Figure 1.  Physical configuration of
RECOVERY

Contaminant Mass Balances

A list of assumptions
used in the development of
this model can be found in
Table 1. Also, nomenclature
used in this report is listed
in Appendix A.

A mass balance for the contaminant in the water can be wriiten as

dc

V—_—= QC,‘ - ch - kwvwcw - kvacw - vsAwprcw + vrAmcm

Y dt

M

+ VAIF €0 = Ful)
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Figure 2.  Schematic of RECOVERY

Table 1
List of Assumptions Used in Development of RECOVERY

Contaminant is of organic nature.

Water body is well mixed.

Mixed layer is well mixed.

In the deep sediments, contaminant concentration varies in vertical direction only.

Initial concentration of compound in contaminated region is uniform throughout region.

Initia! concentration of contaminant in region below contaminated region is zero.

Sediments are only source of contaminant to water body.

Contaminant follows a linear equilibrium sorption mechanism.

Contaminant decays according to first order kinetics.

There is no compaction in sediments.

System is isothermal.

Water body is at 25 °C.

Only single component mass transfer is described. Movement of contaminant is independent
of presence of other contaminants.

Flow through is constant.

Chapter 2 Mode! Description



where
V,, = volume of water body, m®>

c, and ¢, = concentrations of toxicant in water and mixed sediments,
respectively, pg/m’

t = time, years

Q = flushing flow rate, m®/year

¢; = inflow concentration, pg/m®, which reflects both direct and
tributary loadings (in the present version of the model, this
concentration is assumed to be zero)

k, = decay rate constant of contaminant in water, /year

k, = volatilization rate of contaminant, /year

v, = settling velocity of particulate matter, m/year

A, and A,, = surface areas of water and mixed sediment, respectively, m’
F,, = fraction of contaminant in particulate form in water

v, = resuspension velocity of sediments, m/year

v, = diffusion mass transfer coefficient at sediment-water
interface, m/year

F,, = ratio of contaminant concentration in sediment pore water
to contaminant concentration in total sediment

F,, = fraction of contaminant in dissolved form in water

The initial condition for Equation 1 at t =0 is ¢, = ¢,,.

A mass balance for the mixed-sediment layer can be written as

dc
V_2=-kVe +VA ¢ -vAc ~vAcC

+V dAm(F e 4,,5',.,) +V dAm(F 4003(0) -F .:,,Cm)

Chapter 2 Model Description



where
V,, = volume of mixed layer, m*
k,, = decay rate constant of contaminant in mixed layer, /year
v, = burial velocity, m/year

¢,(0) = contaminant concentration at top of deep contaminated
layer, pg/m*®

The initial condition for this equation at ¢t =01is ¢, = ¢y,

Both the deep contaminated and clean sediments can be modeled with one-
dimensional advection-diffusion-decay equations of the form

de, oF. D d’c, v ac, . 3)
= _ - -kc
ot # 5,2 "9z *°

where
¢, = contaminant concentration in deep sediments, pg/m’
¢ = the sediment porosity
D, = diffusion rate in sediment pore water, m?%/year
z = depth into sediment, m, where z = § at top of deep sediments

k. = decay rate constant of contaminant in deep sediments, /year

The initial and boundary conditions for Equation 3 are as follows:
IC: at t=0, ¢, =c¢, (z,<z<l)
IC:  at =0, ¢,=0 (I<z<eo)

BC1l. at z=2z, J=J,

BC2: ai z=os,

.8
1l
o

Chapter 2 Model Description



where
L = distance from top of mixed layer tc bottom of contaminated layer
J = mass flux of contaminant, g/(m*-year)

J.. = mass flux of contaminant from mixed layer to sediment layer,
g/(m*-year)

The F's in Equations 1-3 are dimensionless ratios that reflect how the con-
taminant partitions between solid matter and water assuming a linear sorption
mechanism. Denoting the contaminant as A, they are defined as

F . = Kdlvsw
P 1 +K,5,

Mass of A (Particulate Form) @)
Total Volume

Mass of A (Dissolved Form) + Mass of A (Particulate Form)
Total Volume

ater body
i
F,=1-F =___ . __
w P 1 * deSw
Mass of A (Dissolved Form) (5)
- Total Volume
Mass of A (Dissolved F orm) + Mass of A (Parriculate Form)
Total Volume etar Body
Fg = _ .
9+K, {1 -dp
Mass of A (Dissolved Form) (6)
- Volume of Pore Water
Mass of A (Dissolved Form) + Mass of A (Particulate Form)
Total Volume ediment

where

K, and X, = contaminant partition coefficient in water and sediments,
respectively, m%/g

p = density of sediment solids, g/m’

5,, = suspended solids concentration in water, g/m*

Chapter 2 Model Description



Note that the model allows different values of this parameter to be employed
in the mixed layer and the vertically segmented sediments (7, and F,,).

The decay rate constants k,, k,, and k, represent all mechanisms for decay
except volatilization, which is accounted for separately. These mechanisms
include photolysis, hydrolysis, and bacterial degradation.

The mass transfer coefficient for diffusive sediment-water exchange is
related 1o more fundamental parameters by

D
v, = .?L/_’ €))
z
where
¢ = porosity

D, = diffusion coefficient in sediment pore water, m%/year

’ = characteristic length over which gradient exists at sediment-
water interface, m.

Note that a value of 1 ¢cm is assumed for z* after Thomann and Mueller
(1987). Also, D, is related to molecular diffusivity D, by the relation (Berner
1980; Manheim and Waterman 1974)

D, = D¢’

Solids Budget

The velocity terms—v,, v,, and v,—in Equations 1 and 2 are computed
according to a steady-state mass balance for mixed-sediment layer solids as
described by Chapra and Reckhow (1983). The mass balance is

0 = VA, - O, + VA - &)p, (8)

The framework assumes that suspended solids concentration s,, is given.
Therefore, if two of the three velocities are specified, Equation 8 can be
employed 1o calculate the third.

In addition to these transfer velocities, the other facet of the model related
to the solids budget is the sediment porosity. Different porosities are allowed
for the mixed layer and the deep sediments. Within these regions, porosity is
constant. This means that compaction is not included.

Chapter 2 Model Description



Default Parameters

Several parameters in the above framework are provided by the software as
default values. These are suggested values that represent first estimates. They
can be easily modified by the user.

Volatllization rate

The volatilization rate is computed by

k,=F, .2 &)
z

where v, = a volatilization transfer coefficient, m/year, which can be computed
according to the Whitman two-film theory as

, . KKH,

)= (10)
KSHE + K,

where H, = a dimensionless Henry’s coefficient that is related to the common
form H, (atm m*/gmole) by

H,
H, = __ (11)

* RT

where
R = universal gas constant = 8.206 x 10”° atm m*/(gmole-kelvins)
T = absolute temperature, kelvins.
A temperature of 298K (25 °C) is assumed in the model.
The parameter K, is a gas-film mass transfer coefficient (m/year) that can

be related to wind speed, U, (m/s), and molecular weight, MW (g/gmole), by
(Mills et al. 1982)

18 ¥
K = 61320[_T u (12)
3 MW b

The parameter K, is a liquid-film mass transfer coefficient (m/year) that can
be related to wind speed, U, (m/s), and molecular weight, MW (g/gmole), by
{Mills et al. 1982; Banks 1975; Banks and Herrera 1977)

Chapter 2 Model Description



25
K = 365[3_M3VT (0.728U° - 03170, + 0.0372U2) (13)

Partition coefficient

The partition coefficient for organic contaminants is computed via
(Karichhoff et al. 1979)

K, = 0617 K, (14)

where
f,. = weight fraction of organic carbon in solid matter, g-orgC/g
K, = octanol-water partition coefficient, (mg/m*-octanol)/(mg/m>-water)

Note that the model assumes a default of 0.05 for £,

Numerical Methods

The coupied set of differential equations is solved numerically. The two
first-order ODEs, Equations 1 and 2, are solved using an adaptive-step-size,
fourth-order Runge-Kutta method (Press et al. 1988). The partial differential
equation is solved using the Crank-Nicolson technique (Chapra and Canale
1988).

The total number of years for which the model is run is determined by
approximating the time required for the contaminant concentration in the water
to decrease to 10 percent of the maximum value achieved. This is determined
by using an analytical solution for the case where only the water and a single
well-mixed layer are considered. This procedure has been found to be
effective in approximating the total time.

Chapter 2 Model Description
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3 Model Confirmation

The time variable model RECOVERY has been applied to analyze a field-
scale experiment in which a flooded limestone quarry was dosed with equal
quantities of the insecticides DDE (dichloro-diphenyldichloro-ethylene) and
lindane (hexachlorocyclohexane), The same experiment was previously ana-
lyzed with a time variable model by Di Toro and Paquin (1983) with good
results.

Study Area

The study was conducted in two flooded limestone quarries located near the
town of Oolitic in Bedford County, Indiana. The quarries were allowed to
flood naturally for 5 years before being dosed with the insecticides lindane and
DDE. One quarry was experimentally dosed (quarry T), and the second was
used as the control (quarry C) (Waybrant 1973).

Quarry T was 300 ft long, 135 ft wide, and an average of 50 ft deep.
Quarry T was the smaller of the two in arca, with extremely clear water and
generally flat bottom. The average Secchi disc reading for quarries C and T
was 20 ft. Both quarries exhibited thermal stratification from March to
November.

The relatively soft and slightly alkaline water found in the quarries tend to
indicate that the quarries received very little groundwater (Waybrant 1973).
The water chemistry and physical characteristics of the quarries indicated that
the quarries were primarily filled with rainwater and runoff water that did not
percolate through the limestone to the groundwater.

The bottom material in quarry T was made up of 3 to 5 ¢m of fine brown-
ish gyttja underlaid by a white inorganic mixture of limestone dust and silica
sand (Waybrant 1973). In general, the top sediment layers were aerobic. The
mud layer contained on the average 1 percent sand, 42 percent silt, and
57 percent clay.



Overview

Quarry T was treated with the insecticides lindane and DDE at a concen-
tration of 200 parts per trillion (ppt) to the epilimnion or 50 ppt overall
(2.7764 g of DDE and 2.7752 g of lindane) (Waybrant 1973). The quarries
were analyzed after the treatment, and the results showed that essentially all of
the insecticides were initially released in the epilimnion. The quarries were
periodically sampled, and the results are presented in Table 2. Both water and
bottom sediments were analyzed for the insecticides DDE and lindane. The
results for insecticides in the bottom sediment material are shown in Table 3.

Table 2
Concentrations of DDE and Lindane in Water Column
Sampling Day DDE, ppt, X £+ 8D Lindane, ppt, X £ SD
1 44.0420 + 16.336 47.270 £ 3676
5 14.994 £ 3.429 62,792 + 10.419
10 4.270 £ 2.068 60.828 £ 2.733
21 3.520 £ 1.768 58.874 + 15.683
42 5.311 + 1.324 50.418 £ 2.087
&0 21322 0.613 20.852 + 16.510
81 2.006 £ 0.163 32.939 + 4.048
102 1.466 £ 0.163 34.577 £ 4058
123 0.988 £ 0.220 25.440 + 7.369
144 0789 £ 0171 23.189 + 2.378
173 0.958 £ 0.163 21.318 £ 0.667
242 0.952 £ 0.103 20.284 + 1.458
Note: SD = standard deviation; X = mean; ppt = parts per trillion (Waybrant 1973).

The concentration of DDE and lindane remaining in the water column afier
5 days differed significantly (Table 2), showing different transport mechanisms
by the two insecticides. After Day 1, a significant runoff event occurred in
quarry T, washing a significant amount of sediment into the quarry. The sus-
pended sediment load caused the DDE concentration in the water column to
decrease as suspended solids, and the adsorbed DDE settled to the lake bottom.
DDE hydrophobic properties cause affinity to suspended solids and organic
matter, while lindane, a more polar compound, tends to have higher affinity for
water.

Over the sampling period, an extremely rapid distribution of DDE in the
water column was noted as opposed to an 87-percent retention of lindane in
the surface layers (Waybrant 1973). The quarry underwent turnover at

Chapter 3 Model Confirmation i
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Table 3
DDE and Lindane Concentration in Bottom Sediments
DDE, ppb Lindane, ppb
Day Depth, em X+£SD % of Total X+ SD % of Total
1 15 0.10 7.05
a5 7.05
5.5
5 1.5 18.66 + 14.50 30.27 1.54 £ 0.14 2.50
35
55
10 15 22.28 +6.04 36.15 1.48 240
35 1.16+1.49 1.87 <0.05
55 <0.10 <0.05
21 15 1273 £ 11.30 20.65 164 +043 265
35 028011 0.45 1.04 + 0.87
55
42 1.5 20.84 + 553 33.82 098+ 1.36 1.58
35 0.14 023
55 <0.10 <0.05
81 15 35.30 £ 27.45 57.27 1132152 1.83
3.5 <0.10 0.99
55 <0.10 095+ 0.57
123 1.5 27.27 £ 1585 45.24 187 +1.77 3.03
35 o.11 0.18 246 +2.31 3.99
55 0.88+1.06 143 1.40 £ 0.97 2.63
173 1.5 30.92 £ 13.39 50.17 1.78 + 1.60 2.88
3.5 5.08 8.24 216+ 3.49
55 0.18 <0.05
242 1.5 19.65 £ 2.80 31,95 <0.05
35 0.31+0.02 0.50 <0.05
55 039+ 045
Note: 8D = standard deviation; X = mean; ppb = parts per billion {Waybrant 1973).

Day 144, when the DDE and lindane distribution in the water column was
essentially homogeneous. The lindane concentration in the water ¢olumn
decreases until Day 123, after which the insecticide concentration remains con-
stant until the sample after the following spring.

DDE and lindane were both detected in the bottom sediments at signifi-
cantly higher concentrations after the initial pesticide loading. However, the
ultimate fate of both pesticides was considerably different. DDE, a more
hydrophobic compound, was rapidly deposited in the bottom sediments
(Table 3), while lindane concentration never reached the relatively high levels
observed with DDE.

DDE peaked at 35 parts per billion (ppb) in the bottom sediments, while
lindane levels did not exceed 2.5 ppb in the sediments. Both compounds



reached the highest level in the sediments between Days 81 and 123, lindane
penetrating the lower depth of the bottom sediments while DDE remained
mostly on the top layer.

Some important notes from the flooded quarry experiment were the signif-
jcantly higher water column concentration of lindane, an order of magnitude
above DDE at the end of the study. The reverse was true for the sediment
concentration, with lindane penetrating to the deeper sediment layer of 3.5 to
5.5 cm. In addition, lindane profile in the sediment did not exhibit a
pronounced vertical gradient.

Approximately 5 years after the initial dosing of the quarry on June 21,
1977, several sediment samples were collected and anatyzed for DDE (Di Toro
and Paquin 1983). The DDE concentration measured in that sampling event
ranged from 3.4 to 11.2 ppb for one sample and from 2.9 to 4.2 ppb for
another. The water column was sampled at the same time, but the detection
limit of the analysis was 30 ppt (Di Toro and Paquin 1983). Sampling was
not done for lindane in the 1977 sampling.

Rate Coefficients

To simulate the flooded quarry with the RECOVERY model, the basic as-
sumptions of the model need to be satisfied. The first one, the water body is
well mixed, might be satisfied after Day 23 (Table 2) and for sure at Day 144.
For the application of RECOVERY, the simulation will begin between
Days 81 and 123, a time where the pesticide profile looks fairly uniform. The
second one, the sediments are the only source of the contaminant to the water
body, is satisfied by Day 81 for DDE and Day 123 for lindane. At those days,
the concentration in the sediment peaks for each of the simulated compounds.
Once the concentration peaks in the sediment, the water cannot be a source of
contaminant anymore (quasi-equilibrium is temporarily established) unless a
considerable loss of contaminant is occurring in the sediments.

The third assumption, the initial concentration of the compound in the
contaminated region is uniform throughout that region, is also accomplished
after Days 81 and 123. The sediments are uniform within the analytical mea-
surements, and in the deeper sediments, the concentration varies in the vertical
direction only. Therefore, the RECOVERY simulations will start, time = 0, at
Day 81 for DDE and Day 123 for lindane.

Initial water concentration for lindane was set to 25.4 and 3.5 ppt for DDE.
The initial sediment concentration was set to 35.3 ppb for DDE and 1.87 ppb
for lindane. Within the analytical precision of the data and the collection
scheme, the above values seem to be representative of the initial conditions for
the quarry exposure. The inflow to the quarry was estimated to be insignifi-
cant in comparison to the overall volume of water in the quarry (Di Toro and
Paquin 1983). The water depth in the quarry was 13.9 m, and the quarry
contained 5.23 x 10’ ¢ of water (Waybrant 1973).

Chapter 3 Model Confirmation 13
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The depth of the mixed sediment layer was set to 1.0 cm for DDE and 3.0
for lindane since DDE was not detected at substantial levels below 1.5 cm. In
this case, the depth of the deep contaminated sediments was set to the allow-
able minimum, which was 0.05 m (0.06 m for the lindane run) below which
RECOVERY can become unstable. Suspended solids were set to 5 mg/¢ based
on an analysis by Di Toro and Paquin (1983) on Secchi disc readings and sedi-
ment trap data. Resuspension was set to zero, the burial velocity was set o
5.0 x 10* m/year, and the settling velocity was estimated from the solids mass
balance in RECOVERY. The estimated value was 87.5 m/year; both the set-
tling velocity and the burial velocity are within the range reported by Chapra
(1983).

The partition coefficient for DDE was computed as 154,000 ¢kg based on
an assumed organic content of 0.05 (weight fraction) and an octanol/water
partition coefficient of 5 x 10° (mg/m® octanol)/(mg/m’ water). The molecular
diffusivity was set to the default of 5 x 10 cm*/sec, the calculated volatiliza-
tion rate for DDE was 5.09 per year, and the degradation rate was set t0 zero
for DDE (half-life of 15 years (Howard et al. 1991)).

For lindane, the volatilization rate was 6.62 x 10? per year, and the degra-
dation rate was set to 0.9 per year in both the water column and the sediments,
The degradation rate agrees with the value of 0.0025/day used by Di Toro and
Pagin (1983) in their application. A detailed listing of the input data for both
the lindane and DDE runs is included in Appendix B.

Simulation Results

The physical and chemical parameters estimated and selected in the pre-
vious section were used in the simulation of DDE and lindane in a flooded
limestone quarry. Results from the initial experiment and follow-up work
were used 10 compare with the simulation from RECOVERY.

The simulated and observed lindane distributions are shown in Figures 3
and 4 for water and bottom sediments. Lindane decreases from 25 ppt to less
than 1 ppt after 5 years in the water column. Lindane in the sediment decreas-
¢s from 1.87 ppb to below 1 ppb after 5 years. Figure 5 shows the volatiliza-
tion of lindane from the water column, a mechanism in the depuration of
lindane from the water column. Lindane’s degradation (0.9/year) is the major
mechanism for the decrease from the water and thus the flux from the sedi-
ments back into the water column (Figure 6).

Figures 7 and § show the DDE concentration in the water column and sedi-
ment bed, respectively. A major removal mechanism for DDE is volatilization
from the water column as shown in Figure 9. Initially, DDE was transferred
to the sediment bed by deposition of suspended sediment contaminated with
DDE from the quarry initial application. After the initial loading to the bed,
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Figure 4. Lindane in sediment

the process reverses once the water column concentration staris decreasing
because of the loss of DDE by volatilization. At this point, the sediment bed
becomes the source of DDE for the water column (time = 0, see Figure 10)
since there is no degradation in the bed; the only removal mechanism is vola-
tilization. Contrary to lindane, where the pesticide was mostly in the water
column, DDE is mostly in the bed; thus, it takes longer to clean the bed than it
does to clean the water. If degradation in the sediment bed was significant,
then a much faster cleanup would occur.
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Figure 6. Flux of lindane from sediments into water computed by model

DDE in the water column after 5 years agrees very well with Di Toro’s (Di
Toro and Paquin 1983) prediction of less than 1 ppt (Figure 7). In the sedi-
ment, the simulation (Figure 8} shows agreement with the field data, but a
liwde higher than the Di Toro’s result of 5.6 ppb (Di Toro and Paquin 1983).
However, both models predict a sediment concentration after 10 years of
approximately 1 ppb. Figures 11 and 12 presemnt a second simulation of DDE
in the water and sediment bed, respectively. Porosity in the mixed bed was
increased to 0.8, and the degradation of DDE in the water was set 1o 3.0 per
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Figure 7. DDE in water column
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year to account for photodegradation of DDE. The value of 3.0fyear is similar
to the one used by Di Toro, 0.013/day (4.75/year) (Di Toro and Paquin 1983).
This simulation agrees more closely with the other model results and shows
remarkable agreement with the field data with the exception of spring

sampling,

Chapter 3 Model Confirmation 17



18

~ seeen
&

>
N

o]
5 S5e0e9

e

Y
[]
[
[
=

3eeee

20009

lzot ton Rate

Figure 9.  Volatilization rate of DDE from water computed by model
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Figure 10. Flux of DDE from sediments into water computed by model

Overall, the simulation of DDE and lindane in the flooded limestone quarry
can be simulated with confidence using the model RECOVERY. The confir-
mation application was performed with minimum calibration. In addition, very
little data was needed to accomplish the task. There are three very important
advantages of the RECOVERY model: the ease of application, the flexibility
of the input data requirements, and the user friendly environment of the model.
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4 User’s Guide

Use of the RECOVERY program is described in this section. Two files are
required to run this program—RECOVERY.EXE and CORPCOMP.DAT.
CORPCOMP.DAT contains the chemical database information. The other files
included on the distribution disk are only required for specific hardware sys-
tems and to alter the database. (See Changing Chemical Database and System
Specific Issues below.) Source code for the model is also included. (See
Model Source). Do not run RECOVERY from a write-protected disk, as this
will result in an error.

To start the program, move to the directory that contains the software and
type RECOVERY at the DOS prompt. The first screen is a title screen. Press
ENTER to view the introduction screen, which follows. Press ENTER again,
and choose between creating a new file and retrieving data from an existing
data file. If the second selection is made, any files ending in .REC and the
subdirectories located in the current directory are displayed. The .REC files
are the data files that are created when saving a run made by RECOVERY.
(This will be discussed later). If your file is not located in the current
directory or in one of the listed subdirectories, press BACKSPACE and specify
the path name to your file. Your .REC file should then be displayed. After a
file is chosen, you can either view and/or change the input file or just run the
model using that data file. If “create a new file” is chosen, a list of com-
pounds is displayed. The properties of 18 compounds are included in the
database. If the compound under consideration is not listed, choose number 0.
The selection is made by moving the cursor to the desired selection using the
arrow keys and pressing ENTER.

If selection 0 was made, a screen appears to enter the name of the contami-
nant. As the user types, the name will appear in the highlighted area. Correc-
tions can be made by using the BACKSPACE or DELETE keys. After the
name has been typed in, press ENTER to enter the name. If changes are nec-
essary at this point, pressing F2 will allow modification of the name. If the
user starts to type without pressing F2, the first entry is lost and the new name
appears. This editing process is similar to that used by Lotus 1-2-3 (R) and is
used on all input screens. Press F10 to store the data and advance to the next
screen.
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The next five screens are used to enter or change input values. After typ-
ing in a cell, the user must press ENTER before proceeding to the next cell.
The first morphometry and hydrology screen should be displayed. If a differ-
ent compound is desired at this point, pressing ESCAPE will allow this
change. The user may change or leave the water concentration at the default
value of zero. Three of the next four values need to be entered. Press F9 to
calculate the fourth, and its values will be displayed. When all the data is
entered, press F10 to store the values and advance to the next screen. If
invalid values are entered, a message will appear at the bottom of the screen.

The next screen is for the contaminated sediments layer. If nothing is
changed, the default values will be used. Press F10 to continue. System prop-
erties are listed on the next screen. Default values are listed for the first eight
variables. These values can be changed as described above. Since the three
velocity values are interrelated, two of the three values need to be entered.
Typical values are listed in the center column. After entering two values,
press F9 to calculate the third value. It will appear near the bottom of the
screen, Press F10 to store the data and proceed.

The next two screens list contaminant properties. Default values are listed
in the far right column and will be specific to the selected compound if it is in
the database. These values will be used unless the user changed them in the
center column. The second screen also contains intermediate values calculated
from the previously entered data (e.g., F,, and K,;,). Press F10 to store and
advance,

If the user wants to return to a previous screen in the input process
described above, he/she can press ESCAPE until the desired screen appears.

The next screen serves as a check to see if the entered data are correct; if
not, the user can retum to the input screens. Selecting the third option starts
the model. If graphics capabilities are available on the system being used, the
concentration profile in the deep sediments is displayed. The total number of
years is calculated as the approximate time when the water concentration
decreases to 10 percent of its maximum value. Since the numerical method
uses an adaptive-step-size, the time between profile displays will not be even.
When the computation is finished, a message appears in the lower right-hand
comer of the screen.

After a key is pressed, another menu appears. If one of the first five
options is chosen or number 8, this menu appears again so another selection
can be made. Options 1-4 are graphics plots. If the system being used does
not have graphics capabilities, a message appears informing the user of this,
and a key can be pressed to return to the menu. Results on sysiems having
graphics capabilities other than those listed in Chapter 4 of this report will be
unpredictable. The first two plots are graphs of the contaminant concentration
in the water layer and the mixed layer, respectively, versus time. The third
plot shows the flux of the contaminant from the sediments to the water versus
time. A graph of the volatilization rate of the contaminant will be displayed if
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number 4 is selected. These results can be printed by typing Shift+Print
Screen. Select number 5 to print a table of results on the printer. Number 6
should be selected to make modifications to the existing run, and number 7
should be used to return 10 the beginning of the program. Choose number 8 to
save the existing run. The user will be prompted for a file name to be used to
store the results. Choosing number 9 will result in exiting the program.

Changing Chemical Database

Currently, data for 18 chemicals are included in the data file,
CORPCOMP.DATA. This file can be changed and enlarged to include a
maximum of 39 compounds. Changes are made by altering the file
CORPSDAT.BAS, which is included with the distribution disk. This file
contains the following data for a compound:

Name

Molecular Weight

Octanol-Water Partition Coefficient

Henry’s Constant

Molecular Diffusivity

Decay Constants--water, dissolved phase
water, particulate phase
mixed layer, dissolved phase
mixed layer, particulate phase
deep sediments, dissolved phase
deep sediments, particulate phase

Additions and changes are made by altering or adding data statements to the
file CORPSDAT.BAS and running the program. Errors will occur in
RECOVERY if there are more than 39 compounds, a compound name with
greater than 28 letters, or additional parameters are added to the data
statements.

Model Source

In order 1o access the model source code in the QuickBasic environment,
type gb recovery /1 reclib when you are in a directory containing QuickBASIC
Version 4.5 and the following files (included on the distribution disk):

RECOVERY.MAK
RECOVERY.BAS
CRANK.BAS
ADAPTEST.BAS
MODEL.BAS
RECLIB.QLB

Chapter 4 User's Guide



Program Features

A list of data needed to run this program can be found in Table 4. Since
the compound properties for several contaminants are included in the provided
database, the user needs to provide compound properties only if the contami-
nant under consideration is not one that is in the database. The values in the
database that comes with the distribution disk are listed in Table 5. The data
file can be changed as described in Chapter 3.

The data are entered on a series of input screens with editing capabilities.
The user can easily page forward and backward through the screens while
entering data. On-line help is also available. If any of the entered data are
invalid, an error message appears instructing the user to re-enter the data. For
computers with graphic display capabilities, the deep-sediment concentration
profile will be displayed during the model computation.

Chapter 4 Usar's Guide

23



24

Table 4

Input Data for RECOVERY Model

Water Column Merphometry/Hydrology: (2 specified, 4th computed)

Fiow through, m®%year
Residence time, year
Surface area, m®
Water depth, m

Water Layer:

Initial concentration, pg/m>

Contaminated Sediments:

Depth of contaminated sediment layer, m
Depth of mixed layer, m
Mixed sayer surface area, m?
Initial concentrations, pg/m®
Mixed layer
Deep contaminated sediments

System Properties:

Suspended solids concentration in water, g/m®
Mixed layer porosity
Deep sediment porosity

Sediment particle density, g/m® ~
Wind speed, m/s
Fraction organic carbon, g-orgC/g-dry wt solids

Water layer

Mixed layer

Deep contaminated sediments

Two of the following three velocities;
Resuspension velocity, m/s
Burial velocity, m/s
Settling velocity, m/s

Compound Propertios:

Molecular diffusivity, cm®s

Decay coefficients, per year. pariculate - water
dissolved - water
particulate - mixed layer
dissolved - mixed iayer
particulate - deep sediments
dissolved - deep sediments

Henry's constant, atm-m*gmole

Octanol-water partition coefficient

Molecular weight, g/gmole




Table 5
Compound Properties
Henry's Constant ‘
@ 25 °C Molecular Weight

Compound atm m%gmole log (K,.) g/gmole

Chlordane 48 x10° 278 4086

DDT 38 x10° 5.00 354.5

Dieldrin 20x107 3.54 381.0

Lindane 4.9 % 107 3.70 280.0

Arochlor 1242 8.4 x10? 6.72 3284

Arochlor 1248 3.5 x 10° 6.00 295.0

Arochior 1254 28 x 10°® 6.00 328.0

Arochlor 1260 7.1 % 10% : 6.50 361.0

Benzene 55 x10° 2.10 78.0

Chlorobenzene 3.7 x10% 208 1126

Ethylbenzene B.7 x 10% 3.15 106.0

Pentachloropheno! 34 x10° 5.00 266.0

Phenol 1.3 x 10 1.48 94,1

Toluene 6.7 x 10° 2.70 92.0

Anthracene 1.7 x 10? 4.45 178.2

Benzo(a)pyrene 7.2 x 107 5.00 252.0

Naphthalene 4.3 x 10 3.36 128.0

Chioroform 42 x10° 1.95 118.0

Note:  Values for Henry's constant K, and molecuiar weight are from Lyman et al. {1982},
Schnoor et al. {1987}, and Thomann and Mueller (1987). The default vaiues for all
molecular diffusivities are 5 x 10*® cm%s. The default values for all decay coefficients
are zero.

The final results are displayed as plots on the screen and can be printed on
a printer using the Shift+Print Screen command. Numerical results can be
dumped 1o the printer also. The plots are as follows:

a. Contaminant concentration in the water versus time.

b. Contaminant concentration in the mixed layer versus time.

¢. Flux of the contaminant from the sediments into the water versus time.

d. Volatilization losses of the contaminant from the water versus time.

2
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The input data can be stored on a disk and retrieved for later use. The user
can also easily retum to the input screens to make modifications. Appendix C
gives a sequential example of the screens in running the RECOVERY model.

This program is written in Microsoft QuickBASIC 4.5 and has been written
for the following combinations of graphic adapters and displays:

CGA and Color Display

EGA and Monochrome Display

EGA and Color Display

EGA and Enhanced Color Display

VGA and Monochrome Display

VGA and Color Display

Hercules Video Card and Monochrome Display

A math coprocessor is not required to run RECOVERY. The use of one,
however, will decrease the computation time.

System Specific Issues

The following list describes some procedures that are specific to particular
hardware systems. If you have problems running RECOVERY, please consult
the list below.

a. Use of Hercules Graphics Card

If your system has a Hercules Graphics Card, you will need to load the
Hercules driver before running the program. The driver,
MSHERC.COM, ((C) Copyright Microsoft Corporation, 1987, 1988) is
provided on the distribution disk. To run the program, type MSHERC.
If you do not run this program, the model should run but not display
any graphics.

b. Strange Sediment Profile Results

If your system has all of the following characteristics, you may have
floating-point math problems.

s« Uses MS-DOS Version 3.20.

» Boots from a hard drive.
«  Has a math coprocessor (for instance, an 8087 chip).

These problems can be avoided by booting the computer from a floppy
disk drive instead of the hard drive.
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WARNING: If you have floating-point math problems, the model
information will not be correct. This should be evident by the
graphical results.

c¢. Use of a Compag 386 with a Math Coprocessor

If you are using a Compaq 386 that has a math coprocessor installed,
RECOVERY may crash. In order to use the model, turn the coproces-
sor off by adding the line SET NO87 ="’ to the CONFIG.5YS file
and rebooting your machine.
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5 Conclusions and
Recommendations

RECOVERY is designed for interactive implementation via a personal com-
puter. The program allows the user to rapidly generate and analyze recovery
scenarios for contaminated sediments. The software includes graphical dis-
plays and is self-documented. The intent of this report is to document the
model and confirm it against existing field data.

The confirmation of RECOVERY against the quarry experiments shows the
ability of the program to simulate behavior of organics in a real system with a
limited amount of data. Results are similar to those predicted by another
model and, thus, appear to demonstrate the validity of the algorithms used to
describe the fate and transport of organics.

One problem found in the confirmation exercise was the simulation of the
initial part of the quarry experiment where an initial organic load was applied
to the pond. The current formulation of the model assumes no loadings asso-
ciated with the inflow. To overcome the loading problem and the completely
mixed assumption, the simulation was started at a time where the sediments
were contaminated with pesticides, and the surface water pesticide concentra-
tion was fairly uniform throughout the pond. After satisfying the model as-
sumptions, the simulation proceeded with good results when compared with
both the data collected at the site and another model.

The RECOVERY model can be applied in a variety of scenarios, including
lakes, embayments, harbors, estuaries, and ocean parcels, as long as the as-
sumptions of a completely mixed water body is acceptable along with other
assumptions listed in Table 1. Average yearly flushing would be needed in
any of the applications above, in addition to the other chemical and physical
parameters for a weli-defined simulation.

Mechanistic and/or modular improvements recommended for RECOVERY
are the following:

a. Allow exiernal contaminant loadings from point and nonpoint sources.
b. Allow atmospheric contaminant loads, such as dry or wet deposition.
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c. Allow the variation of physical and chemical properties in the contami-
nated sediment.

d. Include food chain uptake, such as fish gill exchange and sediment
uptake.

e. Develop a version of RECOVERY to assess the impact on surface
waters from bottom sediments contaminated with heavy metals.

The above recommendations include both short-term modifications (the first
two) and long-term improvements. The short-term modifications will provide
a wider range of applications for the RECOVERY model and would not be
major modifications of the program. Recommendations ¢ and 4 are a major
undertaking and would imply substantial modifications of the program. The
last recommendation would involve substantial effort since both transport and
kinetic algorithms would need modifications and/or development.

Chapter 5 Conclusions and Recommendations
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Appendix A
Nomenciature

Fa

Appendix A Nomenclature

Mixed layer surface area, m>
Water surface area, m’.

Contaminant concentration in the inlet to the water body,
3

pg/m’,
Contaminant .concentration in the mixed layer, pg/m’.

Initial contaminant concentration in the mixed layer, pg/m”>.
Contaminant concentration in the deep sediments, pg/m’.
Initial contaminant concentration in the deep sediments, ng/m>.

Contaminant concentration at the top of the deep sediments,
3

pg/m’.
Contaminant concentration in the water, pg/m’.

Initial contaminant concentration in the water, pg/m’.
Molecular diffusivity, m%s.

Diffusion coefficient in the sediment pore water, m%/s.

Ratio of contaminant concentration in the mixed layer pore
water 1o concentration in the total mixed layer, dimensioniess,

Ratio of contaminant concentration in the deep sediment pore
water to concentration in the total deep sediments,
dimensionless.

Fraction of contaminant in particulate form in the water,
dimensionless.

Al




Weight fraction of organic carbon in the solid matter,
g-orgC/g-solid.

Fraction of contaminant in dissolved form in the water,
dimensionless.

Henry’s law constant, dimensionless.
Henry’s law constant, atm-m*/gmole.
Flux of the contaminant, g/(m>-year).

Flux of the contaminant from the mixed layer to the deep
sediments, g/(m>-year).

Contaminant partition coefficient in the water, m®/g. —
Contaminant partition coefficient in the sediments, m’/g.

Gas-film mass transfer coefficient, m/year.

Liquid-film mass transfer coefficient, m/yeat.

Decay rate constant of the contaminant in the mixed layer,
[year.

Octanol-water partition coefficient, (mg/m*-Octanol)/
(mg/m>-water).

Decay rate constant of the contaminant in the deep sediments,
fyear.

Volatilization rate of the contaminant, /year.

Decay rate constant of the contaminant in the water, /year. —
Molecular weight of the contaminant, g/gmole. |
Flow rate into and out of the water body, m’.

Universal gas constant, atm-m>/(gmole-kelvins).

Suspended solids concentration in the water, g/m®.

Time, years.

Absolute temperature, kelvins.

Burial velocity, m/year.
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\'P Diffusive mass transfer coefficient, m/year.

V., Volume of the mixed layer, m>,
Vv, Resuspension velocity of the sediments into the water, m/year.
v, Settling velocity of the particulate matter from the water to the

sediments, m/year.

Vv, Volatilization transfer coefficient, m/year. -

v, Volume of the water, m®.

U, Wind speed, m/year.

z Length over which the concentration gradient exists at the f;
sediment/water interface, m.

Z, Depth of the mixed layer, m.

z, Depth of the water layer, m.

p Density of the sediment solids, g/m’.

o Porosity

A3
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Appendix B
Input Screens for DDE and
Lindane Runs

Appendix 8 Input Screens for DDE and Lindane Runs

B1



B2

RECOVERY RUN
DDE

HORPHOXETRY AMD HYDROLOGY
WATER
Initial Concentration of
= p—> PDI (rym*): 3.500E+68
Water
flixed ENTER 3 OF THE FOLLOWING 4 UALUES AtD PRESS F9:
Decp Water Surface frea (n*2): 1800E +88
Contaninated Hater Depth (n): 18.4
Sedinents Flou Through (n*3Inr):
Residence tine (years): 58.08
Clear
Sedinents
Calculited Flov Through (n"34r): 288.82
Help-F1  Edit-F2_ ReCalc-F9  Store Batasfdvance-FI8  Change Compound-Esr)
INPUT SCREEN 1
MORPHOMETRY AMD HYDROLOGY
COMTAMINATED SEBINENTS LAYER
Ly | —
Vater L = Contaninated Sedirent Depth (n): NI
2 = Depth of Mixed Layer (cm): 1,89
Mixed Layer Surface firea (8°2): 1889E +84
Hixed :E
Initial Concentrations (rgm™3)
beep L Hixed Layer: 3.500E+84
{Contaninated Deep Contaminated Sediments: 3,580 +84
Sed inents
Clean
Sedinents
Help-F1 Edit-F2 Store Bata and Advance-FiB

INPUT SCREEN 2
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RECOVERY RUN
DDE

SYSIEN PROPERTIES
Buspended Solids Concentration in Vater (g/n*3):
Hixed Sediment Porosity: B.6S
Deep Sediment Porosity: B.t%
Hixed Sediment Farticle Density (g/n"3): 250485
Deep Sediment Particle Demsity (g/"3): 2.58E485
Wind Speed (m/sec): 2,80
Weight fraction carban in solid - vater: 5.08E-82
%elght fraction carbon in solid - mixed layer: 0.0aE-82
Weight Fraction carbon In solid - sediments: 5.0aE-82
INPUT TWO OF THE FOLLOWING UEEOCITIES #XD PRESS F9:
Yeloclty (vyr) | Typical Value Value for this Bun
jon Velocity: 0,08E+88 A.08E68
ial Velocity: 0. ME-# 5.00E-64
{tling Velocity: 1,88E+82
Calculated Settling Velocity (nyr): 8,75E481
Help-Fi Edit-F2 ReCalc-F9 $tore Data and Advance-FI8

INPUT SCREEN 3

DOT PROPERTIES

Property Valye for This Pun

Default Value

nry's Con, (atn-n"3/gnole)

Iecular Weight 354,58
nol-Yater Partition Coeff. 5.08EHd
(mg/2"3 octanol)’(ng/a"3 water)
TED DATA
9,52t-81
7.65E-83
1.73E-83
741E-M
artition Coeff icients:
1.54E-83
1.54E-83
1.546-83
latilization rate {lnyr) 5.09E+88

3.98E-65
¥4.58
5.80E+84

9,92E-81
7.65E-83
1,73E-83
1.41E-84

§.HE-03
1.54E-83
1,54E-83

5.89E88

INPUT SCREEN 4

Help-Fi Edit-F2 FeCalc-F9 Store Data and Advance-F18
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RECOVERY RUN2
DDE

NORPHOVETRY AD HYDROLOGY

WATER
|_ Initial Concentration of
4 > DOT (ram’3:
Hater
Hixed EMTER 3 OF THE FOLLOWING 4 UALUES AKD FRESS F9:
Pesp Kater Surface frea (w°2): 1B00E+88
Contaninated Water Depth (n): 1.8
Sedinents Flov Through (A"3yr):
Resldence Time (years): 58.88
Clean
Sedimnents
Calculated Flov Through (n*3Ayr): 284,80

belp-F1 _ EAI4-F2 _ ReCelc-¥3  Store DatasAduance-FIB  Change Compound-Esc

INPUT SCREEN 1

TORPROFETRY AD HYDROLOGY
I_ COMTAMINATED SEDIMENTS LAYER
» —
later L = Contaminated Sediment Depth (m):
2 = Depth of Nixed Layer (cw}: 1,68
Rixed Lager Surface frea (m°2): 1880E +50
met | |z
Initial Concentrations (rg/m™3)
Deep L Mixed Layer: 3,5HRE+B4
Contaninated Deep Contaninated Sediments: 3.500E+4
Sediments
{lean
Sedinents
Help-F1 Edit-F2 Store Pata and Advance-FiB

INPUT SCREEN 2
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RECOVERY RUN2

DDE
SYSTEN PROPERTIES
Kuspended Solids Concentration in Water (gan"3):
Hixed Sediment Porosity: 8.8
Deep Sediment Porosity: B.65
Bixed Sedinent Particle Demsity (gm™3): 2,58E486
Deep Sedinent Particle Density (53¢ 2.508E+86
Wind Speed (w/sec): 2.88
Weight fraction carbon in salld - water: SBBE-82
¥elght fractlon carbon In solid - mixed lager: C.B3E-82
Velght fraction carbon in solid - sediments: . DaE-82
INFUT THO OF THE FOLLOWING VELACITIES AlD PRESS F9:
tYelocity (myr) I Typlcal Ealue Ualue for this Run
ion Uelocity: B.BAE+E8 d.0eE+80
ial VYelocity: CHE-¥ 5.BIE-84
ttling Yelocity: 1,BAE+E2
Caleulated Settling Velocity (waur): B.7oEH1
Help-T1 Edif-F2 Realc-P9 Store Data and Advance-F10

INPUT SCREEN 3

DT PROFERTIES
Property | Value for This Kum | Default Value
leculiar Diffusivity (cn"2/sec) l 1,8E-85
ECAY COEFFICIENTS (i/yrs
issoived Contaminent:
In Mater 3,088 8.818
in Nixed Layer .60 8.918
In Deep Sediments B.?& 8.018
Particulate Contaminent:
‘Tl Vater ﬂ.m B.ﬂiﬂ
In Mixed Layer B8,6e8 B.818
In Deep Sedinents B.Bs8 8.81a
Help-Fl Edit-F2 Store Bata and Advance-F18

INPUT SCREEN 4
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RECOVERY RUN2

DDE
DDT PROPERTIES
Property Ualue for This Bun Default Value
Henry's Con, (ata-n"3/gnole) 3.98E-85
Molecular Weight 4,58 .58
nol-¥ater Partition Coeff. S, BAE+84 5.BBEHH

(mg/w™3 octanal)/(mg/m™3 vater)

9,92E-81 9,92E-81
7.65E-63 7.65E-83
1.39E-11 1.38E-83
TAIE-84 7413
artition Coefficients
154683 1.54E-83
1.54E-02 1.04E-81
1.54E-63 1.54E-83
latilization rate (iayr) 0.89E88 C.BSE+E

Help-Fi Edit-F2 ReCalc-FI Store Data and Advance-F18

INPUT SCREEN 5
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RECOVERY RUN
LINDANE

Water

Tixed

Decp
Contaninated
Sedinents

Clean
Sedinents

Help-F1 _ Edit-F2

MORPHOMETRY AHD HYDROLOGY

WATER

Initlal Concentration of
Lindane (pg/n"3): BEETIEIIN

ENTER 3 OF THE FOLLOMING 4 WAILES AKD PRESS F9:

Mater Surface frea (8°2): 1808E+8d
Hater Depth (n): i8.8

Flou Through (n"3ar):
lesidence Time (years): 58,83

Calculated Flow Through (a"3/yr): 250,09

ReCalc-F3__ Stare Datasfdvance-F18 _ Change Compound-Esc

INPUT SCREEN 1

f-—>
dater L = Contaninated Sediment Depth (m):
2 = Depth of Nixed Layer (ca): 3.6d
Nixed Layer Surface frea (x°2): 1BAGE +80
Nixed .k
Initial Concentrations {»gm"3)
Peep L Mixed Layer: 1.878E+83
Contaninated Deep Contaninated Sediments: 2.488E+3
Sediments
Clean
Sedinents
Help-F1 Edit-F2 Store Data and pdvance-FiB

HORPHOMEIRY @D HYDROLOGY

CONTRHIMATED SEDIMENTS LAYER

INPUT SCREEN 2
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RECOVERY RUN

LINDANE
SYSTEM PROPERTIES
Suspended Solids Concentration in ¥ater (g/m"3):
tixed Sedinent Porosity: B.65
Deep Sedinent Porosity: B.65
Nixed Sediment Particle Density (gn"3): 2.58E486
Deep Sediment Particle Density (gm*3): 2.S0E180
Wind Speed (w/sec): 1.4
Welght fraction carbon in solld - vater: £.08E-82
Welight fraction carbon in solid - mixed layer: 0.88E-82
Weight fraction carbon in solid - sediments: 0B0E-82
IKPUT TW0 OF THE FOLLONING UELOCITIES AND PRESS F9:
Veloclty (nyr) | Tupical Value Value for this Rm
msion Velocity: B.BBE8E 8.BBE+E8
ial Velocity: O HE-84
Settling Velocity: 1.B6E A2 3658401
Calculated Burial Uelocity (wyr): 2.B9E-B4
Help-F1 Edit-F2 Reale-F9 Store Data and Advance-F18

INPUT SCREEN 3

LINDAE PROFERTIES
Property Valee for This Run | Typlcal Ualue
Holecular Diffusivity (on*2/sec) 5.8E-86
EEC&Y COEFFICIENTS {iayr)
issolved Contaninent:
In Hater 8.584 8,018
In Nixed Layer 8.938 6.818
In Deep Sediments 8.%68 8.418
Farticulate Contaninent:
In Nater 8,888 8.418
In Rixed Layer a.614 8.h1d
In Deep Sediments 9,088 8.818
Help-Fi Edit-F2 Store Data aMd Advance-F10

INPUT SCREEN 4
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RECOVERY RUN

LINDANE
LINDANE PROPERTIES
Froperty Ualue for This Run Default Value
Henry's Con. (ata-n"J/grole) 4,90E-87
Molecular Height 298,68 258.60
Octanol-Water Partitlon Coetf. 0.81E+3 0.B1E+83
(ng/n"3 octanol )7 (mg/n"3 water)
CALCULATED DATA
Fdu 9.99E-81 9,99E-01
Fpv 7. 02584 702
Fdps 7.36E-83 7.30E-83
Partition Coefficients:

] 1. 5568 1.55E-4
1.55E-84 1.55E-84
1.55E-84 1,55E-84

tatilization rate (1yr) 6.62E-82 6.62E-82

Help-F1 Edi{-F2 ReCalc-F9 Store Datz and Advance-Fi8

INPUT SCREEN 5
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RECOYERY

A Decislon Support Modef for Screentng the Fate of ln-Place
Contaminated Sediments in Aquatic Environments

June, 1989
Beta Test Version 1.0

Weitten for The U.S. Army Caorps of Engineers
Waterways Experiment Statien
and
New Epgland Divisiaen

Written by Jean M. Boyer and Steven €. Chapra
Ceater for Advanced Decision Support
in Water and Environmental Systems
University of Colarado
Boulder, CO 80309-0428

MsHere program (C) Copyright "87, 'B88 Micreseft Cerp. All rights reserved,

Press any key to continue.

SCREEN 1

This program is 2 tool .for screening the fate of tn-piace contaminated
sediments In 2quatic :nvironments. It predicts the concentration of 2
contaminant in the water, the mixed sedtment layer and in the deep sedi-
ments over time. The flux of the contaminant from the sediments iato the
water is 2lso predicted. Note that the total number of years for which
the modei Is ruan is determined by approximating the time required far the
toxic concentiration in the water to decrease to 9% of the maximum value
achieved, up to a maximum of 100 years.

Please refer to the documentation accompanying this seftware for de-
taifed instructions and model theory.

[{ you need help while entering data into an input screen, press Fl.
Press Ctri«Break Lo terminate the program at any time. Press Shift+Print
Screen to print a graph displayed on the screem.

Press any key to continue.

SCREEN 2
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S

Highlight your choice and press Enter or
press the number preceding your selection.

1. Creale a new file.

R R B 0 N R O R R T TS R R

2. Retrieve data from an existing file.

AN NONALILA L OB A N A T

These are the .REC files and subdirectories listed in the spacified
directory. Highlight one of these using the up and down arrows and
press Enter or press Backspace to specify an altemative directory.
Press escape to retum to the previous screen,

Directory: C:\QB45:
CHLOR.REC ANTH.REC

DD KO AP RS AR L Ker

D

SCREEN 4a

s

7
¥
B
B3

]

AR A IR,

RS
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fﬁxm:mm:mmm-wmnx A AN R T R 2000 RN R AN

TR SRR R AR T TR R

The properties of the following contaminants are included in the database.
If the contaminant you want to consider is not listed, choose 0.

Highlight your choice using the arrow keys and press ENTER.

Compound Not Listed 10. Chlorabenzene
Chlordane _ 11. Ethyl Benzene
DDT 12. Pentachloropheno!
Dieldrin 13. Phenol

Lindane 14. Toluene

Arochlor 1242 15. Anthracene
Arochlor 1248 16. Benzo(a)pyrene
Arochlor 1254 17. Naphthalene
Arochlor 1260 18. Chloroformn
Benzene

CONOOAPPD

SCREEN 4b

T

Highlight your choice and press Enter or
press the number preceding your selection.

RPN B RN RR R AR RN 21

R A O S B A A A

1. View/Change Input file.

2. Run Using input File.

SCREEN 5
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MORPHOMETRY AND HYDROLOGY

Water

Inftia! Goncentration of 0.000E+00
Chlordane {(pg/m*3): .

Water

Mixed ENTER 3 OF THE FOLLOWING 4 VALUES AND PRESS Fg:

Deep Calculated Residence Time (years): 5.00
Contaminated .
Sediments

Clean
Sediments

Help-F1  Edit-F2  ReCaleF9  Store Data/Advance-FI0  Change Compound-Esc

H
=
%
Ed
H
4
H
H
&
H
H
H
F
H
K4
=
H
2
H
2
£
£
£
Z
z
E4
z
:’f
H
g
1
%
H
[
1
H
%
§
&)
£
=

R R X R R T P XN

CONTAMINATED SEDIMENTS LAYER

L = Contaminated Sediment Depth (m): .

- z = Depth of Mixed Layer (cm): 5.00
Water Mixed Layer Surface Area (m*2):  1000E+04

Mixed Initial Concentrations (1g/m3)
Deep Mixed Layer:  1.000E+03
Contaminated Deep Contaminated Sediments:  1.000E+03
Sediments .

Clean
Sediments

H
i
|
ﬁ
H
_’%
£
%
H
i
E
:
#
i
kS
X
H
2
i

RO D AN A DA VRS

Heip-F1 Edit-F2 Store Data and Advance-F10

Tt

SCREEN 7

e e e P

058 I3 AN X L O AP AT DD B

0 F R A

N N OIS O TN
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LRI RO I

SYSTEM PROPERTIES

Suspended Sofids Concentration in Water (g/m*3):
Mixed Sediment Porosity:

Deep Sediment Porosity:

Miked Sediment Particle Density (g/m*3):

Deep Sediment Particle Density {g/m*3):

Wind Speed (m/sec):

Weight fraction carbon in solid - water:

Waeight fraction carbon in sofid - mixed layer:
Waeight fraction carbon in solid - sediments:

INPUT TWQ OF THE FOLLOWING VELOCITIES AND PRESS Fo:

Velocity (m/yr) | Typleal Vaue Value for this Run

Resuspension Velocity: 0.00E+00
Burial Velocity: ‘ 5.34E-04
Settling Velocity: 1.00E+02

Caleulated Settling VelocHy (myr):

0.00E+00
5.00E-04

9.37E+01

Help-F1 Edit-F2 ReCaleF9 Store Dala and Advance-F10

SCREEN 8

CHLORDANE PROPERTIES

Property Value for This Run

Default Value

Molecular Diffusivity (cm*2/sec) 5.0E-06
DECAY COEFFICIENTS (147)

Dissolved Contaminant:

In Water
in Mixed Layer
in Deep Sediments

Particulate Contaminant:

In Water
in Mixed Layer
in Deep Sediments

Help-F1 Edit-F2

SCREEN 9

Store Data and Advance-F10

5.0E=06

SAX AT 2B OL R T

ER SRR AR

ks

o STV

£
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Propertly Value for This Run

Henry's Con. (atm-m*3/gmole) 4 80E-05
Molecular Weight 409.60
- Octanol-Water Partition Coeff. 6.03E+02
{mg/m*3 octanol)/(mg/m*3 water)

CALGULATED DATA

Fdw 1.00E+00
Fow 3.72E-05 3.72E-05
Fdpm 1.28E-01 1.28E-01
Fdps 1.28E-01 1.28E-01

Partition Coefficients

Kdw 1.86E-05 1.86E-05
Kdm 1.86E-0.5 1.86E-05
Kds 1.86E-0.5 1.86E-05

Volatilization rate (1/yr) 1.14E+01 1.14E401

AN N NUCH NAOIGN NN 0NN K MUSE IR SR e

R AN KN RETE T

Help-Fi Edit-+2 ReCale-F9 Store Data and Advance-F10

AR S S R I A TR R R T AR TR 28 A R A R AN R AR R RNR AR,

P SRR B O

W

Highlight your choice and press Enter or
press the number preceding your selection.

1. Return to input screens. Change compound.

2. Retumn to input screens. Same compound.

£
4
H
x
i
E
H
E
H
2
5
b
Z
E
ES
®
ES
R
&
2
&
2
g
£
g
H
%
El

3. Entered data are ok. Continue.

AT P b 2 2 Y S R A O R B R S AR R B S SRR S SRR ROSRAA S R E ER RRT RRR R R SRR

LRI B SR TR

SCREEN 11
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AN IR R 7

Concantration Profila Below the Mixed Sediment Layer (depth In m)
Chlordane

Year: 1.18

10 20 30 40 50 60 70 80 90 100

R BB T B S R Ty A R A R D R R S P S R U R

Concentration (micrograms/m#3) x 1041

Press any key for output. Total years: 1.0

Highlight your choice and press Enter or
press the number preceding your selection.

1.
2.
3.
4.
5.
6.
7.
8.
=2

SCREEN 12

Plot Contaminant Concentration in Water.

R ws-«m’é(

Plot Contaminant Concentration in Mixed Layer.

Plot Flux of Contaminant from Sediments into Water.
Plot Volatilization Rate from the Water.

Print Table of Results to Printer.

Return to Input Screens.

Return to Beginning of Program.

Save the Input Data for This Run.

Exit Program,

R A K TR 3 R D A AR RS SR SRR RE R

SCREEN 13
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LT R A K RO TRFm T I s TSP

Chlordane Concentration in the Water {micrograms/mA3)

6.42E-01

6.35E-01

4.28E-01

3.21E-01

2.14E-01

1.07E-01

Cc
0
n
¢
e
n
t
r
a
t
i
o
n

0.00E+00 T
0.5

R

Time (Years)

BTG

Press Shift+PrintScreen to print.

T 00 e N A P o Y DR

&

SCREEN 14

h

Press any key to continue,

Chlordane Concentration in the Mixed Layer (micrograms/m*3)

R o

9.95E+02

8.30E+02

6.64E+02

AN D0 IO 4 R WK 4,

4.88E+02

3.82E+02

D0 =m P =~~D200300

1.66E+02 \

0.C0E+00 T
0 05

g
3
3z
&=
i

Time (Years)

Press Shift+PrintScreen to print.

SCREEN 15

Press any key to continue.

RTIY.

A A S IS R B B i B B D B G L B s 0 2 B R e BB W

’1‘2‘.‘1:

%7

R RS R e A P A NS, Y S 00 5 SO AR B D ST BB R R R O G v
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Flux of Chlordane into Water from Sediments {(micrograms/{m*2-yr}}

0.83E+02

8.18E+02

6.65E+02

4.92E+02

3.28E+02

1.64E+02

0.00E+00 T
0 05

Time (Years)

Press Shift+PrintScraen to print. Press any key to continue.

SCREEN 16

Volatilization Rate Chiordarie from the Water (micrograms/yr)

7.29E+08

€.08E+08

4 B6E+08

3.65E+08

2.43E+08

N O e N ) — O <

1.22E+08

0.00E+00 T
0 0s

® ~p D

Time (Years)

Press Shifi+PrintScreen to print. Press any key to contirue.

SCREEN 17
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