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FOREWORD

As environnental controls becone nore costly to inplenent and the penalties of
judgment errors becone nore severe, environnmental quality managenent requires
nore efficient nanagenent tools based on greater know edge of the

envi ronnental phenonena to be nanaged. As part of this Laboratory's research
on the occurrence, novenent, transformation, inpact and control of

envi ronnental contami nants, the Assessnent Branch devel ops nmanagenent or

engi neering tools to help pollution control officials assess the risk to human
health and the environnent posed by | and di sposal of hazardous wastes.

EPA' s Multinedi a Exposure Assessnent (MJLTIMED) sinulates the transport and
transformati on of contam nants rel eased froma hazardous waste di sposa
facility into the nultinmedia environnment. MJLTIMED includes contam nant

rel ease to either air or soil and possible interception of the subsurface
plume by a surface stream An inportant application of MIUTI MED woul d be the
prediction of pollutant novenent in | eachate froma Subtitle D landfill, a use
that requires only a subset of the nodel's full capabilities. This nanual,
then, provides instruction for inexperienced as well as experienced nodel
users who seek to study or design waste disposal facilities.

Rosemari e C. Russo, Ph.D

Director

Envi ronnent al Research Laboratory
At hens, GA



ABSTRACT

The Environnental Protection Agency's Miltinedi a Exposure Assessnent Mode
(MULTI MED) for exposure assessnent sinulates the nmovenent of contam nants

| eaching froma landfill. The nodel consists of a number of nopdul es which
predi ct concentrations at a receptor due to transport in the subsurface,
surface water, or air. This report is an application manual for the use of
MULTI MED in nodeling Subtitle D Iland disposal facilities.

When applying MILTIMED to Subtitle D facilities, the landfill, surface water
and air nmodules in the nodel are not accessible by the user; only flow and
transport through the unsaturated zone and transport in saturated zone can be
consi dered. A steady-state, one-dinensional, seni-analytical nodule sinulates
flowin the unsaturated zone. The output fromthis nmodule, water saturation
as a function of depth, is used as input to the unsaturated zone transport
nodul e. The latter sinulates transient, one-dinmensional (vertical) transport
in the unsaturated zone and includes the effects of |ongitudinal dispersion,
i near adsorption, and first-order decay. The unsaturated zone transport
nodul e cal cul ates steady-state or transient contam nant concentrations.

Qutput from both unsaturated zone nodules is used to couple the unsaturated
zone transport nodule with the steady-state or transient, sem -analytica
saturated zone transport nmodule. The latter includes one-di nensional uniform
flow, three-di nensional dispersion, |linear adsorption, first-order decay, and
dilution due to direct infiltration into the groundwater plune.

The fate of contaminants in the various nedia depends on the chenica
properties of the contaninants as well as a nunber of nedia- and environnent-
speci fic paraneters. The uncertainty in these paraneters can be quantified in
MULTI MED using the Monte Carlo sinulation technique.

To enhance the user-friendly nature of MULTI MED, a preprocessor, PREMED, and a
post processor, POSTMED, have been devel oped. The preprocessor guides the user
in the creation of a correct Subtitle Dinput file by restricting certain
options and paraneters and by setting appropriate defaults.

This report was subnmitted in partial fulfillnment of Wrk Assignnment Nunber 32,
Contract Nunber 68-03-3513 by AQUA TERRA Consul tants, under the sponsorship of
the U S. Environnental Protection Agency. This report covers the period March
1990 to July 1990, and work was conpl eted as of August 1990.
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SECTION 1
| NTRODUCTI ON

Thi s docunment provides informati on needed to apply the U S. Environnental
Protection Agency's Miltinedia Model (MJULTIMED) to scenarios related to the
study and design of Subtitle D land disposal facilities. Application of
MULTIMED to Subtitle D facilities requires the use of only a subset of the
nodel 's capabilities. MILTIMED s nodel theory docunentation (Sal hotra et al.
1990) provides detailed information about the nodel's full capabilities. In
this section, the nodel's full capabilities are first briefly addressed
(Section 1.1). A summary of the nethods used for application to the design of
Subtitle D facilities follows (Section 1.2).

1.1 OVERVI EW OF MJLTI MED

MULTI MED si nmul ates the transport and transformati on of contam nants rel eased
froma waste disposal facility into the nmultinedia environment. Release to

either air or soil, including the unsaturated and the saturated zones, and
possi bl e interception of the subsurface contani nant plume by a surface stream
are included in the nodel. Thus, the nmodel can be used as a technical and

guantitative managenent tool to address the problem of the | and disposal of
chemcals in the nultinedia environnent. At this tinme, the air nodul es of the
model are not |linked to the other npdel npdules. As a result, the estinmated
rel ease of contaminants to the air is independent of the estimted contamn nant
rel ease to the subsurface and surface water

MULTI MED utilizes analytical and sem -anal ytical solution techniques to solve
the mat hemati cal equations describing flow and transport. The sinplifying
assunptions required to obtain the analytical solutions limt the conplexity
of the systems with can be represented by MILTIMED. The nopdel does not
account for site-specific spatial variability, the shape of the |and di sposa
facility, site-specific boundary conditions, or nmultiple aquifers and punping
wells. Nor can MJLTI MED sinul ate processes, such as flowin fractures and
chemical reactions between contaninants, which can have a significant affect
on the concentration of contaminants at a site. In nore conplex systens, it
may be beneficial to use MILTIMED as a "screening |evel" nmodel which would
allow a user to obtain an understanding of the system A nunerical nodel
could then be used if there are sufficient data and necessity to justify the
use of a nore conpl ex nodel .

1.1.1 Model Capabilities

During the devel opnent of this nodel, enphasis was placed on the creation of a
uni fied, user-friendly, software framework, with the capability to perform
uncertainty analysis, that can be easily enhanced by addi ng nodul es and/ or

nodi fyi ng exi sting nodul es.



To enhance the user-friendly nature of the nodel, separate interactive
preprocessi ng and postprocessing software has been devel oped for use in
creating and editing input and in plotting nodel output. The pre- and

post processors, PREVMED and POSTMED, have not been integrated with MJULTI MED
because of the size limtations of PC conputers. Therefore, after using the
preprocessor to create or nmodify input, the nodel is run in batch node.
Afterwards, the postprocessor can be used to produce plots of the Monte Carlo
output or plots of concentration versus tinme for transient output.

The fate of contaminants critically depends on a nunber of nedi a-specific
paranmeters. Typically nany of these paraneters exhibit spatial and tenporal
variability as well as variability due to nmeasurenent errors. MJILTIMED has
the capability to analyze the inpact of uncertainty and variability in the
nodel inputs on the nodel outputs (concentrations at specified points in the
mul ti medi a environnent), using the Monte Carlo sinmulation technique.

The major functions currently perfornmed by this nodel include:
e Allocation of default values to sone input paraneters/variables.
e Reading of the input data files.
® FEcho of input data to output files.
e Derivation of sone paraneters, if specified by the user

® Dependi ng on user-sel ected options:

- simul ati on of |eachate flux emanating fromthe source

- simul ati on of unsaturated zone flow and transport

- simul ati on of saturated zone transport only

- conput ati on of in-stream concentrations due to contani nant
| oadi ng assuming conplete interception of a plune in the
saturated zone

- conputation of the rate of contani nant enission fromthe
wast e di sposal unit into the atnosphere

- simul ati on of dispersion of the contaminants in the
at nosphere

® Ceneration of randominput values for Mnte Carlo simulations.

e Performance of statistical analyses of Mnte Carlo sinulations.

e Witing the concentrations at specified receptors to output files
for deterministic runs. 1In the Monte Carlo node, witing the
cunul ative frequency distribution and sel ected percentil es of
concentrations at receptors to output files.

e Printing the values of randomy generated input paraneters and the
conput ed concentration values for each Monte Carlo run



1.1.2 |Interaction Franmework (Al DE)

The pre- and postprocessor for MITI MED have been devel oped using the ANNE
Interaction Devel opnent Environment (AIDE) (Kittle et al., 1989).
Consequently, the construction of input and the anal ysis of output is
standardi zed in terms of screen formats, nmovement within and between screens,
and net hods of entering data, seeking on-line assistance and invoking
conmands. A full explanation of the conventions used is provided in Section
3.

1.2 APPLI CATION OF MJLTI MED TO SUBTI TLE D LAND DI SPOSAL FACI LI TI ES

The U.S. EPA has devel oped several restrictions for Subtitle D applications of
MULTI MED. These restrictions were nmade in an effort to develop a conservative
approach for sinulating |leachate mgration fromSubtitle D facilities.

. Only the Saturated and/or Unsaturated Mdul es may be active in
Subtitle D applications, because the Surface Water, Landfill and Air
Modul es have not been sufficiently tested at this tine.

. Al t hough MULTI MED can sinul ate either steady-state or transient
transport conditions, only steady-state transport simulations are
allowed for Subtitle D applications. No decay of the source termis
al  owed; the concentration of contam nants entering the aquifer
system must be constant in time. The contaninant pulse is assumed
conti nuous and constant for the duration of the sinulation.

. The receptor nmust be located directly downgradient of the facility,
so that it intercepts the center of the contam nant plunme. In
addi ti on, the contanminant concentration nust be calculated at the top
of aquifer. Therefore, the angle fromthe plune centerline to the
receptor and the vertical distance to the receptor nust be specified
as zero in Subtitle D applications.

Thus, MULTI MED can be applied at nany Subtitle D land disposal facility sites
to simul ate the transport of contanminants fromthe source, through the
saturated and/or unsaturated zones by groundwater, to a receptor (i.e. a
well). Wen MIULTIMED is used in conjunction with a separate source nodel,
such as HELP (Schroeder et al., 1984), it can be used in a variety of
applications. These applications include 1) devel opnent and conpari son of the
effects of different facility designs on groundwater quality, 2) prediction of
the results of different types of "failure" of the landfill, and 3) if

| eachate migration into the groundwater bel ow an existing waste di sposa
facility occurs, prediction of the fate and transport of the contamnants in

t he subsurface. The user should bear in nind, however, that MJULTI MED nay not
be an appropriate nodel for application to sonme sites. This issue, which is
di scussed in Section 5.1, should be considered before nodeling efforts
proceed.

As stated above, MILTI MED can be used in the design process to denpnstrate
that a particular design will adequately prevent contani nant concentrations in
groundwat er from exceedi ng heal t h-based thresholds. |n other words, MJILTIMED
conmbi ned with a source nodel can be used to denonstrate that either a |andfil
design, or the specific hydrogeol ogic conditions present at a site wll

prevent the mgration of significant quantities of contaminants fromthe
landfill. Procedures have been devel oped for the application of MILTIMED to
the design of Subtitle D facilities. These procedures are outlined in Section
5.2.4 and are briefly summari zed here.

. Col l ect site-specific hydrogeol ogic data

. Determ ne the contam nant to be sinulated and the active nodul es in
MULTI MED and t he point of conpliance

. Propose a landfill design and deternine the correspondi ng



infiltration rate

. Run MULTI MED and cal cul ate the dilution attenuation factor (i.e., the
factor by which the concentration is expected to decrease between the
landfill and the point of conpliance)

. Based on the resulting dilution attenuation factor, determine if the

design is acceptable
1.3 REPORT ORGAN ZATI ON

This report contains the information needed to apply MULTIMED, in conjunction
wi th anot her nodel, such as HELP (Schroeder et al., 1984 a and b), to Subtitle
D | and disposal facilities. Section 2 contains information about installation
and execution of the code. In Section 3, general information about the fornmat
and operation of the pre- and postprocessors is provided and Section 4

descri bes how to use the pre- and postprocessors for Subtitle D applications
of the nopdel. Section 5 discusses the devel opnent of a conceptual nodel for
Subtitle D applications, the linitations and capabilities of MJULTIMED, and
detail s about the input required to run each nodel nodule. Help in estimting
some of the nodel paraneters is contained in Section 6. |In Section 7,
appropriate exanple problenms are included. Finally, contained in Appendices
are 1) detailed information on the structure of the code and the format of
data in the input files, and 2) a listing of the subroutines in the code.

1.4 HOWTO USE TH S MANUAL

This application nmanual for the MJLTI MED nodel and its pre- and

post processors, PREMED and POSTMED, is designed to be used by inexperienced as
wel | as experienced users. |Instructions are suggested for two types of

i nexperienced users: the "hands-on, |earn-as-you-go" user and the "read the
docunent first" user, as well as for the experienced user. An experienced
user is defined as one who is already famliar with the basic capabilities and
operational aspects of PREMED, MJLTI MED and POSTMED, and wants to use the
progranms to perform sinulations. These instructions are based on a simlar
set of instructions found in Inhoff et al. (1990).



"Hands-on, lLearn-as-you-go" Users

1
2.

Read Section 2 for instructions on nodel installation and execution.

Install PREMED, MULTI MED, and POSTMED. Execute the tests provided
with the code and/or described in Section 2 to verify that PREMED and
POSTMED are properly installed.

From the DOS operating system execute PREVED by typi ng <PREMED> (do
not type the brackets). The opening screen will appear. Utilize one
of the two tutorials by typing either <@ETER LOG for a
deternministic Subtitle D application or <@IONTE. LOG for a Mnte
Carlo Subtitle D application

Use the conpleted input sequence generated by the selected tutorial
to run MIULTIMED. The input sequence created by the <@ETER. LOG>
tutorial is the same as that used in Exanple 2 in Section 7. The

i nput generated by the <@/MONTE. LOG> tutorial corresponds to Exanple 3
in Section 7.

Exam ne t he out put generated by the MJLTI MED npodel . Because new
versions of MJLTIMED nmay be rel eased after publication of this
docunent, the output may not be identical to the output shown in
Section 7. Therefore, conpare the output generated by MILTIMED with
the appropriate output file provided with the code. This will allow
you to verify that the MIULTI MED nodel is properly installed.

Try the other exanple problens described in Section 7 to becone nore
famliar with MJLTI MED

Practice producing plots using POSTMED and the SAT1. QUT file
generated when the Exanple 3 input is run

Proceed with suggestions 2 through 5 provided bel ow for "experienced
users."

"Read the Docunentation First" Users

1

Read Section 1 to familiarize yourself with the basic capabilities

and framework of the MJLTIMED nmodel. |f you need nore detail ed

i nformation on the capabilities and linitations of MITIMED to
determine if the nodel will be suitable for your needs, read Section
5. 1.

Read Section 3 which discusses the format and basic operation of the
pr eprocessor, PREMED

Read Section 2 for instructions on nodel installation and execution.

Install PREMED, MULTI MED, and POSTMED. Execute the tests provided
with the code and/or described in Section 2 to verify that PREMED and
POSTMED are properly installed.

From the DOS operating system execute PREVED by typi ng <PREMED> (do
not type the brackets). The opening screen will appear. Utilize one
of the two tutorials by typing either <@ETER LOG for a
deternministic Subtitle D application or <@IONTE. LOG for a Mnte
Carlo Subtitle D application



10.

11 .

Section 4 discusses the use of the pre- and post-processor. Read
Section 4.1 in conjunction with the tutorial to provide a conplete
descri ption of PREMED

Use the conpl eted i nput sequence generated by the selected tutoria

to run MIULTI MED. The input sequence created by the <@ZETER LOG
tutorial is the sane as that used in Exanple 2 in Section 7. The

i nput generated by the <@/MONTE. LOG> tutorial corresponds to Exanple 3
in Section 7.

Exam ne the output generated by the MULTI MED nodel. Because new
versions of MITIMED may be rel eased after publication of this
docunent, the output may not be identical to the output shown in
Section 7. Therefore, conpare the output generated by MULTIMED with
the appropriate output file provided with the code. This will allow
you to verify that the MULTI MED nodel is properly installed.

Try the other exanple problens described in Section 7 to becone nore
fam liar with MJLTI MED

Practice produci ng plots using POSTMED and the SAT1. QUT file
generated when the Exanple 3 input is run

Proceed with suggestions 2 through 5 provided bel ow for "experienced
users."

Experi enced Users

1

4.

o

Read Section 2 and install PREMED, MJULTI MED, and POSTMED. Execute
the tests provided with the code and/or described in Section 2 to
verify that PREMED and POSTMED are properly installed, and execute
the test run for PREMED

Read Section 5.2 which discusses applying MILTIMED to Subtitle D
facility problems. Refer to Section 5.1, which includes a discussion
of issues related to conceptualization of the system and the
capabilities and limtations of MITIMED, as needed.

Read Section 6 as needed to estinmate paraneters required by MILTI MED

Try using MITIMED to sinmulate actual scenari os.

If you wish to make changes to input files w thout using the
preprocessor, refer to Appendix A which discusses the format for
i nput files.



SECTI ON 2
PROGRAM | NSTALLATI ON AND EXECUTI ON

This section describes howto install and test MJULTIMED and the rel ated pre-
and post processor software on the user's conputer. Hardware and software
requi renents are discussed. Exact details of installation are included with
the software when it is distributed by the EPA Center for Exposure Assessnent
Model ing (CEAM at the Environnental Research Laboratory in Athens, Ceorgia.
If problens are experienced, the user should contact CEAM for support.

2.1 SYSTEM REQUI REMENTS
2.1.1 Hardware

MULTI MED and the rel ated pre- and postprocessors, PREMED and POSTMED, were
designed to be used on an | BM PC conpati bl e computer. The PC nust have 640 KB
of memory, a math coprocessor, and approximately 4 MB of free di sk space.

Addi ti onal nmachi nes which should run the software include Digital Equipnent
Cor porati on VAX conputers running the VMS operation system Prine 50 Series
conputer running PRIMOS and Sun M crosystens workstations running UNI X.
Contact CEAM for details.

2.1.2 Software

MULTIMED and its related software are witten in FORTRAN 77. |If conpilation
of the code is required, a FORTRAN conpiler and linker are needed. |In
addition, conpilation of the preprocessor, PREMED, and postprocessor, POSTMED
requires the use of ANNIE-IDE software (Kittle et al., 1989), which is

avail able from CEAM G aphics in the nodel postprocessor use the ANS|

Graphi cal Kernel System (GKS). |If the graph features of the postprocessor are
to be used, then GKS device drivers are required for the user's output and

i nput devices. Consult CEAM for additional information about obtaining these
devi ce drivers.

2.2 LOADI NG THE EXECUTABLE CODE

Included with the distribution nedia for MILTIMED and its related pre- and
post processi ng software is a README. 1ST docunent and file that provides
detailed instructions for installing the prograns. It is recomended that
data files be maintained in directories separate fromthe code.



2.3 EXECUTI NG AND VERI FYI NG TEST SESSI ONS

Sanple input data files and the related output files are distributed with the
nodel. In order to test the installation of MILTIMED, the user should run

t hese exanpl e probl ens and conpare the output generated by the code with the
output files supplied with the code. The code is executed on a PC by typing
MULTI MED<CR> (<CR> is the enter key). The nodel will query the user for the
name of the input file and the nanme of the file to which output should be
written. Be careful not to overwite existing output files.

In order to test the installation of the preprocessor, performthe follow ng
check. First, execute the program (on a PC type PREMED<CR>). Next type the
foll owi ng sequence of keys:

BCS<CR><CR>MkF2><F2>FU<F2>RRYRY

Note that <F2> is the F2 function key. The screen in[Figure 2.1 shoul d appear
on the display screen. To return to the operating system type the key R

The best test of the installation of the postprocessor is to plot the results
of the Monte Carlo simulation distributed with the nodel. The output file is
cal | ed EX3SAT1. QUT. First, execute the program (on a PC type POSTMED<CR>).

Next, for plotting results to the screen type the foll owi ng sequence of Kkeys:

D<F2>EX3SAT1. QUT<F2>P

A cumul ative frequency plot will appear on the conputer screen. This plot
shoul d be the same as the cunul ative frequency plot found in the main output
file for the same problem After examining the plot, press the Escape key,
Esc, to clear the plot fromthe screen. To return to the operating system
type the key R

For computers wi thout graphics capabilities, the followi ng check can be
performed. After executing the program (on a PC type POSTMED<CR>), type the
foll owi ng sequence of keys:

D<F2>EX3SAT1. QUT<F2>S

At this point, hit the down arrow key once, then type PR<F2>P. The cumul ative
frequency plot will be sent to the printer. After the plot has been sent,
return to the operating systemby typing the key R

If there is a problemw th any of the three software conponents of MJILTI MED,
review the installation instructions carefully before calling CEAM for
support.



SECTI ON 3

FORMAT AND OPERATI ON OF THE PRE- AND POSTPROCESSOR

A pre- and a postprocessor, PREVMED and POSTMED, have been devel oped for
MULTIMED in order to inprove the ease with which input can be created and/ or
edited and out put can be analyzed. The pre- and postprocessors have been
devel oped using the ANNIE Interaction Devel opment Environnent (Annie-|DE)
(Kittle et al., 1989). Consequently, user interaction within the programis
standardi zed in terns of screen formats, novement within and between screens,
and nethods of entering data, seeking on-line assistance and invoking
conmands.

Two tutorials are distributed with the preprocessor (see Section 4.1.3 for

i nformati on about running the tutorials). These tutorials famliarize the
user with the operation and features of the preprocessor and are recomended
for new users. Although no tutorial exists for the postprocessor, its fornmat
and operation are identical to that of the preprocessor. To conplenent the
tutorials, the fornmat and operation of the screens are described in detai

bel ow. The summary is taken, with mnimal adaptation, fromthe manual for
anot her Anni e-|IDE application, called DBAPE (I nmhoff et al., 1989).

3.1 SCREEN FORNMAT

Figure 3.1|defines the basic |ayout of a preprocessor screen. The layout is
consi sten

for all screens used by PREMED, with specific kinds of infornmation
al ways | ocated at the sane region of the screen. Screen information is
divided into four conponents: three wi ndows (data w ndow, assistance w ndow,
i nstruction wi ndow) and the command |ine. For conveni ence, the di nensions,
content, and inportant features of the four screen conponents are summari zed
al ong the periphery of the screen area in the figure.

3.1.1 Data W ndow

The top portion of the screen is the data wi ndow. The data w ndow contents
consi st of one or nore of the follow ng.

(1) Prompts for user-supplied decisions by neans of nmenu
sel ection
(2) Prompts for user-supplied data by neans of formfill-in
(3) Echoes for current state of data
Two user-controlled sizes for the data wi ndow are used. |In the default

| ayout, the assistance window is not displayed, resulting in a two wi ndow, one
commandl i ne screen (see [Figure 3.2| for exanple). |f the user desires any of
the forms of assistance described in Section 3.1.2, then the data window is
reduced in size to accommpdate the assistance wi ndow (see [Figure 3.3).

Conversely, the assistance wi ndow can be elininated fromthe screen, thus
expandi ng the data w ndow, by invoking the QU ET command (<F8>). The pre- and
post processors accommodate up to 50 lines of data and enable scrolling in the
data wi ndow by using cursor keys when the data size exceeds the w ndow size
The title of the window and a series of one letter codes which identify the
sequence of screens which have led up to the current screen is displayed on

t he upper left hand border of the data wi ndow. Further explanation of the
"screen path" feature is provided in Section 3.3.3.

3.1.2 Assistance W ndow

10



Several types of user assistance are available within the pre- and
post processors. A |ayered approach to assistance is used as foll ows.

(1D Use of descriptive and uni que words or abbreviations for
field or menu option nanes in the data wi ndow al ways
provides "first-cut" definitions.

(2) When space allows, additional infornmation in the data
wi ndow near the data field or nenu option clarifies the
desired i nformation.

(3) If additional paranmeter- or screen-specific assistance is
available, it is supplied, upon request by the user, in
the assistance wi ndow. Two types of screen-dependent
assi stance can be displayed in the assistance w ndow:
HELP and LI M TS.

(4) If assistance of a global nature (i.e., independent of
i ndi vi dual screens) is available, it, also, is displayed
in the assistance w ndow upon request by the user. The
three types of gl obal assistance which can be displayed in
t he assi stance wi ndow are CVMND, STATUS and XPAD.

The | ayered "hel p" in PREMED and POSTMED is designed so that the user nust
specifically request the higher |evels of assistance; consequently,
experienced users are not subjected to unnecessary infornmation.

As specified above, the assistance wi ndow, which is |ocated directly below the
data wi ndow ([Figure 3.1), is used to display the nore detailed |levels of

assi stance (HELP, LIMTS, CMND, STATUS and XPAD). All types of detailed
assistance are further described later in this section. The user selects one
assistance type at a tine and the avail abl e assi stance of that type is

di spl ayed in the assistance window. The title of the w ndow (i.e., HELP,
LIMTS, CWMND, STATUS or XPAD) is displayed on the left portion of the upper
border for the wi ndow and corresponds to the type of assistance which has been
requested by the user. The types of assistance which are available for a
particul ar screen are indicated by the options listed in the command |ine
(Section 3.1.4). |If the anpunt of avail abl e assistance exceeds the w ndow
size, scrolling in the wi ndow by using cursor keys is allowed.

An exanpl e of screen |ayout for a three-wi ndow screen is shown in|Figure 3.3.
in the

Details on each of the assistance types which may be displayed wit
assi stance wi ndow fol | ow.

HELP

HELP assi stance provides further information on nodel and system paraneters

and nenu options (see|Figure 3.4). As noted above, HELP text is specific to a
particul ar screen and can be scrolled in the assistance w ndow.

LIMTS

LIMTS displays the allowable values for a specific field in the data w ndow.
LIMTS information nay be (1) maxi num and mi ni num acceptabl e nuneric val ues or
(2) a list of acceptable al phanuneric values. LIMTS text is specific to the
field currently highlighted in the data window, and it, also, can be scroll ed.
Figure 3.5 shows the type of information displayed in the assistance w ndow
when LIM TS has been sel ected.
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CMND

CWMND di spl ays the nanes and definitions of all active commands at the current

| ocation. The conmand definitions never change. 1t should be noted, however,
that the list of available commands varies according to location within the
program For exanple, the STATUS command is available only at certain program
"level s." CM\D text can be scrolled in the assistance w ndow.

STATUS

STATUS assi stance di spl ays system status nmessages that summari ze previous
actions and indicate the relative location of the user within the program
structure. A nmaxi numof 10 |ines of STATUS assistance nmay be viewed by the
user at any point within an application; STATUS assi stance cannot be scrolled.
i | lustrates the type of information displayed in the STATUS
message. The screen contains the follow ng information.

(1D Whether a file is being created or edited. |If editing an
existing file, the file nane is given.

(2) The type of application (i.e., a generic nodel application
or a Subtitle D application).

(3) The scenario being nodeled (i.e., the MJLTI MED nodul es
whi ch have been sel ected by the user).

XPAD

Scratch pad (XPAD) assistance allows the user to wite notes and reni nders
during an interactive session. The user may record information in a single
XPAD with a maxi numwi dth of 78 characters and length of 10 lines. Regardl ess
of where the user is located within the interactive session, a request for
XPAD assistance will call up the sane XPAD with the sanme information. XPAD
information in the assistance wi ndow can be scrolled. New notes can be added
to existing notes, and existing notes can be overwitten.

3.1.3 lnstruction Wndow

The instruction wi ndow i s al ways present on every screen. In the screen
layout, it is located bel ow the data and assi stance wi ndows and directly above
the command line (see[Figure 3.1). Two types of information are provided in
the window. instructions for the user's next keystroke or error messages
reporting incorrect keystrokes with instructions for corrective actions.

Dependi ng on which type of information is displayed by the syste t he wi ndow
title on the screen will be either "INSTRUCT" or "ERROR " |Figure 3.5| gives an
exanpl e of the type of information commonly provided in an TNSTRUCT-type

instruction wi ndow, and |[Figure 3.7|illustrates an ERROR-type instruction

wi ndow.

3.1.4 Command Line

The final conponent of the standard pre- and postprocessor screen is the
command line (Figure 3.I). The command line is restricted to one line. It
contains a nenu of abbreviations for the avail able commands at the user's
current location within the program structure. Definitions of the abbreviated
conmands are avail abl e by invoking the CM\D assistance in the assistance

wi ndow.

Table 3.1 lists the conmands available in PREMED, the function keys used to

i nvoke conmands, and command definitions. Inspection of the command line in
Figure 3.1|shows that some of the commands are associated with the PC
unctions keys and sone are not. Instructions on the alternate methods for

i nvoki ng the various commands are provided in Section 3.3.

A final feature of the command line is nentioned here to avoid confusion. As
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will be explained in the follow ng section, three interaction nodes can be
utilized: data node, conmand node, and assist nbde. The command |ine appears
on the screen when the user is utilizing either the data node or the conmand
node. \When the user has invoked the assist node, the command line is renoved
fromthe screen to avoid confusion, and command instructions are displayed in
the instruction wi ndow \Wen the user |eaves the assist node to return to
either of the other two npdes, the command |ine reappears.

3.2 | NTERACTI ON MODES

User interaction is organized into three "nodes," each with a specific
function:

(D Use data node to enter data or select fromnmenu options in
dat a wi ndow.
(2) Use command node to i nvoke commands or functions listed in
the command |ine; conmands performthree functions:
(a) Al l ow exit from screens (NEXT, PREV).
(b) Manage assi stance wi ndow (HELP, LIMTS, XPAD, STATUS,
CMND, QUI ET).
(c) Mani pul ate data w ndow (OOPS) .
(3) Use assi st node to provide supplenental information in the

scratch pad (XPAD) on which to base subsequent actions or
to scroll up or down in the assistance w ndow.

Not e that nost tasks perfornmed will only require use of the data and command
nodes.

TABLE 3-1. COWMVANDS FOR APPLI CATI ON OF PREMED
VYWV VY.V V.YV V.Y V.YV V.Y V.V V. V.V VY.V V.YV VY.V V.V V.V V.Y V. V. V.V V. V.. V. V.V V. V.. V.V V.V V. V.V V.V V.V.V.V. V. V.V.V. V]
Command Functi on

Nane Key Command Definition
CMND Di spl ay definitions of comands in assistance
i nformation wi ndow
DNPG Di spl ay next page in data wi ndow.
HELP <F1> Di splay HELP information in assistance
i nformation wi ndow

LIMTS  <F5> Display limts of current field in assistance

i nformation wi ndow
NEXT <F2> Go to next screen (sets screen exit status code

to 1)
OOPS Reset data values in data wi ndow to val ues when

screen was first displayed

PREV <F4> Go to previous screen

QU ET <F8> Turn of f assistance information wi ndow to all ow
nore room for data

STATUS  <F7> Di spl ay system status in assistance information
wi ndow

XPAD <F9> Di spl ay users scratch pad, allow changes

13



14



Moverment from each of the interaction nbdes to the other npdes can be
acconpl i shed as foll ows.

data node to command node - press <esc> key

data node to assi st nopde - press function key associated with
appropriate type of assistance or
enter command nmode and sel ect
appropriate assistance from options
in conmand |ine

command node to data node - press <esc> key
command node to assist node - select appropriate type of
assistance fromoptions in comand
line
assi st node to data nopde - press <esc> key
assi st node to command node - press <esc> key tw ce (goes
t hrough data node)
3.3 SCREEN MOVEMENT
Commands nmy be invoked either by pressing designated function keys or by
typing the first letter of a command nane. Likew se, menu options may be
sel ected either by noving the cursor to the selection field and confirm ng, or
by typing the first letter (or letters, if needed) of the nmenu item
Several general features of user comunication should be noted:
(1) There are no restrictions to upper- or |ower-case node.
(2) A key or command is always used to invoke the sanme function
(3) Function keys are only used to invoke commands.

3.3.1 Movenent Wthin Screens

Movermrent within screens may consist of (1) novenent between interaction nodes,
(2) nmovenent between the three wi ndows and the command |ine, or (3) novenent
within a wi ndow or command line. The first type of movenent, between

i nteraction nodes, has already been described in Section 3.2 and will not be
further considered here. Procedures which cause nmovenment within and between
the three wi ndows and the command |ine of a screen are outlined below For
organi zati on, the procedures which cause novenent are categorized in terns of
the three interaction nodes.

Dat a Mode- -
In data node, screen novenent and operations nay be acconplished by pressing
either printable character keystrokes, the <enter> or <return> key, the cursor

keys or selected function keys. However, the result of pressing some of these
keys depends on the type of screen which is presently displayed.
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If one is pronpted for decisions by means of a nenu (i.e., a nenu screen),
keystrokes cause the followi ng results.

(D Type the first letter (or nore, if needed) of any option
in the nenu in order to select the option

(2) Use cursor keys to nove between highlighted nenu options.

(3) Press function keys designated on the conmand line to

i nvoke the foll owi ng conmands.

<F1> - HELP <F2> - NEXT <F4> - PREV  <F9> - XPAD

If one is pronpted for data by neans of formfill-in (i.e., a data screen),
keystrokes cause the followi ng results.
(1D Type al phanuneric characters needed to correctly fill in
the data screen; the characters will be inserted in the

screen at the cursor position

(2) Press <enter> or <return> to end entry in one data field
and nove to anot her.

(3) Use cursor keys to nove within and anpbng data screen
fields as needed.

(4) Use function keys to invoke the foll owi ng conmand
functions.

<F1> - HELP <F2> - NEXT <F4> - PREV <F5> - LIMTS
<F9> - XPAD

Command Mode- -

In the command node, three categories of keystrokes cause novenent within
screens.

(1) All conmands, with the exception of NEXT and PREV (see
Section 3.3.2), cause novenent within screens. Type the
first character of any of these commands to invoke the
command and cause activity in either the data or the
assi stance wi ndow. The activity caused by invoking each
conmand is summarized in Table 3-1. As described in
Section 3.1.2, the commands CM\D, HELP, LIMTS, STATUS
QUI ET and XPAD cause activity in the assistance w ndow.
The command OOPS, which resets values in data screen to
the val ues present when the screen was first displayed,
causes activity exclusively in the data w ndow.

(2) Press the <enter> or <return> key to execute the conmand
currently highlighted in the command |i ne.

(3) Use the right or left cursor keys to nove the highlighting
to anot her command al ong the command |i ne.

Assi st Mode- -

While the user is in the assist npde, keystrokes cause no actions what soever
unl ess (1) the scratch pad (XPAD) is active or (2) information which can be
scrolled is contained in the assistance window. |If the scratch pad is active,
typed characters are inserted into the scratch pad at the current |ocation of
the cursor. The cursor can nove in all directions, and pressing the <enter>
or <return> key causes the start of a newline. Cursor keys can be used to
scroll up or down in any assistance w ndow when the avail abl e assi stance
exceeds the wi ndow hei ght.
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3.3.2 Myvenent Between Screens

A user can | eave one screen and npve on to another either by (1) selecting a
menu option in the data wi ndow or (2) invoking commands di spl ayed on the
commuand | i ne.

Menu Opti ons- -

Sel ection of a nenu option always |eads to a new screen. Fromthe data node,
menu sel ecti ons can be made by one of two net hods.

(1) Type the first letter (or letters, if needed) of the menu
item
(2) Move the cursor by use of cursor keys to the selection

field and confirmby typing <esc> N
Conmand Opti ons- -

I nvoki ng either the NEXT or the PREV command results in novenent to anot her
screen. Fromthe command node, command sel ections can be made by one of three
met hods.

(1) Type the first letter of the command.

(2) Move the cursor by use of cursor keys to the selection
field in the command |ine and confirm by pressing <enter>.

(3) For commands which are associated with a function key (as
indicated in the command line), press the appropriate
function key.

3.3.3 Screen Path

During an interactive session, an aid is provided for remenbering the sequence
of screens which have led up to the screen which is currently being displayed.
The screen path is connoted al ong the upper |eft hand border of the data

wi ndow following the windowtitle (see[Figure 3.7). The screen path is a
series of one or two letter codes which identify both (1) the type of
operations and (2) the sequence of operations which have occurred fromthe
time the user | eaves the opening screen until arriving at the current screen
For exanple, a screen path "BCS" in the preprocessor signifies that the
current screen is a result of (1) selecting the Build option on the opening
screen, (2) opting to Create a new input file, and (3) selecting a Subtitle D
application.

As the user branches downward, a letter is added to the screen path each tine
an operation is performed which results in the display of a new screen. The
letter corresponds to the first letter of the option selected in the previous
screen. In the case of sone menus two letters are needed to differentiate
bet ween options. In such cases, both letters are added to the screen path.
Conversely, upward novenent, which is acconplished by using the Return option
in any menu, results in the elimnation of a letter fromthe screen path.

It should be noted that familiarity with screen sequencing can al so speed up
the tine it takes to performfrequent tasks. After menorizing the screen path
needed to perform a sequence of operations and, hence, arrive at a particular

| ocation in the program one may type ahead and pass quickly over internediate
screens.
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SECTI ON 4
USE OF THE PRE- AND POSTPROCESSORS

The preprocessor, PREMED, allows the user to easily create an input file for
use in MULTIMED. The postprocessor, POSTMED, provides a nmeans of generating
graphs of concentration versus tinme and the results of Mdnte Carl o anal ysis.
Both of these prograns are designed to be fully interactive and easy to use.
Many of the features and options available in the pre- and postprocessors are
di scussed in Section 3.

4.1 THE PREPROCESSOR ( PREMED)

4.1.1 Use of the Preprocessor

Bef ore using the preprocessor, read the section on installation and execution
of MJLTI MED ( Section 2).

To execute the preprocessor, nmove to the directory which contains the
preprocessor and type <PREMED> (do not type the brackets). After a nonent the
Openi ng screen will appear, as shown in|Figure 4.1.

If you are unfamiliar with PREMED, it is strongly recomended that you utilize
the tutorials which are included with the preprocessor. These tutorials can
be accessed fromthe Opening screen by typing either <@ETER LOG> or

<@MONTE. LOG> (do not type the brackets). The tutorials are discussed in
Section 4.1.3.

The Openi ng screen displays several options. At this tine, only the

Buil d/ Modi fy and Return (to operating system options can be used. Currently
it is not possible to anal yze nodel results or execute MILTIMED fromthe
preprocessor. You can analyze the results from Monte Carlo simulations using
t he postprocessor, POSTMED. View ng results or executing MJILTIMED requires
that you return to the operating system

You nust use the Build/ Modify option to create or edit an input file for

MULTI MED. Select this option by typing <B> (do not type the brackets). The
Bui | d/ Modi fy screen will now be displayed as shown in

Fromthis screen, you may either create, edit, or save an input sequence for
use in MILTIMED. |If you select the Edit option (by typing <E>) you will be
pronpted for the nane of a preexisting input file (. Type the name
of a file, and select the "Next" option by pressing <F2> to continue with the
program

If you select the Create option, the Create screen will be displayed.
[4°4 shows the Create screen. This screen displays options for either a
Generic or a Subtitle D application of MIUTIMED. Only Subtitle D applications
are discussed in this manual. Since it is intended for regul atory
application,the Subtitle D application of MILTIMED restricts the options

avail abl e for sinmulation to those which have been thoroughly tested.

Therefore, only the scenario involving the Unsaturated Zone and Saturated
Zones may be executed, and the Landfill, Surface Water, or Air Mdul es may not
be used. Furthernore, the Subtitle D-specific applications may only be run in
st eady- st at e node.

The next screen which will be displayed by PREMED is the General -1 (BEGQ
screen. This screen allows input of information in the General Data group.
shows the appearance of the General -1 screen when the user has
chosen to create a Subtitle D input sequence. |If a Generic application is
selected on the Create screen, then the default values on the General -1 screen
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will be different.

The Run Title is allowed a maxi numof two lines. You may use any title for
your sinulation that you want. |In Subtitle D applications, the Run Option nmay
be either determ nistic or Monte Carlo, but the sinulation nmust be run in

st eady-state. Factors which should be consi dered when sel ecting these options
are discussed in Section 5.

The various nodul es in MILTIMED which will be active in the sinulation nust be
selected. The Subtitle D application may include only the Saturated Zone

and/ or Unsaturated Zone Mdul es. The Saturated Zone Mdul e should be used
alone only if the water table is located directly bel ow the bottom of the
waste disposal facility. 1In all other cases, the effects of unsaturated fl ow
and transport fromthe bottomof the facility to the water table cannot be
consi dered negligible, and the Unsaturated Zone Modul es should be included in
the simulation. At this tinme, the other nodules shown in Figure 4.5| (Surface
water, Air and Landfill) have not been sufficiently tested. Subtitle D
applications nust be run in steady-state. After the General -1 paraneters have
been specified, press <F2> for "Next" to nove to the next screen

If the Monte Carlo option is selected, the General-1 (BEG screen will be

foll owed by the General -2 (BEG screen ). This screen requires the
follow ng input: the nunber of Monte Carlo sinulations, the desired out put
fromthe nodel, and the confidence level (in % for the 80th, 85th, 90th and
95th estinmated percentiles. Estimation of the nunber of Mnte Carlo
simul ati ons and confidence | evels are discussed in Section 6.6. The anount of
output is related to the nunber of output files which are opened by the nodel:

LOTS- Opens all ".VAR' and ".OUT" files (i.e., wites the Monte Carlo
vari abl es for each sinulation and the correspondi ng output) and the
mai n output file.

SOME- Opens only the main output file, "STATS. QUT" and " SAT1. QUT"

NONE- Opens only the main output file and "STATS. QUT". Note that the
post processor cannot be used if this anpunt of output is selected,
since POSTMED requires the "SAT1. QUT" file for the sinulation

After the General -2 (BEG screen paraneters have been set as desired, press
the <F2> to nove to the next screen

The Edit (BE) screen will now be displayed as shown in[Figure 4.7. This

screen all ows access to the nine data groups included in MILTIMED: the
General, AQuifer, Air, SQurce, SUrface, Chem cal, Funsat, Landfill and Tunsat
data groups. Not all of these data groups are required for a specific

simul ation. For exanple, if the Air Mdule was not selected as an active
nodul e on the General-1 (BEG screen, then the Air data group option on the
Edit (BE) screen does not need to be selected. To deternine which paraneters
are required for a particular scenario (i.e., conbination of MJILTI MED

nodul es), refer to the section in the MIULTI MED nodel theory docunentation
(Sal hotra et al., 1990) which describes the nodul e.

The paraneters in the General data group have already been specified on the
General -1 (and General -2) screens. However, if you wish to make changes to
this data group, type <G to select this option

The Undef option on the Edit (BE) screen lists the data groups which contain
undefined paraneters. This option is selected by typing <U>. The data groups
di spl ayed contai n undefi ned paraneters which will need to be defined before
the input sequence is conplete for use in MILTIMED. To return to the Edit
screen, press the <F2> function key.

The other data group options on the Edit (BE) screen can be selected by typing
enough characters to nmake the selection unique. For exanple, there are two
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options which begin with "A", so if you wish to select the AQuifer data group,
you nust type <AQ@. Selection of a data group will be followed by a screen
which is specific to that data group, and contains a list of parameters or

par anet er groups which are contained in that data group.

Si x data groups contain paraneters which are used in sinulations of Subtitle D
facilities: General, AQuifer, SQurce, Chem cal, Funsat and Tunsat. The
General data group has al ready been discussed. The data group-specific
screens for each of the other groups are shown in t hrough
Each of these screens contains a Return (to Edit screen) option, and an option
to list Undefined paraneters within the data group. Undefined paranmeters are

those which do not have a data value assigned to them They are designated by
a -999 in the input file.

The rest of the options shown in the data-group specific screens are either 1)
par anet er nanmes or 2) sub-data groups which contain additional paraneters.

For exanple, selection of the Type option on the AQuifer screen (Figure 4.8
i ed.

will be followed directly by a screen where a paraneter value is speci
In this case, the Type of source for the saturated zone nodel is specified.
However, selection of the Depth option on the AQuifer screen will be foll owed

by anot her screen which contains several paraneters related to the size and
particle characteristics of the aquifer: PArticle dianeter, POrosity of
aquifer, Bulk density, Depth of aquifer and M xing zone depth. You will need
to select one of these options to specify actual values for the paraneters.
Any of the options may be selected by typing enough characters to nake the
sel ecti on uni que.

The specification of a paranmeter value is simlar for all of the paraneters in
the data groups. Therefore, specification of the aquifer porosity will be
used as an exanple. The other paraneters can be specified in a sinmlar
manner .

From Tabl e 5-8, it can be deternmined that the aquifer porosity is part of the
Depth and Particle Characteristics sub-data group which is part of the AQuifer
data group. Therefore, the AQuifer option should be selected fromthe Edit

(BE) screen by typing <AQ@. PREVMED will now display the AQuifer (BEAg) screen
as shown in This screen contains five sub-data groups: the Depth,
Type, Hydraulic, sc and Tinmes data groups. The aquifer porosity is included

in the Depth (and particle characteristics of the aquifer) sub-data group.
Sel ect this option by typing <D>.

The Depth (BEAgD) screen will now be displayed. |Figure 4.13 shows this screen

which contains five paraneters for which values may be specified: the
PArticle, POrosity, Bulk, Depth, and Mxing. Select the POrosity option on
the Depth (BEAqD) screen by typing <PC>. The screens which follow this
selection will differ for the Determ nistic and Monte Carlo sinulations. Both
types of sinulations are discussed bel ow.

Determ nistic sinulation:

Sone of the paraneters in MILTIMED may be derived from ot her
paraneters instead of being specified directly by the user. The
aqui fer porosity is one of these parameters which can be derived.
Therefore, the Depth screen is followed by the POrosity (BEAgDPO)
screen, shown in whi ch provides two options: 1) Derive
the aquifer porosity value fromother parameters in MILTI MED or 2)
Specify the value of the aquifer porosity. |If the Derive option is
sel ected, PREMED will return to the Depth (BEAgQD) screen. However,
if the Specify option is chosen, the preprocessor will display the
screen shown in The val ue of the aquifer porosity
shoul d be entered on this screen. After the porosity has been
specified, press <F2> to return to the Size screen.

26



Monte Carlo sinulation

The screens which will be displayed for a Monte Carlo sinulation are
identical to those for a deternministic sinulation until the value for
a specific paraneter is to be input. In a Mnte Carlo sinulation

the probability density distribution for each parameter required by
MULTI MED nmust be specified.

In the exanpl e discussed above, when the POrosity option is selected
fromthe Depth (BEAqQD) screen, the screen which follows is shown in
Figure 4.16 The probability density distribution for the POrosity
is specified on this screen. It is very inportant that the

di stribution selected adequately reflects the actual probability
density distribution for the paraneter. A discussion of probability
density distributions is included in the MILTI MED nodel theory
docunentation (Sal hotra et al., 1990).

Each of the distributions requires that sone characteristics of the
di stribution be specified. For exanple, if a LOGNormal distribution
is selected for the POrosity, the m nimum and maxi num val ues, the
mean and the standard deviation are required, as shown in
4.17 The requirenents for the different distributions are discussed
in Section 9 of the MIULTI MED npdel theory docunentation (Salhotra et
al ., 1990).

Eventual ly, you will wish to exit the preprocessor. |If you do not wish to
save any of the changes you have nade to the input file, you may sinply type
<Ctrl-C> at any point and the programwill be term nated. However, if you
woul d Iike to save your changes you will need to exit the programin the
fol |l owi ng manner:
1. Sel ect the Return option fromthe screen nenus until you return to
the Edit (BE) screen.
2. Select the Return (to Build screen) option fromthe Edit screen
3. I f undefined parameters exist, the Return (BER) screen will be
di spl ayed as shown in Figure 4.18. This screen lists the data groups
whi ch contain undefined paraneters. At this point, you may either 1)
Return to the Edit screen and specify the renai ni ng undefi ned
paranmeters or 2) Return to the Build screen and ignore these
undefi ned paraneters.
4. Fromthe Build/ Mddify screen (Figure 4.2), select the Save option by
typi ng <S>
5. The Save (BS) screen will now be displayed as shown in Figure 4.19.
The nane of the input file for use in MILTI MED shoul d be specified on
this screen. Note that you should use a nane which is conpatible
with your conputer system For exanple, the DOS operating system on
an IBMPCwll allowat nobst 8 characters in the main filenane and 3
characters in the extension on the filenane. Oher operating systens
may have different restrictions. Press <F2>to return to the
Bui | d/ Modi fy screen.
6. To exit the program select the Return (to Opening screen) option
fromthe Buil d/ Mdify screen by typing <R>.
7. The execution of MILTI MED nust be done fromthe operating system of

your conputer. Therefore, select the Return (to operating system
option fromthe Opening screen
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4.1.2 The PREMED Tutorials

Two tutorials are included with the preprocessor. These tutorials are
intended to fanmiliarize a user with the options and utilization of PREMED. It
is strongly recommended that an inexperienced user take advantage of the
tutorials provided with MILTI MED. Conpletion of these tutorials creates
conplete input files for use in MJILTI MED

The tutorials are specific to the application of MIUTIMED to Subtitle D
facilities. One tutorial generates an input file for deterministic, steady-
state simulation of flow and transport in the unsaturated zone, and transport
in the saturated zone. The second tutorial is sinmlar to the first tutoria
except that it is runin a Mnte Carlo framework. The input generated by the
Determi nistic tutorial, and the correspondi ng MILTI MED out put, are discussed
in Section 7.2. |Input and output for the Monte Carlo tutorial are presented
in Section 7.3.

To utilize either of these tutorials, you nmust first begin the preprocessor
program by typi ng <PREMED> (do not type the brackets) fromthe DOS operating
system After a few seconds, the Opening screen for the preprocessor will
appear. To activate the tutorials you nust type either <@ETER LOG> for the
Determ nistic tutorial, or <@/MONTE. LOG for the Monte Carlo tutori al

The tutorial will be presented in a small box on the right hand side of the
screen. An example of a tutorial screen is shown in |[Figure 4.20 Directions

for conpleting the tutorial will appear in this box. 1In the tutorial, you
will edit a pre-existing input file which is alnmst conplete. This input file
has been specially designed to contain a snmall number of paranmeters which
still need values. These are called "undefined" parameters, and will need to
be supplied to the preprocessor in order to conplete the input file. The
tutorial will provide instructions so that you can conplete the file. |In the
process, many of the options in the preprocessor will be denonstrated.
Successful completion of the tutorials will generate the conpleted input

sequence shown in Tables 7-4 and 7-7. These input sequences can then be used
to run MILTI MED and generate the output in Tables 7-5 and 7-8. CQutput from
the Monte Carlo tutorial, can be used with the postprocessor, POSTMED

4.2 - THE POSTPROCESSOR ( POSTMED)

The postprocessor can be used to generate plots to show the results of Monte
Carl o anal yses or concentration versus tine. These plots are generated from
the main output file and "SAT1. OUT" which are generated by MJLTI MED duri ng
execution. For conparison of different sinmulations, POSTMED allows up to
three different data files to be plotted on the same graph. CQutput from
POSTMED may be witten to the screen, to a printer, to a plotter, or to a file
in text form

4.2.1 Use of the Postprocessor

Bef ore using the postprocessor, read the section on installation and execution
of MJLTI MED (Section 2).
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In order to use POSTMED, you nust copy the appropriate MJTI MED out put file
into the directory which contains the postprocessor. For Monte Carl o Anal yses,
the MULTI MED output file "SAT1. OUT" is used, which is generated automatically
during execution of MIULTIMED. Note that the "SAT1. OQUT" file will be
overwitten each tinme the nodel is run. Therefore, if you wish to save this
file for use with the postprocessor, you should rename it. This is
particularly inportant if you want to plot the results fromnore than one
simul ati on on the sane graph; the "SAT1. QUT" files for each sinulation nust be
given a different nane. For Concentration versus Tine plots, the file which
shoul d be copied into the POSTMED directory is the main output file. POSTMED
will select the informati on necessary for generating Concentration versus Tine
plots fromthis file.

To execute the postprocessor, nove to the directory which contains the

post processor and type <POSTMED> (do not type the brackets). After a nonent
the Opening screen will appear, as shown in. Use the Data option
of the Opening screen to provide the postprocessor wth infornation about
MULTI MED data files which you wish to plot. Type a <D> (do not type the
brackets) to select this option

POSTMED wi I | now display the Data-1 (D) screen. The nunber of Miltinedia
Model runs which you wish to plot should be entered on this screen. The valid
val ues which may be entered on this screen can be seen by pressing the <F5>
key. The limts for the paraneter will then be displayed in the center

assi stance wi ndow, as shown in|Figure 4.22. As you can see, a mninumof 1
and a maxi nrum of 3 runs may be plotted on a single graph

After entering a value on Data-1 (D) screen, select the "Next" option by
pressing <F2> to go to the next screen. The Data-2 (D) screen will now be

di spl ayed (). This screen is used to enter the name of the file(s)
whi ch contain MJ \ results to be plotted. This screen will appear once

for each run. After entering the nane of the file, press <F2>to go to the
next screen.

After entering the last file, the postprocessor returns to the Opening screen
Type <S> to describe the specifications of the plot. POSTMED will now displ ay

the Specs (S) screen as shown in|Figure 4.24. Several options are avail able

on this screen.

1. The Graphics device nust be specified. You nmay send the plot
generated by POSTMED to the screen (DI SPLAY), a printer or a plotter.
If your conputer will not support graphics, it nmay be desirable to

send the plot directly to a printer. Alternatively, the coordinates
used to generate the plot may be sent either to the screen or to a
TEXT file.

2. The X- and Y-axis types nust be specified. Either arithmetic or
| ogarithmc scales nay be used. Note that |ogarithmc scales can not
be used with FREQUENCY plots. If a logarithnmc scale is selected,
the nunber of logarithnic cycles for each axis nust be specified.

3. The location of the I egend on the plot nust be specified. The
options are: UL (upper left), LL (lower left) , UR (upper right), LR
(lower left).

4, You nust specify the type of plot you wish to create. Three choices
are allowed: a cunul ative frequency plot (CUMJILATIVE), a frequency
pl ot ( FREQUENCY) or a concentration versus tinme plot (TIME). The
FREQUENCY pl ot provides information about the nunber of tines a
particul ar concentration was obtai ned, which is displayed in
hi stogram format. Sel ection of the CUMULATI VE option will generate a
pl ot showi ng the cunul ati ve frequency of concentration values. The
TIME option plots concentration versus tine for transient runs.
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5. The Y m nimum and Y nmaxi nrum (in percent) of the plot should be
speci fied. The m ninum val ue nust be | ess than the maxi mum

To nove between options, press <carriage return>  To select an option, type
enough characters to make the selection unique. For exanple, the G aphics
device options (|[Figure 4.24) are: DI SPLAY, PRINTER, PLOTTER, TEXT, SCREEN. |[f
you wi sh to select DI SPLAY, you may type only <D>. However, if you want to
send your results to a printer, you nust type two characters, <PR> since
there are two options beginning with "P". Once you have sel ected the desired
options on the Specs (S) screen, press <F2> to return to the Opening screen.

Titles for the Graph, the x- and y-axis, and the different runs can be entered
on the Titles (T) screen. Fromthe Opening screen, type <T> for this
selection. This screen is shown in Any character string may be
used as a title. Use the <carriage return> to nove between options. Press
<F2> to return to the Opening screen.

Now you are ready to generate a plot. |If you wish to make any changes to the
any of the screens, type the first letter of the menu itemto select the
option, make the necessary changes, and return to the Opening screen hy
pressing <F2>. Oherw se, type <P> to generate the plot. The plot will then
be sent to the Graphics device that you specified on the Specs (S) screen. A
curmul ative frequency plot showing the results of the sinmulation of an exanple
problemis presented in Figure 4.26. The corresponding frequency plot is
shown in Figure 4.27. shows the first screen of the text file
generated by selecting the SCREEN option for the sane exanple problem

Sel ection of the TEXT option will send the sanme file to a specified file.

Now, you may either repeat the process descri bed above and generate additional
plots, or type <R> to return to the operating system
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Figure 4.26
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Figure 4.27
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SECTI ON 5

MODEL APPLI CATI ON

The | arge nunber of interrelated physical, chem cal and bi ol ogi cal processes
involved in the migration of |eachates fromwaste di sposal facilities nmakes
the prediction of groundwater contam nation fromthese facilities a conplex
task. Mathematical nodels are useful tools which provide insight into the
effects on groundwater quality of facility design, operation and failure.

Al nodels are sinplified representations of the real system no nmodel will
ever reproduce the exact characteristics of a site. Therefore, nmodel results
shoul d al ways be interpreted as estimates of groundwater flow and contam nant
transport, and not as exact predictions. Bond and Hwang (1988) reconmend t hat
nodel s be used for conparing various cases or scenarios, since all cases are
subject to the sane linitations and sinplifications. Furthernore, nodels are
useful for sensitivity analysis, determ ning the effects of varying one
paranmeter on the nodel results. It is inportant to understand the linitations
of mat hematical nodels, and to use themcorrectly in evaluation of actua

envi ronnent al conditions.

Several recent reports present detailed discussions of the issues related to
nodel sel ection, application, and validation. Donigian and Rao (1988) address

each of these issues. |Issues related to nodel selection and application are
addressed in detail by Boutwell et al. (1986). Waver et al. (1989) discuss
the selection and field validation of nathematical nodels. |In addition, a

report by the National Research Council (1990) discusses nmodel application and
val i dation and provi des recommendati ons for the proper use of groundwater
nodel s. Mbdel users, particularly those who are relatively inexperienced, are
encouraged to read these and simlar reports before beginning a nodeling

st udy.

The validity of the results from mathenatical npdels depends to a | arge extent
on the proper application of the nodel. The application of a nodel to a

| eachate m gration problemrequires several steps. First, the nodeling needs
and the objectives of the study should be determ ned. Next, data should be
coll ected for characterization of the hydrol ogical, geological, chenical and
bi ol ogi cal conditions present in the system These data should assist in the
devel opnent of the "scenario" to be nodel ed, which provides the franmework for
the conceptual nodel of the system The conceptual nmpdel and data are used to
verify that the selected nodel is appropriate. During nodel application
results should be calibrated to obtain the best fit to observed data.

Finally, these results should be validated by conparing themto independently-
derived data or observations.
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In order to apply a nodel to a specific site, it is necessary to describe the
"scenario" to be represented by the nbdel. A scenario is essentially a
description of all the inportant processes and characteristics of a particular
site. Although it may be possible to describe the "average" characteristics
of a Subtitle D landfill or surface inmpoundrment, it would be dangerous to
assune that this description adequately describes all such facilities. Each
site is unique, and nust be characterized separately. This section describes
some of the issues which should be considered when devel opi ng a scenario and
using MILTIMED to represent the conceptual nodel of the site.

One of the nobst severe limtations to nodeling is insufficient data.
Uncertainty in nodel predictions results fromour inability to characterize a
site in terns of the boundary conditions or the key paranmeters describing the
i mportant flow and transport processes (National Research Council, 1990). The
results of MULTIMED are highly dependent on the quantity and quality of the
avail abl e data. The application of MIUTIMED to a site requires the collection
of a |arge amount of data, and the process of applying MIULTIMED to a scenario
may reveal data deficiencies which require additional data collection

Based on the avail able data and the judgenent of the nodel er, values of the
required paraneters should be determ ned. Paraneter val ues which nust be
deternmined for Subtitle D applications are discussed in Section 5.3. Section
6 of this manual provides guidance for estimtion of paraneters for use in
MULTI MED. | nexperienced nodelers may attenpt to apply the nmobdel when the | ack
of site-specific data causes the nodel results to be highly speculative. It
nmust be enphasi zed that a mathemati cal nodel should never be used as a
substitute for data in site-specific applications.

As stated above, the conceptual npdel and data should be used to deterni ne
whet her or not a mathemmtical nodel is appropriate for representing the
subsurface system and which options in the nodel should be utilized. The
nodel shoul d

. Al l ow t he objectives of the study to be achieved

. Adequately sinulate the significant processes present in the actua
system

. Be consistent with the conplexity of the study area

. Be appropriate for the amount of avail able data

Sone of the factors which should be considered before applying MILTIMED to a
particular site are summarized in Table 5-1. This list is not exhaustive, and
is meant only to provide guidance. The factors in Table 5-1 are addressed in
terms of MIULTIMED s capabilities and linitations in the followi ng section

5.1 MJILTI MED CAPABI LI TI ES AND LI M TATI ONS

5.1.1 Solution Techni ques

MULTI MED utilizes analytical and sem -anal ytical solution techniques to solve
t he mat hemati cal equations describing flow and transport. These solution
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TABLE 5-1. | SSUES TO BE CONSI DERED BEFORE APPLYI NG MJLTI MED
A4444444444444444444444444444448444444444444444444444444444444444444444444444

bj ectives of the Study

Is a "screening | evel" approach appropriate?

I's nodeling a "worst-case scenario" acceptabl e?

Significant Processes Affecting Contam nant Transport

Accuracy

Does MULTI MED sinulate all the significant processes occurring
at the site?

I's the contami nant soluble in water and of the sanme density
as water?

and Availability of the Data

Have sufficient data been collected to obtain reliable results?
VWhat is the level of uncertainty associated with the data?
Wuld a Monte Carlo sinulation be useful? If so, are the

cunul ative probability distributions for the paraneters with
uncertain val ues known?

Conplexity of the Hydrogeologic System

Are the hydrogeol ogi c properties of the system unifornf
Is the flow in the aquifer uniform and steady?
Is the site geonetry regul ar?

Does the source boundary condition require a transient
or steady-state solution?

23333333333131333333333333313333333333333113333333333313131333333131301))))))))
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t echni ques have advantages and di sadvantages over fully nunerical nodels.

Anal ytical solutions are conputationally nore efficient than numerica
simul ati ons and are nore conducive to uncertainty analysis (i.e. Mnte Carlo
techniques). Typically, input data for analytical nodels are sinple and they
do not require detailed famliarity with the code or extensive nodeling
experience. Analytical solutions are typically the nost efficient alternative
when data necessary for the characterization of the systemare sparse
(Javandel et al., 1984). The linited data available in nost field situations
may not justify the use of a detailed nunerical nodel; in sonme cases, results
fromsinple anal ytical nodels may be just as neani ngful (Huyakorn et al.
1986) .

However, anal ytical nodels require sinplifying assunptions about the system
whi ch are not necessary for nunerical nmodels. These sinplifications result in
nodel s which include relatively few processes and a |inmted nunber of
paranmeters which are often required to be constant in space and tinme (van der
Heijde and Beljin, 1988). MILTIMED is no exception; the representation of the
system sinmul ated by the nodel is sinple, and little or no spatial or tenporal
variability is allowed for the paraneters in the system

Bond and Hwang (1988) present guidelines for determ ning whether the
assunption of uniformaquifer properties is justified at a particular site.

In nore conplex systens, it nmay be beneficial to use MIULTIMED as a "screening
| evel " nodel which would allow a user to obtain an understandi ng of the
system A nunerical nodel could then be used if there are sufficient data and
necessity to justify the use of a nmore conpl ex nodel

A highly conpl ex hydrogeol ogi cal system cannot be accurately represented with
MULTI MED. Het erogeneous or ani sotropic aquifer properties, nmultiple aquifers
and conplicated boundary conditions cannot be sinulated using this nodel.
MULTI MED cannot sinul ate processes, such as flow in fractures and chenica
reacti ons between contani nants, which can have a significant effect on the
concentration of contam nants at a site. Since each site is unique, it nust
be left to the nodeler to deternmine which conditions and processes are

i mportant at a specific site, and to deternine the suitability of applying
MULTI MED.

5.1.2 Spatial Characteristics of the System

Al t hough actual |andfills and groundwater systems are three-dinmensional, it is
comon to reduce the nunber of dinmensions sinulated in a mathematical nodel to
one or two. Two and three-di mensional npdels are generally nore conpl ex and
conput ati onal | y expensi ve than one-di nensi onal nodels, and therefore require
nore data. |In sone instances, a one-dinensional nodel nay adequately
represent the system Furthernore, the avail able data nay not warrant the use
of a nultidimensional nodel.

However, nodeling a truly three-dinensional system using a one-di mensiona
nodel may produce inaccurate results. Three-dinensional effects are often
very significant in describing processes such as contani nant plunme mnigration
The choi ce of the nunber of dinensions in the nodel should be made for a
specific site, based on the conditions present at that site. The information
which is desired fromthe nodel output should al so be considered.

MULTI MED has the follow ng spatial characteristics:
. The Unsaturated Fl ow Modul e sinul ates vertical, one-dinmensional flow
. The Unsaturated Transport Mdul e sinulates vertical, one-dinensiona

transport. Dispersion is only considered in the |ongitudina
(vertical) direction.
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. The Saturated Transport Mdul e assunes one-di mensi onal, horizontal
flow. However, three-dinensional dispersion my be simnulated since
the effects of lateral or vertical dispersion nmay significantly
af fect the nodel results.

These spatial assunptions should be considered when applying MILTIMED to a
site. The assunption of flowonly in the vertical direction my be valid for
facilities which receive uniformareal recharge. The assunption may not be
valid in facilities where surface soils (covers or daily backfill) or surface
slopes result in an increase of runoff in certain areas of the facility and
pondi ng of precipitation in others (Kirkhamet al., 1986).

The sinulation of one-dinmensional, horizontal flow in the saturated zone
requires several assunptions. The saturated zone is treated as a single,

hori zontal aquifer with uniformproperties. The effects of punping or

di scharging wells on the groundwater flow system cannot be considered. These
assunptions should be consi dered when applying MILTIMED to a site.

5.1.3 Steady-State versus Transient Flow and Transport

The MULTI MED nodel assumes steady-state flowin all applications. Sone
groundwat er fl ow systems are in an approxi mate "steady-state", in which the
water entering the flow systemis balanced by the water |eaving the system
There is no significant tenporal variation in the system The assunption of
steady-state conditions in a nmodel generally sinplifies the mathematica
equati ons used to describe processes, and reduces the amount of input data,
since no information about tenporal variability is necessary.

However, assuning steady-state conditions in a systemwhich exhibits transient
behavi or may produce inaccurate results. For exanple, climatic variables,
such as precipitation vary in tinme and nmay have strong seasonal conponents.

In such areas, the assunption of constant recharge of the groundwater system
is incorrect. |In general, this assunption will cause underestinmation of
cont am nant concentrations in the subsurface, since steady-state nodels can
not simulate the effects of individual stornms, which can provide a substantia
driving force for contani nant transport.

MULTI MED can sinmul ate either steady-state or transient transport conditions.
The assunption of steady-state transport requires that the contam nant source
has a sufficiently |large mass to ensure that the downgradi ent concentration,
once reached, will be maintained (Miul key et al., 1989). It nust be assuned
that the source is continuous and constant. |f these assunmptions can not be
made at a particular site, inaccurate results will be produced by a steady-
state transport nodel. Steady-state nodels are al so i nappropriate when the
simul ati on includes chem cals which sorb or transformsignificantly (Ml key et
al., 1989). Note that although the steady-state nbpdel can be very
conservative, this nmay be appropriate for sone applications. The choice of
simul ati ng steady-state or transient conditions should be made based the

obj ectives of the study and on the degree of tenporal variability in the
system
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5.1.4 Monte Carlo versus Determnistic Sinmulations

MULTI MED nmay be run in either a deternmnistic or a Monte Carlo framework. In
a determnistic simulation, exactly one nodel result is determined for a given
set of input values. Al of the input variables are assuned to have a fixed
mat hematical relationship with each other, which conpletely define the system
Monte Carl o sinulations, however, consider the intrinsic randomess and
uncertainties inherent in the system The Monte Carlo nethod provides a neans
of estimating the uncertainty in the results of a nodel, if the uncertainty of
the input variables is known or can be estimted. For each of the uncertain
vari ables, a cumul ative probability distribution nust be deternmi ned. The

Mont e-Carl o techni que involves running a nodel a |arge number of tinmes with

di fferent values of input paranmeters, which are deternined fromprobability

di stributions, and then anal yzing the results. The Monte Carlo option is

di scussed in Section 9 of the MJULTI MED nodel theory documentation (Sal hotra et
al ., 1990).

There are many sources of uncertainty in the prediction of |eachate migration
in the subsurface. Uncertainties nay be due to neasurenent error in

par amet ers which describe the physical and chenical properties of the system
the presence of spatial and tenporal variability in the paranmeters, or

i nconpl etely understood processes which are sinmulated by the mathematica
nodel . There may be sone uncertainty associated with extrapol ating data from
one set of conditions to a different set of conditions. Therefore, it may be
nore appropriate to express these uncertain input parameters in terms of a
probability distribution rather than a single deternministic value and to use
an uncertainty propagation nodel to assess the effect of the variability on

t he nodel output (Sal hotra and M neart, 1988).

The specified uncertainty in the input paraneters for MILTIMED is highly site-
specific. Available data for nany sites are scarce and even sites which are
very well-characterized may exhibit a substantial anpunt of variability in
nmeasured paraneter values. Mst of the paraneters in the MILTI MED nodel nay
be assigned a Monte Carlo distribution. It nmust be left to the user of the
MULTI MED nodel to determ ne which input paraneter values are uncertain at a
particul ar site.

Al t hough the Monte-Carlo nmethod can be a useful tool for quantitatively

eval uating uncertainty in a nodel, it is not without problens. One difficulty
is related to determ ning the cumul ative probability distribution for a given
paranmeter. These distributions nmust be deternined froma |arge amount of

data, which may not be available. Assuning a paranmeter probability

di stribution when the distribution is unknown does not hel p reduce
uncertainty, as the certainty of the output is then a function of the assumed
certainty of the input paraneter (U.S. EPA, 1988). Furthernmore, in order to
obtain a valid estimate of the uncertainty in the output, the nodel nust be
run numerous tinmes (typically at |east several hundred times) which can be
conput ati onal |y expensive. These issues should be considered before utilizing
the Monte-Carl o technique.
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5.1.5 Boundary conditions

The source boundary condition for MILTIMED relates to the introduction of the
contam nant to the aquifer system MILTIMED is linmted to relatively sinple
representations of the source of groundwater contanination. Only two types of
source geonetries can be sinulated by MITI MED: a patch source or Gaussian

di stributed source. Tenporally, these source geonetries nay be described as
either: 1) continuous 2) exponentially decaying or 3) a non-decaying pul se of
finite duration. These types of sources are discussed in Section 5 of the
MULTI MED nodel theory docunentation (Sal hotra et al., 1990).

5.2 SUBTI TLE D APPLI CATI ONS OF MJLTI MED

5.2.1 Summary of EPA Requirenents for MILTIMED Sinul ati ons of Leachate
Mgration from Subtitle D Facilities

The U.S. EPA has devel oped several restrictions for Subtitle D applications of
MULTI MED. These restrictions were made in an effort to develop a conservative
approach for sinulating | eachate mgration fromSubtitle D facilities.

. Only the Saturated and/or Unsaturated Mdul es may be active in
Subtitle D applications, because the Surface Water, Landfill and Air
Modul es have not been sufficiently tested at this tine.

. Al t hough MJLTI MED can sinul ate either steady-state or transient
transport conditions, only steady-state transport simulations are
allowed for Subtitle D applications. No decay of the source termis
al  owed; the concentration of contami nants entering the aquifer
system must be constant in time. The contaninant pulse is assumed
conti nuous and constant for the duration of the sinulation.

. The receptor nmust be located directly downgradient of the facility,
so that it intercepts the center of the contam nant plunme. In
addi ti on, the contanminant concentration nust be calculated at the top
of aquifer. Therefore, the angle fromthe plune centerline to the
receptor and the vertical distance to the receptor nust be specified
as zero in Subtitle D applications.

. Only the Gaussi an source geonetry is allowed in SubtithppDications.

The application of MILTIMED to Subtitle D facilities sinmulates the transport
of contaminants fromthe source, through the saturated and/or unsaturated
zones by groundwater, and to a receptor (i.e. a well). Although the Landfil
Modul e in MULTI MED can not be used at present because it has not been
sufficiently tested, MILTIMED can be used in conjunction with another source
nodel , such as HELP (Schroeder et al., 1984), to devel op and conpare the
effects of different facility designs on groundwater quality. MJILTIMED

conmbi ned with a source nodel could be used to denpnstrate that either the

landfill design, or the specific hydrogeol ogic conditions present at the site
will prevent the migration of significant quantities of |eachate fromthe
landfill. Furthernore, MJLTIMED could be used to predict the results of
different types of "failure" of the landfill. |If |leachate mgration into the

groundwat er bel ow a waste di sposal facility occurs, MJILTIMED could be usefu
in predicting the fate and transport of the contaminants in the subsurface.

5.2.2 Active Modul es

Fl ow and transport in the subsurface typically occurs through the unsaturated
zone, to the water table and into the saturated zone. However, in some

i nstances, the water table may be | ocated just bel ow the waste di sposa
facility, so that only saturated flow and transport away fromthe facility
need to be considered. Therefore, two basic sinulation options are all owed
for Subtitle D applications of MITIMED: 1) flow and transport in the
unsaturated zone coupled with transport in the saturated zone or 2) saturated
transport only. The sinulation of the system should accurately represent the
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noi sture conditions present at the site.

Simul ation of these options in MULTIMED requires that the Saturated Zone
Modul e, and, if the water table is | ocated at a significant depth bel ow the
waste disposal facility, the Unsaturated Flow and Transport Modul es, be
active. Use of the Saturated Zone Modul e requires four data groups: the
General, Chemical, Source, and Saturated Zone Data G oups. |f the Unsaturated
Fl ow and Transport Mdul es are active, two additional data groups nust be
used: the Unsaturated Flow and Transport Data Groups. The paraneters required
in each of these data groups are discussed in Section 5.3.2.

5.2.3 Boundary conditions

Al t hough MJLTI MED can sinulate two source geonetries, only the Gaussian

di stributed source is allowed in Subtitle D applications. Tenporal variation
in the source term boundary conditions in MILTIMED are not all owed for
Subtitle D applications, which nust be run in steady-state. Therefore,

al t hough constant pul se and exponential decay boundary conditions are all owed
for generic applications of MITIMED, only a constant source is allowed in
Subtitle D applications.

5.2.4 Procedure for Application of MIUTIMED to Subtitle D Facility Design

MULTI MED can be used to assist in the design of Subtitle D landfills (Figure
5.1). As the flowchart shows, the role of MITIMED in the design process is
to evaluate the ability of a particular design to insure that groundwater
concentrations of chem cals expected to exist in Subtitle D landfills do not
exceed health based thresholds. A step-wi se procedure for determning the

m ni mum desi gn necessary to protect groundwater at these |levels and keyed to
the flowchart shown in Figure 5.1 foll ows:

1) Col l ect site-specific hydrogeol ogical data. These data may include

aqui fer particle size, porosity, bulk density, hydraulic conductivity
and gradi ent, groundwater velocity, dispersivities, and thickness.
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Figure 5.1
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2)

3)

4)

5)

6)

Lists and a discussion of the paraneters required for Subtitle D
applications of MIULTIMED are presented in Section 5.3. See Section 6
for guidance in paraneter estination

Based on water |evel neasurenents, deterni ne whether or not the
Unsat ur at ed Zone Modul es shoul d be active in the sinulation. |[|f the
unsaturated zone will be sinulated, collect site-specific data on the
properties of the unsaturated zone.

Det erm ne contam nant which will be sinmulated. The selection of the
contami nant to be sinulated nmay be based on a variety of factors or
it my be prescribed. It may be a chemical which is particularly
persistent in the subsurface environnent, or is present in high
concentrations in the specific Subtitle D facility. Determne

chem cal properties for the selected contani nant (see Section 6).

Propose landfill design and deternmine the infiltration rate at the
site. This can be done using a water bal ance nodel, such as HELP
(Schroeder et al., 1984), which includes representations of

engi neering controls. Note that infiltration rate as used here neans
the volunetric flowrate in neters per year fromthe bottom of the

landfill into the unsaturated zone or aquifer. GCbviously, the
attenuation of this flowis the objective of landfill engineering
controls. For each specific landfill design, there is a resulting

steady-state infiltration rate.

Run MULTI MED using the Subtitle D application type, the

hydr ogeol ogi cal data collected in Step 1, the infiltration rate
deternmined in Step 2, and with the point of conpliance set to the
required location. As discussed above, the Subtitle D application
assunes steady-state conditions and the point of conpliance (PQOC)
nmust be along the plune centerline. You may wi sh to set the input
| eachate concentration to 1.0 ng/l for convenience in |ater

cal cul ations (see step 6).

The EPA-recommended criteria for establishing whether or not a
particul ar design is acceptable is based on the dilution-attenuation
factor (DAF). This nethod is based on the fact that the nodel
estimate of concentration at the point of conpliance is linear with
respect to the input concentration. Therefore, the DAF is the factor
by which the concentration is expected to decrease between the
landfill and the point of conpliance.

Usi ng the concentration predicted by MILTIMED at the point of
conpliance, the dilution-attenuation factor (DAF) for the
landfill/aqui fer system may be cal cul ated using the follow ng
equati on:
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DAF = | eachate concentration / concentration at the POC
or, if the | eachate concentration is 1.0 ng/l in the nodel,

DAF = 1.0 / concentration at the POC

7) If the DAF is equal to or greater than 100, the design is acceptable
(see discussion below). Oherwise, the landfill design nust be made
nore stringent by increasing the nunber or effectiveness of
engi neering controls so that the infiltration rate is reduced. To
eval uate the new design, repeat Steps 2-5. Continue until an
acceptabl e design is reached (DAF is equal to or greater than 100).

The threshol d DAF of 100 is used to define an acceptabl e desi gn because the
maxi mum al | owabl e | eachate concentrati on of chem cals expected to exist in a
Subtitle DIlandfill is 100 tines the Maxi mum Contami nant Level (MCL) for each
chemical (U S. EPA, 1990). This approach to deternining the expected
concentration of constituents in |eachate froma Subtitle D Ilandfill is
attractive because of its consistency with other regulations and its generic
nature. |If site-specific conditions pernit the use of other approaches which
are acceptable to an approved state, these may be used.

5.3 MJILTI MED | NPUT REQUI REMENTS

As di scussed above, the MJLTI MED code consists of seven npdul es which are
described in Salhotra et al. (1990). Only three of the nodul es can be used
for Subtitle D applications of the npdel: the Saturated Zone Transport Modul e,
the Unsaturated Zone Fl ow Modul e, and the Unsaturated Zone Transport Modul e.
The Saturated Zone Transport Mdule is required for all Subtitle D
applications and can be applied independently of the Unsaturated Zone Mbdul es.
Dependi ng on site-specific conditions, the Unsaturated Zone Mdul es may or nay
not be needed. Note that the two Unsaturated Zone Mdul es nmust be used in
conjunction with each other and with the Saturated Zone Modul e.

The operation of each nodule requires specific input, which is organized into
data groups. The General Data Group, which is required for all sinmulations,
contains flags and data which describe the scenario being nodel ed. The input
paraneters needed for the Saturated Zone Transport Mdule are found in three
additional data groups: the Chenical Data G oup, the Source Data G oup, and
the Aquifer Data Group. Use of the Unsaturated Zone Mdul es requires input
found in the sane data groups, as well as two others: the Unsaturated Zone

Fl ow Data Group and the Unsaturated Zone Transport Data Group.

In this section, paraneter requirenents are discussed in two stages. Section
5.3.1 introduces the input paraneters required by each of the three nodul es
whi ch can be active in Subtitle D applications. |In Section 5.3.2, the
paraneters in each data group are presented and the options avail able for
specifying their values in the code are summarized. Help in estimating these
paraneters is provided in Section 6.

5.3.1 Paraneter Requirenents Sunmmari zed by ©Mbdul e

5.3.1.1 The Saturated Zone Transport Mbdul e--

The primary input paraneters required to conpute a contam nant concentration
in the saturated zone for Subtitle D applications are shown in Table 5-2
organi zed according to the data group in which they are found. A nunber of
the paranmeters listed in Table 5-2 can be derived using other variables and a
set of enpirical, senmi-enpirical, or exact relationships. Note that sonme of
the paranmeters used to derive the primary paraneters can al so be derived.
Tabl e 5-3 indicates which paraneters can be derived and lists the additiona
vari abl es needed. The nethods used to derive the paranmeters are described in
Section 6 of this document or in Section 5.5 of Salhotra et al. (1990). Note
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that both particle dianeter and porosity can not be simultaneously derived,
since one is derived fromthe other.

5.3.1.2 The Unsaturated Zone Fl ow Modul e--

The input paraneters required to conpute flow in the unsaturated zone are
shown in Table 5-4. Note that only one input variable in the Source Data
Group is needed. The renmnining variables are all |located in the Unsaturated
Zone Flow Data Group. None of these paraneters can be derived.

5.3.1.3 The Unsaturated Zone Transport Modul e--

Table 5-5 lists the paraneters used to conpute contam nant transport in the
unsaturated zone. The variables are located in five different data groups.
Note that an overall chemical decay coefficient and distribution coefficient
for the unsaturated zone can not be entered directly, as they can in the
saturated zone nodule. Rather, they are calculated in the code using nethods
described in Section 5.5.2.1 of Sal hotra et al. (1990). O the paranmeters
shown in Table 5-5, only the |longitudinal dispersivity can be derived.

5.3.2 Paranmeter Requirenents Summarized by Data G oup

This section is witten with the assunption that the nodeler will use the
preprocessor, PREMED, to create and nmodify input files for Subtitle D
applications (see Section 4). Thus, the organization of the information in
this section is conpatible with that of the preprocessor. The paraneters are
listed in tables according to data group. Further, the paraneters listed in
each of the data group tables are organi zed according to the preprocessor
screen in which they can be found. Advanced users, who choose to nodify input
files directly without the use of the preprocessor, will notice that there is
some di screpancy between the organization of data in the preprocessor (and
this section) and the structure of the input file, which is discussed in
Appendi x A.

5.3.2.1 Ceneral Data G oup--

The General Data Group screens of the preprocessor contain flags which allow
the user to specify the run options and active nodules for the input file.
The choices made in this data group deterni ne which paraneters nust be
specified in

the rest of the input. Therefore, the General Data Group shoul d al ways be
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TABLE 5- 2.

A444444444444444444444444444444444444444444444444444444444444444444444444444

FOR SUBTI TLE D APPLI CATI ONS OF MJLTI MED

PRI MARY PARAMETERS USED | N THE SATURATED ZONE TRANSPORT MODULE

Par aneters Units
Source Data Group Paraneters
Area of the land disposal facility [ n?]
Leachate concentration at the waste facility [mg/l, g/n?
Recharge rate into the plune [mMyr]
Infiltration rate fromthe facility [mMyr]
Standard deviation (i.e., spread) of the
source [m
Aquifer Data G oup Paraneters
Type of source geonetry (only Gaussian all owed)
Porosity [cc/cc]
Thi ckness of the aquifer [m
Thi ckness of source (i.e., mxing zone depth) [m
Seepage velocity [mMyr]
Di spersivities (longitudinal, transverse,
vertical) [m
Ret ardati on coefficient
[ di mensi onl ess]
Radi al distance fromthe site to the receptor [m
Chemi cal Data G oup Paraneters
Ef fective first-order decay coefficient [1/yr]
Di stribution coefficient [cc/q]
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TABLE 5-3. PARAMETERS USED TO DERI VE OTHER SATURATED ZONE TRANSPORT
MODULE PARAMETERS NEEDED | N SUBTI TLE D APPLI CATI ONS OF MULTI MED

A44444444444444444444444444444444444444444444444444444444444444444444444444444

Par aneters Units
Overall Chem cal Decay Coefficient
Bi odegradati on rate [1/yr]
Solid phase decay coefficient [1/yr]
Di ssol ved phase decay coefficient [1/yr]
Bul k density [g/cc]
Di stribution coefficient [cc/q]
Porosity [cc/cc]
Solid and Dissol ved Phase Decay Coefficients
Ref erence tenperature [°]
Aqui fer tenperature [°C
Second- order acid-catalysis hydrolysis rate
constant at reference tenperature [ nol e-yr]
Second- or der base-catal ysis hydrolysis rate
constant at reference tenmperature [ o nol e-yr]
Neutral hydrolysis rate constant at reference
tenperat ure [1/7yr]
pH of the aquifer [ pH uni ts]
Ret ar dati on Coeffi ci ent
Bul k density [g/cc]
Di stribution coefficient [cc/q]
Porosity [cc/cc]
Bul k Density
Porosity [cc/cc]
Porosity
Mean particle dianeter of the porous nedium [en
Particle Dianeter
Porosity [cc/cc]
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TABLE 5-3. PARAMETERS USED TO DERI VE OTHER SATURATED ZONE TRANSPORT
MODULE PARAMETERS NEEDED | N SUBTI TLE D APPLI CATI ONS OF
MULTI MED (concl uded)

44444444444444444448444444440444444444444444404444844444444444444444444444444444

Par anet er s Units

Distribution Coefficient

Normal i zed distribution coefficient
for organic carbon, K, [cc/q]
Fractional organic carbon content
[ di mensi onl ess]

Seepage Vel ocity

Hydraul i c gradi ent [m
Hydraul ic conductivity [mMyr]
Porosity [cc/cc]
Hydraulic Conductivity
Porosity [cc/cc]
Mean particle dianeter of the porous nedium [en
Thi ckness of the Source (M xing Zone Depth)
Length of the |and disposal facility [m
Thi ckness of the aquifer [m
Seepage velocity [mMyr]
Porosity [cc/cc]
Infiltration rate through the facility [mMyr]
Vertical dispersivity [m
St andard Devi ation of the Source
Wdth of the |and disposal facility [m
Length and Wdth of the Facility
Area of the land disposal facility [ n?]
Di spersivities
Radi al distance fromthe site to the receptor [m
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TABLE 5-4.

PARAMETERS REQUI RED | N THE UNSATURATED ZONE FLOW MODULE
FOR SUBTI TLE D APPLI CATI ONS OF MJLTI MED

A444444444444444444444444444444444444444444444444444444444444444444444444444

Par anet er Units
Source Data Group Paraneters
Infiltration rate fromthe facility [mMyr]
Unsat urated Zone Data Group Paraneters
Nunber of physical flow | ayers [ di mensi onl ess]
Nunber of porous materials [ di mensi onl ess]
Thi ckness of each |ayer [
Mat eri al associated with each |ayer [ di mensi onl ess]
For each material:
Air entry pressure head ni
Porosity di mensi onl ess]
Sat urat ed hydraulic conductivity cm hr]
Resi dual saturation (water content) di mensi onl ess]
Ei t her:
van Genuchten al pha coefficient 1/ cm
van Genuchten beta coefficient di mensi onl ess]
or
Br ooks and Corey exponent di mensi onl ess]
van Genuchten al pha coefficient 1/ cnm
van Genuchten beta coefficient di mensi onl ess]
Not e The nodel provides the option to use either van Genuchten's or Brooks

and Corey's constitutive relationship for

versus water saturation. However,

relative pernmeability
the rel ati onshi p between pressure

head and water saturation is expressed in ternms of van Genuchten

par anmeters.
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TABLE 5-5. PARAMETERS REQUI RED I N THE UNSATURATED ZONE TRANSPORT MODULE
FOR SUBTI TLE D APPLI CATI ONS OF MJLTI MED
Q4444448444844 4484448484484848844484848844484844848488444848484844484444444848444444444444444

Par anet er s Units

Source Data Group Paraneters

Source concentration at top of unsaturated zone [ mg/ 0]

Unsat ur ated Zone Transport Data Group Paraneters

Control paraneters related to the eval uation
schenmes used in the nodul e

Nunber of |ayers used to sinulate transport [ di mensi onl ess]

For each | ayer:

Thi ckness [m

Longi tudi nal dispersivity [m

Bul k density of the soil [g/cc]

Bi odegradati on rate, [1/yr]

Percent organic matter [ di mensi onl ess]

Unsat ur ated Zone Fl ow Data Group Paraneters

Porosity of the unsaturated zone [cc/cc]

Aqui fer Data G oup Paraneters

Tenmperature of the aquifer? [°]
pH of the aquifer? [ pH uni ts]

Chenical Data G oup Paraneters

Normal i zed distribution coefficient (i.e., K) [cc/q]
Ref erence Tenperature [°]
Acid and base hydrolysis rates at reference
temperature

[ o nol e-yr]

Neutral hydrolysis rate at reference tenperature [1/yr]

% Note: the tenperature and pH used in cal cul ating the unsaturated zone
overal | chenical decay rate are the tenperature and pH specified for the
aqui fer.
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conpleted first. The information which needs to be supplied for all nodel
applications is:

Title--Two lines of text can be entered. The text, which is used to |abel the
i nput and output, can consist of two character strings, each up to 78
characters in |l ength.

Run Option--The default run option is Deterministic. However, the user has
the option of selecting a Monte Carlo run instead. Issues related to the

choi ce between these two options are addressed in Section 5.1.4. 1In addition,
Monte Carlo sinulations are discussed in Section 9 of Salhotra et al. (1990).

Active Mdul es--For Subtitle D applications, the default for active nodules is
Unsat ur at ed Zone/ Sat urated Zone. However, the user can choose that the
Saturated Zone al one be active. The Air, Landfill, and Surface Water Mbdul es
can not be accessed for Subtitle D applications.

Transi ent versus Steady-state--For Subtitle D applications, the user has no
choice for this flag. Sinulations nust be steady-state.

For Monte Carlo sinulations, additional information is required in the Genera
Data Group. The additional information is:

Nunber of Monte Carl o Sinul ations--Typically hundreds to thousands of Monte
Carlo simulations are needed to obtain neaningful results. Section 9.9 of
Sal hotra et al. (1990) provides information on the estimation of this val ue.

Level of Qutput from Monte Carlo Runs--The default for this flag is SOVE,

whi ch neans that the main output file and the STATS. OQUT and SAT1.OUT files are
created (see Section A 2 for a description and listing of the output files).
The two other options available to the user are LOTS, which opens the nmaximum
nunber of output files, and NONE, which opens only the main and STATS. QUT
files. Note that in order to use the postprocessor to create frequency and
cunul ative frequency plots, the file SAT1. QUT is needed and thus, this flag
nmust be set to either LOTS or SOVME. A few of the files created using the LOTS
flag can be very |l arge, depending on the nunmber of Monte Carlo simulations.

On many PC computers, these files can fill all available di sk space and cause
the sinulation to fail. Thus, on PC s the default of SOMVE is recommended.

Confidence Level (in percent) for the Four Estimated Percentiles--In Mnte
Carl o nmode, MULTI MED cal cul ates confidence bounds for the 80th, 85th, 90th,
and 95th percentiles. The confidence bounds are discussed in Section 9.8 of
Sal hotra et al. (1990).

5.3.2.2 Chenmical Data G oup--

The MULTI MED paraneters contained in the Chenical Data Group are shown in
Table 5-6. Note that some of the paraneters are associated with the Surface
Water and Air Modul es of MJLTI MED and thus, are not used for Subtitle D
applications of the nodel. Further, note that five of the parameters (i.e.
the solid phase, liquid phase, and overall decay coefficients, the

di stribution coefficient, and the bi odegradati on coefficient) are used only in
the Saturated Zone Mbdule. Oher paraneters may be used by nore than one
nodel nodul e.
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TABLE 5-6. PARAMETERS I N THE CHEM CAL (Chemi cal) DATA GROUP

A444444444440404448404044444000444444044044444800444444844444444044444444444444444

Par amet er [units] Deri ved Speci fied

Def aul t Coment s
C N Ln Exp U LoglOU Enp SB G Val ue

A4444444444000044440444444400004444044044444800444444804444444444444444444444444

Decay Coefficients:

Solid phase decay coeff.
(sat. zone) [1/yr]

Di ssol ved phase decay
(sat. zone) [1/yr]

Overall chenical decay
(sat. zone) [1/yr]

Hydrol ysis Rate Constants and Reference Tenperature:

Acid catal yzed _ 0
hydrolysis [1/ Myr]

Neutral catal yzed _ 0
hydrol ysis [1/yr]

Base catal yzed _ 0
hydrolysis [1/ Myr]

Ref erence
tenmperature [o(C

Vari ous Coefficients:
I D

Nor mal i zed di stribution
coeff. [m/g]

Di stribution coeff.
(sat. zone) [m/g]
VYWV V.YV. V.V V.Y V.V V. V.Y . .V V. V.YV V. V.YV V. V.V V. V.V V.V V. V.V V.. V.V V.V V. V.Y . V. V.V V.V V. V.Y V. V. V.V V.V V.V V.V V. V.V V. . V.V.V.V. V. V.V.V.V.V. V. V. V.V.V.V.V.\

C = Const ant Exp = Exponenti al Emp = Enpirica
N = Nor mal U = Uniform SB = Johnson SB
Ln = Lognor nal LoglOu = Logl0Uniform G = el har

A4444444444444444444444444444444444444444444484484444444444444448444444484444444844444444444444444444444444444444
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TABLE 5-6. PARAMETERS |IN THE CHEM CAL (Chenical) DATA GROUP (concl uded)
44444444444444444444444404440444444444444404444444444444444404444044444444444440444444444444444444444444444444444
Par amet er [units] Deri ved Speci fied
Def aul t Coment s
C N Ln Exp U Logl0U Enmp SB

44444444444444444444444400444044444444444440044404444444444444044440444444444444404444444444444444404444444444444444
Bi odegr adati on coeff.

(sat. zone) [1/yr]

Air diffusion coeff.
Not used in Subtitle D
[cnR/s] applications.
Tenmperature for air
Not used in Subtitle D
di ffusion [0oC] applications.

Mol ecul ar Definitions, Solute Vapor Pressure, Henry's Constant:
2111111113333333333333333333333331111111111333333)))))))))))))))

Mol ecul ar wei ght [ g/ nol e] Not used in Subtitle D applications.
Mol e fraction of solute [--] Not used in Subtitle D applications.
Sol ute vapor pressure [nm Hg] Not used in Subtitle D applications.

Henry's Law const. [atmnB3/M Not used in Subtitle D applications.
A444444444440404444480444444480400444480000444804444444800004444804444440044444448444444404444444044444444444444444

C = Const ant Exp = Exponenti al Enmp
N = Nor mal U = Uniform SB
Ln = Lognor nal LoglOu = Logl0Uniform G

A444444444444444444444444444444444444444444448448444444444444484484444444444444444444444444444444444444444444444
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Tabl e 5-6 indicates that four of the paraneters in the Chem cal Data G oup can
be derived. |If the user chooses to have the code cal cul ate the val ues of
these paraneters, additional paraneters are needed (see Table 5-3). All of
the Chenical Data Group paraneters can be assigned a constant value or, in
Monte Carl o node, can be assigned one of seven Monte Carlo distributions. |If
a Monte Carlo distribution is selected for any of the paraneters, additiona

i nformati on defining the distribution nust be entered for that paraneter (see
Table 5-7). The Monte Carlo distributions are described in Section 9.5 of
Salhotra et al. (1990). Also, limted help in determning the appropriate
Monte Carlo distribution for a particular paraneter is provided in Section 6.

Most of the paraneters are undefined initially in the preprocessor and nust
have a val ue assigned to them before an input file can be conpleted. Note
that three of the paraneters have a default value of zero assigned initially.
The default val ues can be changed at the user's discretion.

5.3.2.3 Source Data G oup--

Table 5-8 |lists the paraneters in the Source Data Group. Note that in
Subtitle D applications the source is assuned to be conti nuous and non-
decayi ng. Therefore, two of the paranmeters, the duration of the pulse and the
source decay constant, can not be nodified by the user. Refer to Tables 5-2
through 5-5 in order to determ ne which of the renmaining paraneters are needed
for specific nodel applications.

The val ues specified for the infiltration rate and the initial chenica
concentration entering the subsurface fromthe facility are difficult to
deternmine and yet are critical to the nodeling effort. Refer to Section 5.2.4
for information about the values to use for these parameters when desi gning
Subtitle D facilities. Sonme general information is also provided in Section 6.

Three of the paraneters listed in Table 5-8 can be derived. The derivation of
these paraneters is described in Section 6 and Table 5-3 summari zes the

par aneters needed for the derivations. Al of the Source Data G oup
paranmeters can be assigned a constant value or, in Mnte Carlo node, can be
assi gned one of seven Monte Carlo distributions described in Section 9.5 of
Salhotra et al. (1990). Refer to Table 5-7 for a list of the additiona
paraneters required when a Monte Carlo distribution is specified for an input
par anet er .

5.3.2.4 Aquifer Data G oup--

The paraneters in the Aquifer Data G oup of the preprocessor are shown in
Table 5-9. This data group contains the | argest nunber of paraneters of al
the data groups, but many of them are "secondary" parameters (i.e., paraneters
used to derive the "prinmary" paraneters or other "secondary" paraneters).
Dependi ng on sel ections made by the user, sone of these "secondary" parameters
may not be used by the code. Refer to Tables 5-2 and 5-3 and to Section 6 in
order to understand the rel ationshi ps between these paraneters and paraneters
in other data groups.
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TABLE 5-7. PARAMETERS REQUI RED FOR SELECTED PROBABI LI TY DENSI TY DI STRI BUTI ONS
A44444444444444444444448444444444444444444444444444444444444444444444444444444

Distribution Requi red Paraneters

Nor mal m ni mum meaxi num nean, standard devi ation
Lognor nmal m ni mum maxi nrum nean, standard devi ation
Exponenti al m ni mum maxi num nean

Uni form m ni mum  maxi num

Log;,uni form m ni mum maxi num

Johnson SB m ni mum meaxi num nean, standard devi ation
Enpi ri cal m ni mum maxi mum up to 20 pairs of data

defining the probability and
associ ated val ue (which describe the
di stribution)

2333333333331133333333333311333333333333113333333333331333333333333333))))))))

The paraneters used to specify well location are restricted in Subtitle D
applications. Only the downgradi ent distance fromthe site can be input by
the user. Oherwise, it is assunmed that the well is on the plunme centerline

and screened at the top of the aquifer. The well angle off center and
vertical distance can not be nodified, nor can they be assigned a Monte Carlo
di stribution.

In the preprocessor, the geonetry of the source boundary condition for the
aquifer is specified in the Aquifer Data G oup. For Subtitle D applications,
only a Gaussian source is allowed which is described in Section 5 of Sal hotra
et al. (1990). Therefore, default value set in the preprocessor is Gaussian.
Al'l of the Aquifer Data G oup paranmeters which are not being derived can be
assigned either constant values or, in Monte Carlo node, one of seven

di stributions (see Table 5-9). Note that an eighth distribution type is
available in Monte Carlo node for the longitudinal, transverse, and vertica
di spersivities--the Gel har distribution. This special distribution is
described in Section 6.5.10 and summari zed in Table 6-12(a).

5.3.2.5 Unsaturated Zone Flow Data G oup--

Tabl e 5-10 shows the paraneters in the Unsaturated Zone Fl ow Data Group. The
paraneters |listed under the heading "Control Parameters" will influence the
type of data which can be input in this data group. Thus, these three
paranmeters should be specified first. Each has been assigned a default val ue
whi ch can be changed based on site-specific information. The default val ues
are 1 flow layer, 1 material type, and the use of van Genuchten paranmeters to
determ ne the relationship between relative perneability and water saturation.
Note that the nunmber of materials can never be greater than the nunber of

| ayers. Also note that the same material type can be assigned to nore than
one | ayer
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TABLE 5-8. PARAMETERS | N THE CONTAM NANT SOURCE (SCQurce) DATA GROUP

A444444444400444448404044444000044444044044444800444444804444444044444444444444444

Par amet er [units] Deri ved Speci fied

Def aul t Coment s
C N Ln Exp U LoglOU Enp SB G Val ue

A4444444444404044444804444444800004444804004444804444444804004444804444440440444448444444400404444044444444444444444

Infiltration rate

[myr]
Area of waste unit _ _ _ _ _ _ _ -
[m2yr]
Duration of pulse [yr] Not needed because Subtitle D applications nmust be steady-state
Spread of source _ _ _ _ _ _ _ _ _
[
Recharge rate _ _ _ _ _ _ _ _
[ yr]
Sour ce Decay constant 0

Set = 0 for Subtitle D applications

Initial concentration
[mo/ 1]

Length scale [ni

Wdth scale [m _ _ _ _ _ _ _ _
VYWV YV V.V V.YV V.Y . V.V V. V.YV V. V. V. V.V V. V.V V.V V.V V.V V. V.YV V. V.V V.V V. V.YV V. V.V V.V V. V.Y V. V. V.V V.V V.V V.V V. V. V. . V.V.V.V. V. V.V.V.V.V. V. V. V.V.V.V.V.\

C = Const ant Exp = Exponenti al Enmp = Enpirica
N = Nor mal U = Uniform SB = Johnson SB
Ln = Lognor nal LoglOu = Logl0Uniform G = el har

A4444444444444444444444444444444444444444444484484444444444444448444444484444444844444444444444444444444444444444
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TABLE 5-9. PARAMETERS |IN THE AQUI FER (AQui fer) DATA GROUP
A444444444444444444444444444444444444444444448444444444844444444444444444444444444444444444444444

Par anmet er [units] Deri ved Speci fied
Def aul t
C N Ln Exp U Log,,U Enp SB G Val ue
4444444444444444444444440044404444444444444044440444444444444404444444444444444444444444444444444444
Depth and Particle Characteristics:
2233111333333333333333333)33)3))))))
Particle | | | | | | | | |
Cannot be derived if aquifer
di ameter [cm porosity is derived.
g?)))))%)))g))a)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) -
orosity [--
Cannot be derived if particle
di aneter is derived.
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Bul k Density [g/cc] ]
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Aqui fer thickness
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Source thickness |
221)111)1333333333333333333333333111131311133333333333333333333)333333331131111111133333))))))))))
Type of Source (Gaussian or Patch): Gaussi an
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Hydraul i c- and Di spersion-Rel ated Paraneters:
))))))))))))))))))))))))))))))))))))))))))))
Hydraul ic Conductivity ] ] ] ] ] ] ] ]
[ yr]
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Hydraul i c gradi ent
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Seepage vel ocity N
[mMy
44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
C = Const ant Exp = Exponenti al Enmp = Enpirica
N = Nor mal U = Uniform SB = Johnson SB
Ln = Lognor nal Log,,u = Log,Uni form G = Cel har

A444444444444444444444444444444444444444444448444444444844444444444444444444444444444444444444444
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TABLE 5-9. PARAMETERS |IN THE AQUI FER (AQui fer) DATA GROUP
A444444444444444444444444444444444444444444444444444448444444448444444444444444444444444444444444

Par amet er [units] Deri ved Speci fied

Def aul t Conment s
C N Ln Exp U Log,,U Enp SB G Val ue

A44444444440404444480444444480000444480444444480444444480400444480444444404444444844444444444444444444

Ret ardati on coeff. ] ] ] ] ] ] ] ] ]

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Longi t udi nal N ]

Di spersivity [ni
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Transver se HE ]

Di spersivity [ni
\)/)))t)))))l)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 2 - -

ertica

Di spersivity [ni

02323323235333333333335533333333333333333333333333333333333333333330333033333333030303)3)3))))))
M scel | aneous Par anet ers:

D000 00)))))))))
Temperature [°C] ] ] ] ] ] ] ] ]

)))ﬁ?))?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
p - -

)))))))))))))%?))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Organi ¢ carbon

content [fraction]
A444444444404044444804004444800004444044044448040444448040044448044444448044444448444444448444444444444

C = Const ant Exp = Exponenti al Emp = Enpirica
N = Nor nal U = Uniform SB = Johnson SB
Ln = Lognor nal Log,,u = Log,Uni form G = GCel har

A444444444444444444444444444444444444444444444444444448444444448444444444444444444444444444444444
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TABLE 5-9. PARAMETERS I N THE AQUI FER (AQuifer) DATA GROUP (concl uded)
A444444444400044444800444444800004448480444444480404444480444444480444444404444444844444444444444444444
Par amet er [units] Deri ved Speci fied

Def aul t

C N Ln Exp U Log,,U Enp SB G

A444444444444004444800444444808004444004044480404444480440444480444444404444444444444448444444444444
Wl | - Rel at ed paraneters:
IDDD0000000000000)0))))))
Recept or distance ] ] ] ] ] ] ] ]
fromsite [
))))))))%%)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Angle o center
gSet 0 for Subtitle D applications.
3&3))))))i)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
verti cal
Set 0 for Subtitle D
distance [fraction] applications.
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Flag to reject wells Not used in Subtitle D outside plune applications.

2333333333313113333333333313133333333333311333333333333133333333333313133333333333313333333111)))))

Times At Which to Cal cul ate Concentrations: Not used in steady-state
applications (steady-state

required for Subtitle D applications).

A444444444444444444444444444444444444444444448444444444844444444444444444444444444444444444444444

C = Const ant Exp = Exponenti al Enmp
N = Nor nal U = Uniform SB
Ln = Lognor nal Log,,u = Log,Uni form G

A44444444444444444444444444444444444444444444844444444848444444444444444844444444444444444444444444
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TABLE 5-10. PARAMETERS I N THE UNSATURATED ZONE FLOW ( Funsat) DATA GROUP
A4444444444440444448044444448044444448444444448044444444444444444444444444

Par amet er [units] Deri ved Speci fi ed

Def aul t Comment s

C N Ln Exp U Log,,U Enp SB G Val ue

VYWYV V.Y V.V OV V.YV V.V V.Y .V V. V.V V.V O V. V.V V. V.V V.V V.V V.YV V.Y V. V. V. V.V V. V. V.V V. V.. V. V.V V. V. . V.V V.YV V. V. V.V.V.V.V. V. V. V.V.V.V. V. V.V, V. V]
Control Paraneters:
D)D)

Nunber of porous ] 1

mat eri al s

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
van Genuchten or van

Br ooks/ Corey fl ag Genucht en
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Nunber of physical 1

flow |l ayers

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Layer Thickness and Material for Each Layer:

D000 0000000000000000 0000000000000 000)))
For 1 layer:
Depth of the unsat. ] ] ] ] ] ] ] ]
zone
%?))))i)%))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
or >1 |ayer:
Thi ckness [m ]
%?))))i)%))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
or >1 |ayer:
Mat eri al nunber of | 0
| ayers

211111)13333333333333333)333333333111111111333)3333333333333331333333331111111131313333)3))))))))))
Material Properties (for Each Material):

))))))))))))))))))))))))))))))))))))))))
Sat urated hydraulic ] ] ] ] ] ] N
conductivity [cm hr]

g?)))))%)))g))a))))))))))))))))))))))))))))))))))))))))))))))))))))%2)))))))))))))))))))))))))) ) m
orosity [--

A44444444444444444444444444444444444444444444844444444848444444444444444844444444444444444444444444

C = Const ant Exp = Exponenti al Emp = Enpirica
N = Nor nal U = Uniform SB = Johnson SB
Ln = Lognor nal Log,,u = Log,Uni form G = Cel har

A44444444444444444444444444444444444444444444444444444844444444444444444444444444444444444444444
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TABLE 5-10. PARAMETERS | N THE UNSATURATED ZONE FLOW (Funsat) DATA GROUP (concl uded)
A444444444444444444444444444444444444444444444444444448444444448444444444444444444444444444444444

Par amet er [units] Deri ved Speci fied
Def aul t
C N Ln Exp U Log,,U Enp SB G Val ue
A44444444440404444480000444480000444480440444480444444480404444480444444404444444444444448444444444444
Air entry pressure [ | [ | [ | [ | [ | [ | [ | [ |
head [ ni
221111)1333333333333333333333)331111113111333333333333333333331333333311111111131333333)))))))))))
Functional Coefficients (for each material):
))))))))))))))))))))))))))))))))))))))))))))
Resi dual wat er | | | | | | HE
content [--]
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Br ooks and Corey
Not needed if van Gbnuchten is
exponent [--] specified in contro
par amet er s
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Al pha van Genuchten
coeff. [1/cm
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Beta van Genuchten
coeff. [--]
A44444444440404444480040444480400444480440444480444444480440444480444444404444444844444444444444444444
C = Const ant Exp = Exponenti al Emp = Enpirica
N = Nor nal U = Uniform SB = Johnson SB
Ln = Lognor nal Log,,u = Log,Uni form G = Cel har

A44444444444444444444444444444444444444444444844444444848444444444444444844444444444444444444444444
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When only one layer is nodeled, its thickness is equal to the depth of the
unsaturated zone and the depth can be assigned a Monte Carlo distribution. Wen
multiple layers are sinulated, their thicknesses nust be assigned constant val ues.

Paranmeters related to material properties and functional relationships nust be
specified for each material type being nodeled. All of these paraneters can be
assigned a constant value or, in Mnte Carlo nmobde, one of seven Monte Carlo
distribution types. The specification of a Monte Carlo distribution requires
additional data defining the distribution be input (see Table 5-7). None of the
Unsaturated Zone Flow Data Group paraneters can be derived.

5.3.2.6 Unsaturated Zone Transport Data G oup--

The paraneters contained in the Unsaturated Zone Transport Data G oup are found in
Table 5-11. All of the paraneters |isted under "Control Paraneters" have default
val ues associated with them The nunber of layers is defaulted to 1, which
corresponds with the nunber of layers in the Unsaturated Flow Data Group. However,
under nost conditions the nunber and thickness of transport |ayers need not
correspond to the nunber and thickness of flow |layers. There are a couple of
restrictions: 1) the sumof the transport |ayer thicknesses nust equal the sum of
the flow |l ayer thicknesses, and 2) if the depth of the unsaturated zone is assigned
a Monte Carlo distribution in the Unsaturated Zone Fl ow Data Group (see Table 5-10),
only one transport |ayer is allowed.

Unl ess the nodel er has a good understandi ng of the other "Control Paraneters," it is
recormended that the default val ues be used.

For each transport |ayer being sinulated, five paraneters need to be specified. The
t hi ckness of each | ayer nust be assigned a constant value. The other four
paraneters can have distributions assigned to themin Mnte Carlo node. Renenber
that the specification of a Monte Carlo distribution requires that additional data
be supplied (see Table 5-7). The |ongitudinal dispersivity of each |ayer can be
either specified or derived. The derivation of this paraneter is described in
Section 6.4.2.
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TABLE 5-11. PARAMETERS | N THE UNSATURATED ZONE TRANSPORT (Tunsat) DATA GROUP
VYWV Y V.Y V.V OV V.YV V. V.Y .V V. V.V V..V V. V.V V. V.V V.V V.V V.YV V.Y V. V. V. V.V V. V.V V.V V. V. V. V.V V. V. . V.V V.V V. V.V V.V.V. V.V V. V. V.V.V.V. V. V.V V. V]
Deri ved Speci fi ed

Def aul t

C N Ln Exp U Log, U Enp SB
44444444444444444444444404440444444444444444440444444444444404444444444444444444444444444444444444

IIIIIIIDIIIIIID))

Nunber of |ayers u
The nunber of |ayers need not
correspond to the nunber of
| ayers in Unsaturated Fl ow.

)))%)))?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
eval uati on

f))))))))))))))))):I)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))18
or

18 is recommended val ue for
schene Stehfest schenme (the default)

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
used

i nterpol ating concs

2%3)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 04
ussi an

))1)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) )
i nt egral

221111)13333333333333333333333331311131111333333333333333333331333333311111111111333333))))))))))
(for Each Transport Layer):

)))))))))))))))))))))))))))))))))))))))))))))))
Thi ckness of the layer [m

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
H N | | | | | | |

di spersivity [n
2111111131333333333333333333333333111113111133333)3333333333333))313331)111111)133133333)3))))))))))
| | | | | | | |

mat t er
44444444444444444448444444440444444444444844404444844444444044448444484444444448444484444444444444444
Const ant Exp = Exponenti al Emp = Enpirica
N = Nor nal U = Uniform SB
Ln = Lognor nal Log,,u = Log,Uni form G

A444444444444444444444444444444444444444444448444444444844444444444444444444444444444444444444444
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St ehf est
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Nunber of points
for

Nurber of
poi nt's

Convol ution
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Property Paraneters

Longi t udi na
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C =

Johnson SB
Cel har



TABLE 5-11. PARAMETERS | N THE UNSATURATED ZONE TRANSPORT (Tunsat) DATA GROUP (conc
A444444444444444444444444444444444444444444444444444448444444448444444444444444444444444444444444

Deri ved Speci fi ed
Def aul t

C N Ln Exp U Log, U Enp SB
VYWYV V.Y V.V OV V.YV V. V.Y .V V. V.YV V. VY. V.V V. V.V V.V V.V V.YV V.Y V. V. V. V.V V. V.V V.V V. V.. V.V V.V V. V. V.V V.V V. V. V. V.V.V.V.V.V.V.V.V.V.V. V. V.V, V. V]
[ g/ cc] [ [ [ [ [ [ [ [

23333333333131333333333333131133333333333113333333333313)333333333333313333331)333333333331)1)))))
| | | | | | | |

coeff. [1/yr]
A44444444440404444480444444480400444480440444480444444480004444480444444404444444844444444444444444444

Const ant Exp = Exponenti al Emp = Enpirica
N = Nor nal U = Uniform SB
Ln = Lognor nal Log,,u = Log,Uni form G

A4444444444444444444444444444444444444444444484444444448444444444444444844444444444444444444444444
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G Val ue
Bul k density

Bi ol ogi cal decay
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SECTI ON 6

PARAMETER ESTI MATI ON

This section is intended to provide guidance for estinating paraneters required by
MULTI MED for Subtitle DIl and disposal facility applications. It is not intended in any
way to be used as a substitute for data collection. Reported values are presented to
denonstrate appropriate ranges of values for particular paraneters. For easy
reference, the paraneters are grouped according to the nodel data group with which they
are associ at ed.

The npst accurate nodel results will be obtained from sinmulations which are based on
site-specific data collection. In sone cases, however, it is not feasible to nmeasure
certain paraneters, and satisfactory results have been obtai ned using estimated val ues.
The code contains the option to internally derive sone paraneters based on other input
par anet ers. It is recormended that this option be used with caution and only when
val ues from nmeasurenents at the site are not available. The paraneters that can be
derived are identified in this section. The nethods used in the code to calculate the
derived paranmeters are summarized briefly in this section, and are discussed in nore
detail in the MJLTI MED nodel theory docunentation (Salhotra et al., 1990).

There are many sources of uncertainty in the prediction of contam nant migration in the
subsurface. Uilizing the Monte Carlo option in the nodel is a method to determine the
effect of uncertainty in the nodel input on the nodel results. In this option, a
paraneter is assigned a distribution and its value is then randomy generated. It is
often difficult to determne the cunulative probability distribution for a given
paranmeter. These distributions nust be deternined froma | arge anount of data, which
may not be avail able. Assunming a paraneter probability distribution when the
di stribution is unknown does not help reduce uncertainty, as the certainty of the
output is then a function of the assunmed certainty of the input parameter (U. S. EPA,
1988).

Sonme gui dance on determining an appropriate probability density distribution for
specific paraneters is provided in this section. Wen possible, tables of descriptive
statistics are also given. This information can be ignored if the nodel is run in a
determnistic framework. General information related to the probability distributions
and help in determ ning the nunber of Monte Carlo runs needed is provided in Section
9 of the MILTI MED nodel theory docunmentation (Salhotra et al., 1990).
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6.1 CHEM CAL- SPECI FI C PARAMETERS

6.1.1 Overall Chenical Decay Coefficient (Saturated Zone) [1/yr]

This paranmeter can be derived by the code, which conputes it by summing the solid and
i qui d phase decay coefficients for the saturated zone. Note that the overall chenica
decay coefficient does not include biological decay; the biodegradation coefficient
must be specified separately. |If the value for the overall chenical decay coefficient
is specified by the user as a constant or a distribution, the solid and di ssol ved phase
decay coefficients are not needed. |In general, the overall decay coefficient for the
saturated zone will be smaller in value than for the unsaturated zone.

6.1.2 Solid-Phase and Liqui d-Phase Decay Coefficients (Saturated Zone) [1/yr]

These decay coefficients represent the hydrolysis rate constants for the saturated
zone. They do not include biological decay, which is discussed in Section 6.1.7.
Hydrolysis is a potentially significant elimnation pathway for nmany organi c chem cal s
(Lyman et al., 1982). For conpounds which are easily bi odegraded, however, hydrolysis
may be insignificant relative to biodegradation (see Section 6.1.7). The hydrolysis
of organic chem cals can be described as a first-order rate process with respect to the
concentration of the organic species (Faust and CGomaa, 1972; Wl fe et al., 1977; 1978)
and i s dependent on tenperature, pH adsorption, and the presence of organic solvents.
Met hods for estimating the rate constant for the hydrolysis process are presented in
Lyman et al. (1982).

The solid-phase and |iqui d-phase hydrolysis rate constants can be derived in the code,
using input for the acid, base, and neutral hydrolysis rate constants, the reference
tenmperature, and the tenmperature and pH of the aquifer. The method used by the code
to derive these paraneters is discussed in Section 5.5.2.1 of the MULTI MED nodel theory
docunentation (Sal hotra et al., 1990). The use of acid, base, and neutral hydrolysis
rates takes into account the strong pH dependence of this process.

If the values of both the solid and di ssol ved phase decay coefficients are specified
by the user, then the saturated transport nodul e does not use the values of the acid,
base, and neutral hydrolysis rate constants. They are needed, however, if unsaturated
transport and/or surface water transport are also being simulated.

6.1.3 The Acid-Catalyzed and Base-Catal yzed Hydrolysis Rates [¢/ Myr] and
the Neutral Hydrolysis Rate [1/yr]

These three parameters are used in the code to calculate the overall chenical decay
coefficient for the unsaturated, saturated, and surface water npdules. The use of
these paranmeters in the unsaturated and saturated transport nodules is described in
Section 5.5.2.1 of Salhotra et al. (1990). For the surface water nmodule, refer to
Section 6.2.1 of the sane docunent. Values of these hydrolysis rate constants are
avail able in a | arge nunber of references, including Lyman et al. (1982), Mabey et al
(1982), and MIls et al. (1985a).
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6.1.4 Reference Tenperature [°C]

The reference tenperature is the tenperature at which KI, and KI' were cal cul ated and
is normally provided along with the hydrolysis rate constant data.

6.1.5 Distribution Coefficient (Saturated Zone) [m /(]

Sorption refers to the accurmul ation of a chenical in the boundary region of a solid-
liquid interface (MIIs et al., 1985a). Because sorption retards chem cal transport
in the subsurface, the fate of a chenical is highly dependent on its sorptive
characteristics (i.e., the distribution between the sorbed and dissol ved phases).
MULTI MED assunes that a linear equation can describe the relationship between the
equi li brium concentrations of the dissolved and adsorbed phases. The |inear
rel ati onshi p requires know edge of the chemcal distribution coefficient, K, A number
of studi es have devel oped enmpirical relationships for the partition coefficient. The
rel ati onship nost suited for relating the chemcal distribution coefficient to soil or
porous medi um properties is discussed in detail by Karickhoff (1984).

In the absence of a user-supplied value, the chenical distribution coefficient for the
saturated zone, K, can be derived by the code. Hydr ophobi ¢ binding is assunmed to
dom nate the sorption process and thus, the distribution coefficient is related
directly to soil organic carbon content using:

Ki = Kocf oc (6.1)
wher e

K = normalized distribution coefficient for organic carbon [ m/g]

£0C = organi ¢ carbon content in the saturated zone [di nmensionl ess

fracPFom

The estimation of the nornmalized distribution coefficient for organic carbon is
di scussed bel ow.

6.1.6 Normalized Organic Carbon Distribution Coefficient [m/q]

The normalized organic carbon distribution coefficient, K., is used in the code to
cal cul ate the chemi cal distribution coefficient in the unsaturated transport and the
surface water modules. It is also used in the saturated transport nodul e when the user
chooses to derive the chenmical distribution coefficient. There are many published
lists of values for K, Data are available primarily for pesticides and, to a | esser
degree, aromatic and pol ycyclic aromatic compounds. Lyman et al. (1982) reconmend ten
different references which contain values of K,..

If data on K, are not available for a particular chemical, a value can be estinmated
fromenpirical relationships between K, and some other property of the chenical such
as the water solubility, S, the octanol-water partition coefficient, K,, or the
bi oconcentration factor for aquatic life, BCF. Lyman et al. (1982) tabulate 12 such
regression equations obtained fromdata sets of different classes of chenicals, and
present guidelines for selecting an accurate and applicable equation for a particul ar
chem cal . Values for the octanol-water partition coefficient and solubility of
priority pollutants are available in many references, including Mabey et al. (1982) and
MIlls et al. (1985a).

6.1.7 Biodegradation Coefficient (Saturated Zone) [1/vyr]

Bi odegradation, along with hydrolysis, is one of the decay pathways considered by
MULTI MED. For many contani nants, biodegradation is the npbst significant neans of
removal fromthe subsurface environnent. However, the biodegradation of chemicals in
the environnent is conplex, depending on a nunber of variable and/or unknown factors,
such as the nunber of microorganisns present, the availability of oxygen and other
nutrients, and the pH and tenperature of the system

A first-order kinetic relationship is nornally used to represent biodegradation in the
natural environnent. It is difficult to estimate the bi odegradati on coefficient needed
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in this relationship. Although attenpts have been mde to correlate the
bi odegradability of a conmpound with its nol ecular characteristics, such as solubility,
t hese generalizations are applicable only to the specific chem cals investigated, and
are not recommended estimation techniques for other chemicals (Lynman et al., 1982).
A significant amunt of work is needed to validate the extension of these techni ques
to other chemicals and conditions.

A conpilation of |aboratory-derived biodegradation rate constants reported in the
literature, along with the test conditions when available, is presented in Lyman et al.
(1982). The tables include rate constants for several organic conpounds in both
aqueous environnments and soils. However, since these constants were deterni ned under
| aboratory conditions, they may be inapplicable to a field situation. Additional data
are available in MIls et al. (1985a) and Mabey et al. (1982). Care should be taken
in extrapolating the results shown in any of these tables to actual environnenta
situations.

6.2 SOURCE- SPECI FI C PARAMETERS

6.2.1 Recharge Rate [myr]

The recharge rate in this nodel is the net anmount of water that percolates directly
into the aquifer systemoutside of the | and disposal facility. The recharge is assumed
to have no contam nation and hence dilutes the groundwater contam nant plunme. The
recharge rate into the plume can be calculated in a variety of ways. One possibility
is to use a nodel, such as HELP (Hydrol ogic Evaluation of Landfill Perfornmance)
(Schroeder et al., 1984), w thout any engineering controls (leachate collection system
or aliner) to sinmulate the water balance for natural conditions. Results of such an
anal ysi s have been presented by E.C. Jordan Co. (1985, 1987).

6.2.2 Infiltration Rate [m yr]

The infiltration rate is the net anount of |eachate that percolates into the aquifer
systemfroma | and disposal facility. Because of the use of engineering controls and
the presence of non-native porous naterials in the landfill facility, the infiltration
rate will typically be different than the recharge rate. However, it can be estimated
by simlar methods as those discussed for estimation of the recharge rate.

6.2.3 Area of Waste Disposal Unit [nf]

The area of the waste disposal unit will vary significantly fromsite to site. The
area should be directly nmeasured and i nput by the user.

6.2.4 Length Scale of Facility [ni

The I ength of the waste disposal facility should be neasured at the site.

However, this paraneter can be derived by the code. The derivation is based on the
assunption that the waste disposal facility has a square shape. Therefore, the code
t akes the square root of the area:

L= (A)” (6.2)
6.2.5 Wadth Scale of Facility [m

The width of the waste disposal facility should be neasured at the site.

However, as was true for the length scale of the facility (Section 6.2.4), this
paraneter can be derived by the code, which calculates the width of the facility as the
square root of the area
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6.2.6 lnitial Concentration at Waste Disposal Facility [my/l]

When possible, site-specific data should be used. However, the user should bear in
m nd that concentrations are quite variable over tinme and thus, a limted set of data
may not be representative of conditions at the facility. |If data are not avail able,
a conservative approxi mati on would be the solubility of the contanminant in water.

When using the nodel for the design of Subtitle Dfacilities, a value of 100 tinmes the
Drinking Water Standard can be used (see Section 5.2.4). |If the concentration at the
well (i.e., point of conpliance) is at or below the Drinking Water Standard, the design
may prove acceptable. Since the nodel response is linear with this parameter, it is
convenient to use 1.0 ng/l as the initial concentration and to calculate a dilution-
attenuation factor (DAF) as discussed in Section 5.4.2.

6.2.7 Source Decay Constant [1/yr]

The source decay constant is used for simulation of an exponentially decreasing (in
ti me) boundary condition (see Section 5.2 of Salhotra et al., 1990). However, the
source is assuned to be constant in Subtitle D applications of MITIMED. Therefore,
for Subtitle D applications the preprocessor sets a default value of O for the source
decay rate.

6.2.8 Duration of Pulse [yr]

The duration of the contam nant pulse is not required in steady-state applications of
MULTI MED. Therefore, this paranmeter does not need to be estimated for Subtitle D
applications, which nust be steady-state.

6.2.9 Spread of Contani nant Source [ni

The standard devi ation of the gaussian source is a neasure of the spread of the source.
It can be estimated or derived by the code as:

o= W§6 (6.3)
wher e
W= the width scale of the facility--i.e., the dinension of the facility orthogona

to the groundwater flow direction [n]

Dividing by 6 inplies that 99.86 percent of the gaussian source spread is within the
facility.

6.3 UNSATURATED FLOW PARAMETERS

6.3.1 Saturated Hydraulic Conductivity [cn hr]

Hydraul i c conductivity expresses the ease with which a fluid can be transported through
a porous nmediumand is a function of properties of both the porous mediumand the fluid
(MIls et al., 1985b). Note that for some materials, such as alluvium the vertica
hydraulic conductivity is significantly snmaller than the horizontal hydraulic
conductivity. MIlls et al. (1985b) state that the ratio of horizontal to vertica
conductivity is from2 to 10 for alluvium and gl aci al outwash and from 1.5 to 3 for
sandstone. In the unsaturated zone nodule, flow is one-dinmensional in the vertica
direction, so the vertical hydraulic conductivity should be input. Note that in the
saturated zone, the horizontal hydraulic conductivity is required.

One of the nost widely-used tables of hydraulic conductivity values is presented in
Table 6-1. Note that the use of the values in this table will require a conversion to
the units of cmihr. In addition, descriptive statistics for a variety of soil types
are given in Table 6-2. The values for the coefficients of variation in columm three
are determ ned from nmany soils nationwi de which fall into each texture group. The
coefficient of variation for a single soil is likely to be |ower.

The lognornal distribution is likely to be an appropriate probability density function
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for saturated hydraulic conductivity (Dean et al., 1989).
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Table 6-1

(G aphic)
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TABLE 6-2. DESCRI PTI VE STATI STI CS FOR SATURATED HYDRAULI C CONDUCTI VI TY
(cmhr %)
A444444444444044444044448044448044448844440044440444444444444444444444
Hydraul ic Conductivity (K"~

Soi |l Type X S n

))2;;32))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))) 0.3 114
Clay Loam 0. 26 0.70 267.2 345
Loam 1.04 1.82 174. 6 735
Loany Sand 14.59 11. 36 77.9 315
Silt 0. 25 0. 33 129.9 88
Silt Loam 0. 45 1.23 275.1 1093
Silty day 0.02 0.11 453.3 126
Silty Clay Loam 0. 07 0.19 288.7 592
Sand 29.70 15. 60 52.4 246
Sandy Cl ay 0.12 0.28 234.1 46
Sandy Cl ay Loam 1.31 2.74 208. 6 214
Sandy Loam 4.42 5.63 127.0 1183

2333133333113333133333113333133333313333331333331333333333333333333))))))
n = Sanple size, x = Mean, s = Standard deviation, CV = Coefficient of

variation (percent)

*%

Agricultural soil, less than 60 percent clay

Sources: From Dean et al. (1989),
Original reference Carsel and Parrish (1988).

23333333333313333333333333133333333333313133333333333331333333331)))1)))

6.3.2 Unsaturated Zone Porosity [--]

Porosity is a neasure of the relative volunme of void space in a rock or soil. Porosity
is dinensionless and is expressed as a fraction or a percentage. The total porosity
of a rock or soil is conprised of primary porosity, which is due to the shape, sorting

and packing of the grains in the matrix, and secondary porosity, which is due to
phenonena such as cracks and fractures.

MULTI MED requires the effective porosity of the rock or soil as input. The effective
porosity is that part of the total porosity which is effective at transmtting water
The effective porosity is typically lower than the total porosity, due to the presence
of pores which are not interconnected or the

presence of an immbile water film bound to soil grains. In general, |aboratory
measurenments obtain values for total porosity, since effective porosity is difficult
to measure directly.

Typical total porosity values for a variety of geologic materials are presented in
Table 6-3. Jury (1985) states that a normal distribution is an appropriate probability
density function for effective porosity.

6.3.3 Air Entry Pressure Head [mi

The air entry pressure head is the threshold at which air starts to penetrate saturated
soil. It is typically a very small negative value for fine-grained materials or zero
for coarser soils. Its value can be estinmated from the water retention curves of
specific soils (Freeze and Cherry, 1979).
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6.3.4 Nunber

of lLayers,

Thi ckness of Layers [m

The unsaturated zone extends fromthe |and surface or the bottom of a waste di sposa

facility to the top of the water table.
to site.

site

An estimate of

nmeasurenents in the area of the site.

TABLE 6- 3.

Thi s di stance wil |

this depth can be determ ned

TOTAL PORCSITY OF VARI OQUS MATERI ALS

A444444444444444444444444444444444444444444444444444444444444444444444

vary significantly from
from water |evel

No. of Arithnetic
Mat eri al Anal yses Range Mean
000000000 000000000000000000 0000000300000 00000000000000000)))))))
| gneous Rocks
Weat hered granite 8 0. 34-0.57 0. 45
Weat her ed gabbro 4 0.42-0.45 0.43
Basal t 94 0. 03-0. 35 0.17
Sedi nentary Materials
Sandst one 65 0.14-0.49 0.34
Siltstone 7 0.21-0.41 0.35
Sand (fine) 243 0.26-0.53 0.43
Sand (coarse) 26 0. 31-0. 46 0. 39
Gravel (fine) 38 0. 25-0. 38 0.34
Gravel (coarse) 15 0. 24-0. 36 0.28
Silt 281 0.34-0.61 0. 46
C ay 74 0. 34-0. 57 0.42
Li mest one 74 0. 07-0. 56 0.30
Met anor phi ¢ Rocks
Schi st 18 0. 04-0. 49 0. 38
Sources: From Mercer et al. (1982),

McWhorter and Sunada (1977),
reference Morris and Johnson,

Origina

(1967) .
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In MULTIMED, the unsaturated zone can be nodeled with up to 20 |ayers which have
di stinct physical characteristics. Informati on about the l|ayers, which should be
rel ati vel y honogeneous and di stingui shabl e from adj acent |ayers, nust be determ ned on
a site-specific basis. Note that nore than one | ayer can be assigned the sane nateri al
properties. Wen one honbgeneous |ayer is nodel ed, the layer thickness is equal to the
depth of the unsaturated zone and the depth of the unsaturated zone can have a Monte
Carlo distribution assigned to it. Refer to Section 6.4.1 for nore information.

6.3.5 Residual Water Content [--]

The residual water content is that amount of the total water content which can not be
removed fromthe soil, even under |arge suction pressure, because it adheres to the
soil grains. Descriptive statistics for residual water content for a variety of types
of soils are presented in Table 6-4. |n addition, the residual water content for a
| arge nunber of soils can be estimated using the interactive conmputer program DBAPE
which is a soils data base anal yzer and paraneter estimator (Inhoff et al., 1990).
DBAPE is available from the U S. EPA Center for Environnental Assessment Moddeling
(CEAM at the Environnental Research Laboratory in Athens, GCeorgia.

6.3.6 Brooks and Corey Exponent [--]

The Brooks and Corey exponent, n, is an enpirical paranmeter used in an equation which
describes the relationship between relative perneability and water saturation (see
Section 3.2 of the MILTIMED nodel theory docunentation (Sal hotra et al., 1990)). The
exponent can be determ ned from experinmental data for a soil's capillary pressure-
desaturation curve. Brooks and Corey (1966) present experinmental results for severa
porous nedia. The porous nedia investigated by the authors had values of n ranging
from3.27 for glass beads to 4.11 for a silt loam Soils conmposed of single-grained
material with no secondary porosity (e.g., sands) tend to have snall er exponent val ues.
Soils with structure or secondary porosity have | arger exponent val ues.

In MIULTI MED, the relationship between relative perneability and water saturation may
be described using either the Brooks and Corey (1966) or the van Genuchten (1976)
rel ati onship (see Section 3 of Salhotra et al. (1990)). The Brooks and Corey exponent
is not required when the use of the van Genuchten relationship is specified in the
i nput. However, both the Brooks and Corey exponent and the van Genuchten paraneters
are required when the use of the Brooks and Corey relationship is specified.

6.3.7 Van Cenuchten Paraneters, o [1/cm; B [--]

In the code, the relationship between relative perneability and water saturation may
be described using either the Brooks and Corey (1966) or the van Genuchten (1976)

rel ationship. However, the pressure head versus water saturation relationship is
descri bed using van Genuchten parameters (see Section 3 of the MILTI MED nodel theory
docunentation (Sal hotra et al., 1990)). Therefore, the van Genuchten paraneters nust

be input to sinulate unsaturated flow in the code. Descriptive statistics for these
enpi rical paraneters have been reported by Carsel and Parrish (1988) for a variety of
soil types (see Table 6-5).
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TABLE 6-4. DESCRI PTI VE STATI STI CS FOR SATURATI ON WATER CONTENT ( 6,)
AND RESI DUAL WATER CONTENT ( 6,)
A4444444444040444448044444448044444448444444448044444444444444444444444444
Sat uration Water Content (6,) Resi dual Water Content (6,)

B Statistic’

Soil  Type X S cv n X S cv n
)))))3))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Cl ay 38 0.09 24.1 400 0.068 0.034 49.9 353
Clay Loam 0.41 0.09 22.4 364 0.095 0.010 10.1 363
Loam 0.43 0.10 22.1 735 0.078 0.013 16.5 735
Loany Sand 0.41 0.09 21.6 315 0.057 0.015 25.7 315
Silt 0.46 0.11 17. 4 82 0.034 0.010 29.8 82
Silt Loam 0.45 0.08 18.7 1093 0.067 0.015 21.6 1093
Silty day 0.36 0.07 19.6 374 0.070 0.023 33.5 371
Silty Cay Loam 0.43 0.07 17.2 641 0.089 0.009 10.6 641
Sand 0.43 0.06 15.1 246 0. 045 0.010 22.3 246
Sandy C ay 0.38 0.05 13.7 46 0.100 0.013 12.9 46
Sandy Cl ay Loam 0. 39 0. 07 17.5 214 0.100 0.006 6.0 214
Sandy Loam 0.41 0.09 21.0 1183 0.065 0.017 26.6 1183

23331333331133331333331133331333333133333313333331333333333333333333))))))
n = Sanple size, x = Mean, s = standard deviation, CV = coefficient of

variation (percent)

*%

Agricultural soil, less than 60 percent clay.

Source: Dean et al. (1989)
Original source Carsel and Parrish (1988)

6.4 UNSATURATED TRANSPORT PARANMETERS

6.4.1 Nunber of lLayers, Thickness of lLayers

The nunber of |ayers specified for transport in the unsaturated zone will depend on the
specific conditions present at the site. Layers should represent zones that are
rel ativel y honmogeneous with regard to the properties affecting transport and that can
be di stingui shed from adj acent | ayers by changes in these properties. Note that the
nunber and thickness of |ayers specified in the transport nodul e need not correspond
to the nunber and thickness of layers in the unsaturated flow nmodule (see Section
6.3.4). However, the sum of the individual |ayer thicknesses in the two nodul es nust
equal each other (i.e., the total depth of the unsaturated zone must agree in the two
nmodul es). |If the depth of the unsaturated zone is assigned a Monte Carlo distribution
in the unsaturated fl ow nodul e, then only one unsaturated transport |ayer is allowed.
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Tabl e 6-5. DESCRI PTI VE STATI STI CS FOR VAN GENUCHTEN WATER RETENTI ON MODEL PARAMETERS, o, B, and vy (Carsel and
Parrish 1988)
Paraneter «, cm! Paraneter p

___Paraneter vy - -
Soi |l Type X SD CcVv N X SD CcVv N X SD CcVv N
Cl ay® 0. 008 0.012 160. 3 400 1.09 0.09 7.9 400 0.08 0.07 82.7 400
Clay Loam 0. 019 0. 015 77.9 363 1.31 0. 09 7.2 364 0.24 0.06 23.5 364
Loam 0. 036 0. 021 57.1 735 1.56 0.11 7.3 735 0.36 0.05 13.5 735
Loany Sand 0.124  0.043 35.2 315 2.28 0.27 12.0 315 0.56 0.04 7.7 315
Silt 0. 016 0. 007 45.0 88 1.37 0. 05 3.3 88 0.27 0.02 8.6 88
Silt Loam 0. 020 0. 012 64.7 1093 1.41 0.12 8.5 1093 0.29 0.06 19.9 1093
Silty C ay 0. 005 0. 005 113.6 126 1.09 0. 06 5.0 374 0.09 0.05 51.7 374
Silty Clay Loam 0. 010 0. 006 61.5 641 1.23 0. 06 5.0 641 0.19 0.04 21.5 641
Sand 0. 145 0. 029 20.3 246 2.68 0.29 20.3 246 0.62 0.04 6.3 246
Sandy Cl ay 0. 027 0. 017 61.7 46 1.23 0.10 7.9 46 0.18 0.06 34.7 46
Sandy Cl ay Loam 0. 059 0. 038 64.6 214 1.48 0.13 8.7 214 0.32 0.06 53.0 214
Sandy Loam 0. 075 0. 037 49. 4 1183 1.89 0.17 9.2 1183 0.47 0.05 10.1 1183
X = Mean, SD = Standard Devi ati on, = Coefficient of Variation (percent), N = Sanple size

& Agricul tural

Soi |

Clay 60 percent
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6.4.2 Longitudinal Dispersivity of Each Layer [m

Hydr odynani ¢ di spersion refers to the spreadi ng and m xi ng caused by nol ecul ar

di ffusi on and mechani cal dispersion (Freeze and Cherry, 1979). For many field

probl ems, nolecular diffusion is small relative to nmechanical dispersion and can be
i gnored. Mdlecular diffusion is not considered in MILTIMED, which cal cul ates the

| ongi tudi nal di spersion coefficient as the product of the seepage velocity and

I ongi tudinal (o) dispersivity. Note that |ongitudinal dispersion is the dispersion
in the predom nant direction of flow, which is vertical in the unsaturated zone.

Dispersivity is a difficult parameter to determine. Table 6-6 provides a conpilation
of dispersivity values appropriate for the unsaturated transport nodule. Research
has shown that the values for |ongitudinal dispersivity are scale dependent. In an
unsaturated transport layer, if a value for the |ongitudinal dispersivity is not

i nput, the user can specify that the paranmeter be derived. The equation used in the
nodel to cal culate dispersivity is based on regression analysis of the data in Table
6-6. The followi ng relationship between dispersivity and the depth of the
unsaturated zone, L, was devel oped:

o, = 0.02 +0.022L, R = 66% (6. 4)

To avoid excessively high values of dispersivity for deep unsaturated zones, a
maxi mum di spersivity of 1.0 mis used.

Distributional properties for |ongitudinal dispersivity are unknown (Dean et al.
1989).

6.4.3 Percent Organic Matter [--]

Guidance in estimating the percent organic matter is provided in Table 6-7. Val ues
are given for the four Hydrologic Soil G oups and for four ranges of depth. From
Appendi x B of the users nmanual for PRZM Release | (Carsel et al., 1984) or from
Section 4 of the SCS National Engineering Handbook (Soil Conservation Service, 1972),
t he hydrol ogic soil group for the particular soil that is in the area under

consi deration can be found. There are four different soil classifications (A B, C,
and D), and they are in the order of decreasing percolation potential and increasing
sl ope and runoff potential. Soil characteristics associated with each hydrol ogic
group are as follows:

Group A Deep sand, deep | oess, aggregated silts, mnimuminfiltration of
0.76 - 1.14 (cmhr?)

Group B: Shal | ow | oess, sandy loam nmininuminfiltration 0.38 - 0.76 (cm
hr-%)

Group C Clay | oans, shallow sandy | oam soils low in organic content, and
soils usually high in clay, minimuminfiltration 0.13 - 0.38 (cm
hr-%)

Group Dt Soils that swell significantly when wet, heavy plastic clays, sone

saline soils, minimuminfiltration 0.03 - 0.13 (cmhr'})
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TABLE 6-6. COWPI LATI ON OF FI ELD DI SPERSI VI TY VALUES ~
A444444444400444444804004444000444448044444440404444404444444444444444444
Longi t udi na

Type of Vertical Scale Di spersivity

Aut hor Experi ment of Experinment (m o (M
Yul e and Gardner Laborat ory 0.23 0. 0022
(1978)

Hi | debrand and Labor at ory 0.79 0. 0018
Hi mrel bl au (1977)

Kirda et al. Laborat ory 0. 60 0. 004
(1973)

Gaudet et al. Labor at ory 0.94 0.01
(1977)

Brissaud et al. Field 1.00 0. 0011
(1983) 0. 002
Warrick et al. Field 1.20 0. 027
(1971)

Van de Pol et al. Field 1.50 0. 0941
(1977)

Bi ggar and N el sen Field 1.83 0. 05
(1976)

Ki es (1981) Field 2.00 0.168
Jury et al. (1982) Field 2.00 0. 0945
Andersen et al. Field 20. 00 0.70
(1968)

Cakes (1977) Field 20. 00 0. 20

" From Dean et al. (1989),
Oiginal reference CGel har et al. (1985).
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TABLE 6-7. DESCRI PTI VE STATI STI CS AND DI STRI BUTI ON MODEL FOR ORGANI C
MATTER ( PERCENT BY WEI GHT)
A4444444444444444444444444444444444444444444444444444444444444444444444

Stratum Sanpl e Oiginal Data Distribution Mde
cv
(m Si ze Mean Medi an s. d. (%9 Mean s. d.
3222332333335333333333333333333333333333330000303033000003030303)00))))))
Class A
0.0-0.3 162 0. 86 0.62 0.79 92 -4.53 0. 96
0.3-0.6 162 0.29 0.19 0.34 114 -5.72 0.91
0.6-0.9 151 0.15 0.10 0.14 94 -6.33 0.83
0.9-1.2 134 0.11 0. 07 0.11 104 -6.72 0. 87
Class B
0.0-0.3 1135 1.3 1.1 0. 87 68 -4.02 0.76
0.3-0.6 1120 0.50 0. 40 0. 40 83 -5.04 0.77
0.6-0.9 1090 0.27 0.22 0.23 84 -5.65 0.75
0.9-1.2 1001 0.18 0.14 0.16 87 -6.10 0.78
Class C
0.0-0.3 838 1. 45 1.15 1.12 77 -3.95 0.79
0.3-0.6 822 0.53 0. 39 0.61 114 -5.08 0.84
0.3-0.9 780 0.28 0.22 0.27 96 -5.67 0.83
0.9-1.2 672 0. 20 0.15 0.21 104 -6.03 0. 88
Class D
0.0-0.3 638 1.34 1.15 0. 87 66 -4.01 0.73
0.3-0.6 617 0. 65 0.53 0.52 80 -4.79 0.78
0.6-0.9 558 0.41 0.32 0.34 84 -5.29 0.82
0.9-1.2 493 0.29 0.22 0.31 105 -5.65 0. 86

2333333333331133333333333313133333333333311333333333333133333333331))))))

cv coefficient of variation

s. d. standard devi ation

Source: Dean et al. (1989), Oiginal reference Carsel et al. (1988)
2 Johnson sy transformation is used for all cases in this table.
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Carsel et al. (1988) state that a Johnson SB distribution is nost appropriate for the
data in Table 6-7. Note that the percent organic matter typically decreases with
depth. More detailed data on percent organic matter are avail able through the

i nteractive conputer program DBAPE di scussed in Section 6.3.5 (Inmhoff et al., 1990).

If the percent organic matter is not known, but the fractional organic carbon content
is given, the follow ng equation can be used to estinate the percent organic matter:

fon= 172.4 f (6.5)
wher e

foc fractional organic carbon content [dinmensionless]
percent organic matter [dinensionless]
conversion factor from percent organic nmatter content to

fractional organic carbon content

172. 4

6.4.4 Bulk Density of Soil for Layer [dg/cc]

Bul k density can be defined as the mass of a unit volunme of dry soil (Mercer et al.
1982). The soil bulk density directly influences the retardation of solutes and is
related to the structure and texture of a soil. The bulk density of soils typically
range between 1.3 and 2.0 g/cc, but Mercer et al. (1982) state that the bulk density
can be as low as 0.3 g/cc for soils high in organics or alum numand iron hydroxides.
Representative values for five different types of soils are shown in Table 6-8. In
addi ti on, values of bulk density for a large nunber of soils can be obtained from
DBAPE, discussed in Section 6.3.5 (lmhoff et al., 1990).

Descriptive statistics for bulk density are given in Table 6-9 for the four

Hydrol ogic Soil Goups (A B, C, and D) and for four ranges of depth. (A brief
description of the soil groups in given in Section 6.4.3.) The nost appropriate
probability density distribution for bulk density is typically a normal distribution
(Jury, 1985).

6.4.5 Biological Decay Coefficient [1/yr]

Estimati on of the biodegradation rate constant is discussed in Section 6.1.7.
6.5 AQUI FER- SPECI FI C PARAMVETERS

6.5.1 Aquifer Porosity [--]

Porosity is also discussed in Section 6.5.1 and val ues of porosity for various
materials are given in Table 6-3. It is an inportant paraneter, influencing the

vel ocity and retardation of contaninants transported in an aquifer (MIls et al.
1985b). I n the absence of a user-specified distribution for the aquifer porosity, it
can be derived by the code. It is calculated fromthe particle dianmeter using the
followi ng enpirical relationship (Federal Register Vol. 51, No. 9, p. 1649, 1986):
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TABLE 6-8. MEAN BULK DENSITY (g/cnf) FOR FIVE SO L TEXTURAL
CLASSI FI CATI ONS**
A4444444444444444444444444444444444444444444444444444444444444444444444

Soi |l Texture Mean Val ue Range Reported
D2000000000000000000000000000 0000000000000 0000000000000000000)))))))
Silt Loamns 1.32 0. - 1.67
Clay and C ay Loans 1.30 0.94 - 1.54
Sandy Loans 1.49 1.25 - 1.76
Gravelly Silt Loans 1.22 1.02 - 1.58
Loans 1.42 1.16 - 1.58
Al Soils 1.35 0.86 - 1.76
DD000000000000000000000 0000000 0000000000000 00000000000000)))))))
® Baes, C.F., Ill and R D. Sharp. 1983. A Proposal for Estinmation of

Soi | Leaching Constants for Use in Assessnent Mddels. J. Environ

Qual . 12(1):17-28 (Original reference).
® From Dean et al. (1989)
DD000000000000000000000000000 0000000000000 00000000000000000)))))))

6 = 0.261 - 0.0385 In(d) (6.6)

where d is the nean particle dianeter [cn].

6.5.2 Particle Dianmeter [cm

The particle diameter can be deternined by nethods such as sieve analysis (Freeze and
Cherry, 1979). Table 6-10 shows the range of soil particle sizes for a variety of
soil materials. |If the porosity is known, the particle dianeter can be derived using
Equation 6.6. Note that both porosity and particle dianeter can not be derived in
the sane sinulation (i.e., at |east one nust be input by the user).

6.5.3 Bulk Density [g/cc]

Bul k density is discussed in Section 6.4.4 and Tables 6-8 and 6-9 provide data on the
bul k density of soils. However, the bulk density of aquifer materials nmay differ
significantly fromthat of soils. Therefore, data on the ranges of bul k density for
various geologic material are presented in Table 6-11

If site-specific data are not available, the bulk density of the saturated zone can
be derived by the npdel using an exact relationship between porosity, particle
density and the bul k density (Freeze and Cherry, 1979). Assuning the particle
density to be 2.65 g/cc, this relationship can be expressed as:
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Table 6-9. DESCRI PTI VE STATI STI CS FOR BULK DENSI TY (g cm?)
A4444444444444444444444444444444444444444444444444444444444444444444444

Stratum Sanpl e cv

(m Size Mean Medi an s.d. (%9
2111111113333333333333333333333333111111131111333333333)))3331)3331))))))

Class A

0.0-0.3 40 1. 45 1.53 0.24 16.
0.3-0.6 44 1.50 1.56 0.23 15.
0.6-0.9 38 1.57 1.55 0.16 10.
0.9-1.2 34 1.58 1.59 0.13 8
Class B
0.0-0.3 459 1.44 1. 45 0.19 13
0.3-0.6 457 1.51 1.53 0.19 12
0.6-0.9 438 1.56 1.57 0.19 12
0.9-1.2 384 1.60 1.60 0.21 12
Class C
0.0-0.3 398 1. 46 1.48 0.22 15
0.3-0.6 395 1.58 1.59 0.23 14
0.6-0.9 371 1.64 1. 65 0.23 14
0.9-1.2 326 1.67 1.68 0.23 14
Class D
0.0-0.3 259 1.52 1.53 0.24 15
0.3-0.6 244 1.63 1. 66 0. 26 16
0.6-0.9 214 1.67 1.72 0.27 16
0.9-1.2 180 1. 65 1.72 0.28 17

233333333333313333333333331313333333333331133333333333313133333333)))))))

cv
s. d.

coefficient of variation
st andard devi ati on

Sources: From Dean et al. (1989),
Original reference Carsel et al. (1988).
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TABLE 6-10. RANGE OF SO L PARTICLE SI ZES FOR VARI OQUS MATERI ALS

A4444444444444444444444444444444444444444444444444444444444444444444444

Si ze Range Appr oxi mat e Si eve Mesh
Openi ngs
Cl ass nane MIllineters I nches Tyler United States Standard
Very | arge boul ders 4,096-2, 048 160- 80
Large boul ders 2,048-1, 024 80- 40
Medi um boul ders 1, 024-512 40- 20
Smal | boul ders 512- 256 20-10
Large cobbl es 256- 128 10-5
Smal | cobbl es 128- 64 5-2.5
Very coarse gravel 64- 32 2.5-1.3
Coarse gravel 32-16 1.3-0.6
Medi um gr avel 16- 8 0.6-0.3 2-1/2
Fi ne gravel 8-4 0.3-0.16 5 5
Very fine gravel 4-2 0. 16-0.08 9 10
Very coarse sand 2.000-1. 000 16 18
Coar se sand 1. 000- 0. 500 32 35
Medi um sand 0. 500- 0. 250 60 60
Fi ne sand 0. 250-0. 125 115 120
Very fine sand 0. 125-0. 062 250 230
Coarse silt 0. 062-0.031
Medi um si | t 0. 031-0. 016
Fine silt 0. 016-0. 008
Very fine silt 0. 008-0. 004
Coarse cl ay 0. 004- 0. 0020
Medi um cl ay 0. 0020- 0. 0010
Fi ne cl ay 0. 0010- 0. 0005
Very fine clay 0. 0005- 0. 00024

DOD000000000000000000000000000 0000000030000 00000000000000000)))))))
Modi fi ed from Vanoni (1975).

ppb = 2.65(1 - 0)
where p, = the bul k density of the soil [g/cc].

6.5.4 Aquifer Thickness [ni

The estimation of the thickness of the aquifer is site-specific,

on avail abl e geol ogi c dat a.

6.5.5 Source Thickness (M xing Zone Depth) [m

Percol ati on of water through the facility (and unsaturated zone,

Ref er ence

(6.7)

and shoul d be based

if it exists)

results in the devel opnment of a contani nant plune below the facility (see Figure

6.1). The thickness, H, of this plune depends on the vertica

di spersivity of the

media. |If a value for His not known, it can be derived in the nodel using the

foll owi ng rel ati onshi p:
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TABLE 6-11. RANGE AND MEAN VALUES OF DRY BULK DENSI TY FOR VARI QUS GEOLCG C

MATERI ALS
A4444444444044444448044444440000444404404444000444440444444444444444444444444
Mat eri al Range (g/cn?) Mean (g/cn¥)
Cl ay 1.18-1.72 1.49
Silt 1.01-1.79 1.38
Sand, fine 1.13-1.99 1.55
Sand, medi um 1.27-1.93 1.69
Sand, coarse 1.42-1.94 1.73
Gravel, fine 1.60-1.99 1.76
Gravel, medium 1.47-2.09 1.85
Gravel, coarse 1.69-2.08 1.93
Loess 1.25-1.62 1.45
Eol i an sand 1.33-1.70 1.58
Till, predominantly silt 1.61-1.91 1.78
Till, predom nantly sand 1.69-2.12 1.88
Till, predom nantly gravel 1.72-2.12 1.91
G acial drift, predominantly silt 1.11-1.66 1.38
G acial drift, predom nantly sand 1.36-1.83 1.55
G acial drift, predom nantly gravel 1.47-1.78 1.60
Sandst one, fine grained 1.34-2.32 1.76
Sandst one, medi um grai ned 1.50-1. 86 1.68
Siltstone 1.35-2.12 1.61
Cl ayst one 1.37-1.60 1.51
Shal e 2.20-2.72 2.53
Li nest one 1.21-2.69 1.94
Dol omi te 1.83-2.20 2.02
Granite, weathered 1.21-1.78 1.50
Gabbr o, weat hered 1.67-1.77 1.73
Basal t 1.99-2.89 2.53
Schi st 1.42-2.69 1.76

Ref erence: Morris and Johnson (1967); MIls et al. (1985b)
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Figure 6.1
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L
H= (20, 1)% + B(L - exp (;, 9»)) (6.8)
wher e

the vertical dispersivity [n

the length scale of the facility--i.e., the dinension of the facility
parallel to the flowdirection [mM (if L is not known, an estimate can
be obtai ned from Equation 6. 2)

B = the thickness of the saturated zone [nj

V, = one-dinmensional, uniform seepage velocity in the x direction [myr]

Q = percolation rate [myr]

Oy
L

In Equation 6.8 the first termrepresents the thickness of the plune due to vertica
di spersion and the second termrepresents the thickness of the plunme due to the
vertical velocity below the facility resulting frompercolation. While inplenenting
this alternative, the code checks that the conputed val ue of the thickness of the
source, H, is not greater than the thickness of the aquifer, B. If it is, the source
t hi ckness is set equal to the aquifer thickness.

6.5.6 Hydraulic Conductivity [myr]

Hydraulic conductivity estimates should be based on site-specific data collection
such as piezoneter tests (bail tests or slug tests) and/or punmping tests. Sone
typi cal hydraulic conductivity values for various materials are shown in Tables 6-1
and 6-2 and discussed in Section 6.3.1. Note that the units of hydraulic
conductivity are myr in the saturated zone, but cm hr el sewhere in the code.

An alternative, though often a poor one, is to allow the code to derive a value for
hydraulic conductivity. The code uses an approximate functional relationship, the
Kozeny- Carman equati on (Bear 1979):

3 d

K = S? ?)B-e)e))?z 1)2)3 (6.9)

wher e

the hydraulic conductivity [cn s]

the density of water [kg/nf]

accel eration due to gravity [m s?]

the dynamic viscosity of water [N-s/nf]
mean particle dianeter [cm

oT QO X
TR TN

In Equation 6.9, the constant 1.8 includes a unit conversion factor. Both the
density of water, p, and the dynamic viscosity of water, pu, are functions of
tenmperature and are conputed using regression equations presented in CRC (1981).
Note that at 15°C, the value of [pg/1.8u] is about 478.
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6.5.7 Hydraulic Gadient [mn

The hydraulic gradient is the change in water |evel elevation over a given distance.
In general, it is a function of the local topography, groundwater recharge vol une and
| ocation, and the volunme and | ocation of groundwater withdrawals. Further, it may

al so be related to the porous nedia properties.

The gradi ent can often be estinated fromwater |evel neasurenents in the area
surrounding the site or froma map of water table or potentionetric surface

el evations. The average gradi ent under natural conditions should be input in the
nodel . Therefore estimates should not include the effect of punping. The data used
to estimate the hydraulic gradient can also be used to deternine the direction of
groundwat er fl ow

6.5.8 Goundwater Seepage Velocity [myr]

The groundwater velocity is needed to quantify transport by advection. Because
groundwat er velocities are difficult to neasure directly, they are often determ ned
indirectly, using the fact that seepage velocity is related to the aquifer properties
t hrough Darcy's Law. Assuning a uniform saturated porous nedium the seepage

vel ocity can be expressed as:

V, = KS/ 6 (6.10)
wher e

K
S

t he hydraulic conductivity of the formation [myr]
the hydraulic gradient [mm

MULTI MED al | ows the user to derive the seepage velocity by nmeans of Equation 6.10
instead of directly entering a val ue.

Note that the hydraulic conductivity of the aquifer is used by the code only to
cal cul ate the seepage velocity. Therefore, if the groundwater seepage velocity is
specified by the user, the hydraulic conductivity will not be used.

6.5.9 Retardation Coefficient [--]

The retardation factor is used to deternine the retardation, due to adsorption, of a
contam nant relative to the bulk nass of water transporting the contaninant (Freeze
and Cherry, 1979). |In addition to delaying the arrival tinme of a contanminant at a
receptor, retardation together with dispersion can | ower the peak concentration. In
MULTI MED, the retardation factor can be input directly or derived by the code using:

R =1+ pK/o (6.11)
wher e

P, = bulk density [g/cc]
Kd = contam nant distribution coefficient [cc/(g]
S, = saturation water content [--]

Estimation of the bulk density, distribution coefficient, and saturation water
content has been discussed in earlier sections. Note that a value of one for the
retardati on coefficient neans that the contan nant does not interact with the solid
phase, but acts as a conservative tracer. An exanple of a conservative tracer is
chl ori de.
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6.5.10 Longitudinal, Transverse and Vertical Dispersivities [m

The aquifer longitudinal (o), transverse (o), and vertical (o) dispersivities are
used in the nodel to cal cul ate hydrodynam c dispersion (i.e., the spreadi ng and

m xi ng caused by nechani cal dispersion). The spreading of a contani nant caused by
nmol ecul ar diffusion is assunmed to be snmall relative to nechanical dispersion and is
ignored in the nodel. The estimation of |ongitudinal dispersivity in the unsaturated
zone is discussed in Section 6.4.2. Note that the |ongitudinal dispersivity is
oriented in the vertical direction for the unsaturated zone, while it is oriented in
the horizontal direction for the saturated zone.

The val ues for dispersivity are difficult to determine. Research has shown that the
val ues for these paraneters are strongly scal e dependent (EPRI, 1985). This can be
seen in Figure 6.2. |In general, dispersion is deternined by adjusting the

di spersivity values until nmodeling results match historical data (Mercer et al.
1982).

In the absence of user-specified values, the npdel allows two alternatives for
deriving the aquifer dispersivities. Alternative one is based on values presented in
Gel har and Axness (1981). Dispersivities are calculated as a fraction of the

di stance to the downgradi ent receptor well, as follows:
o = 0.1 x, (6.12)
or = o/ 3.0 (6.13)
oy = 0. 0560, (6.14)

where x, is the distance to the receptor well [n]. This option is sumrmarized in
Tabl e 6-12(a).

Alternative two allows a probabilistic fornulation for the |ongitudinal dispersivity
as shown in Tables 6-12(a) and 6-12(b) [Gel har (personal comunication), 1986]. The
| ongi tudi nal dispersivity is assumed to be uniformw thin each of the three intervals
shown in Table 6-12(b). Note that these values of |ongitudinal dispersivity shown
are based on a receptor well distance of 152.4 m For other distances, the follow ng
equation is used:

a(X,) = ou(x, = 152.4)(x,/ 152. 4)°5 (6. 15)

The transverse and vertical dispersivity are assunmed to have the foll ow ng val ues:
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Figure 6.2
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TABLE 6-12(a). ALTERNATIVES FOR | NCLUDI NG DI SPERSI VI TIES I N THE
SATURATED ZONE MODULE
A444444444444444444444444444444444444444444444444444444444444444444444444444

Alternative 1 Alternative 2
Di spersivity Exi sting Val ues Cel har's Recommendati on

o [M 0.1 x, Probabi listic
Formul ati on

(See Table 5-3(b))

or [ M 0.333 o o/ 8

oy [ M 0. 056 o o/ 160

ol o 3 8

od oy approx. 18 160

TABLE 6-12(b). PROBABI LI STI C REPRESENTATI ON OF LONG TUDI NAL DI SPERSI VI TY

FOR A DI STANCE OF 152.4 m
A444444444444444444444444444444444444444444444444444444444444444444444444444

d ass 1 _2 _3
o (m 0.1-1 1-10 10- 100
Probability 0.1 0.6 0.3
Cumul ati ve 0.1 0.7 1.0
Probability
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or = oyl 8 (6.16)
oy = oy 160 (6.17)

The distributional properties for the longitudinal and transverse dispersivities are
unknown (Dean et al., 1989).

6.5.11 Aquifer Tenperature [°C]

This paraneter is site-specific and should be neasured at the site. Note that
MULTI MED does not take into account any seasonal variation in tenperature in the
uppernost portions of the aquifer. |Instead, an average val ue should be used. The
average tenperature of shallow groundwater in the United States is shown in Figure
6. 3.

6.5.12 pH [pH units]

The pH val ues of groundwater in the United States typically range between 6.0 and
8.5. However, values as high as 11.0 for alkali-spring water and as low as 1.8 for
acid hot-spring water have been deternmined (Mercer et al., 1982). The pH can be
measured from groundwater sanples in the field. For sone aquifers, data may be
available fromthe U S. Geol ogical Survey, the U S. Environmental Protection Agency,
or fromstate and | ocal agenci es.

6.5.13 Oganic Carbon Content (Fraction) [--]

The fractional organic carbon content can be estimated fromthe percent organic
matter by the follow ng rel ationshi p:

foo = f,{172.4 (6.18)
wher e

foc fractional organic carbon content [dinensionless]

fom percent organic matter [dinensionless]

172.4 = conversion factor from percent organic natter content to
fractional organic carbon content

I nformati on about the percent organic matter in soils is provided in Section 6.4.3.
Typically the value of the percent organic natter (and hence, the fractional organic
carbon content) is snmaller for an aquifer than for near-surface soils.

6.5.14 Well Distance fromSite [m. Angle off Center [degrees]. and Wl
Vertical Distance [ni

A schematic of the receptor well location relative to the waste facility was
presented in Figure 6.1. The location of the well is determnined by specifying the
radi al distance to the well, the angle between the plume centerline and the radia

| ocation of the well neasured counterclockwi se and the depth of penetration of the
well. The well screen depth is specified as the fraction (i.e., a value between 0
and 1) of the total aquifer thickness and is nmeasured downward fromthe water table.
The well is assumed to have a single opening at the depth specified. The code uses
the input to calculate the cartesian coordinates of the well location as discussed in
Section 5.2.3.

For Subtitle D applications of the nodel, a conservative approach is required. Thus,
the well is assumed to be |located on the contaninant plume centerline (i.e., the
angle off center is fixed at zero degrees) and the well vertical distance is also
fixed at zero (i.e., the contam nant concentration is predicted at the water table).
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Figure 6.3
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SECTION 7

EXAMPLE PROBLEMS

Three exanpl e problens are presented in this section. These problens are designed to
denonstrate the application of MILTIMED to a variety of scenarios which m ght be
encountered while studying Subtitle D facilities. Exanple 1 is a determnistic,

st eady-state sinmulation of transport in the saturated zone. The second exanple is
identical to Exanple 1, but includes flow and transport in the unsaturated zone.
This exanple is included in the deterministic tutorial for the preprocessor, PREVMED
and can be accessed fromthe opening screen of the preprocessor by typing

<@DETER. LOG> (do not type the brackets). Exanple 3 is sinmlar to Exanple 2, but it
is run in Monte-Carlo node. This exanple is the same as the input generated by the
Monte Carlo tutorial, which is accessed fromthe preprocessor openi ng screen by
typi ng <@VONTE. LOG>.

Because new versions of the MJULTI MED code nay be rel eased after the publication of
this docunment, the results presented in this section nay differ fromthe result
obtained fromusing the input generated by the tutorials. Therefore, these exanples
shoul d not be viewed as validation data sets. |Input and output for nodel validation
are distributed with the code.

Note that the scenarios represented by these sinmulations are hypothetical, and are
not intended to resenble any actual sites. The values used in these exanpl e probl ens
are not EPA-recommended val ues for use in MJILTI MED

7.1 EXAMPLE 1

7.1.1 The Hypothetical Scenario

A well which supplies drinking water to a small conmmunity is |ocated 152 neters
directly downgradi ent froma waste disposal facility. The menbers of the conmunity
want to predict the effect of the waste disposal facility on the water quality in the
wel |

The bottom of the waste disposal facility is located just above the water table.
Therefore, simulation of flow and transport in the unsaturated zone is unnecessary,
and only saturated transport is sinulated.

One contam nant has been sel ected by the comunity for sinulation, based on its
unusual persistence in the subsurface environment. This contam nant is not

bi odegradabl e, and has an overall chenical decay coefficient which is so small it can
be assunmed to be zero (this is a conservative approach). The normalized
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di stribution coefficient for the contam nant is also assuned to be zero, so the
chemical will not be renoved fromthe groundwater by the process of adsorption

For convenience in calculating the dilution attenuation factor (DAF), discussed in
Section 5.2.4, the concentration of the contam nant at the bottomof the facility is
assuned to be 1.00 ng/l. This source concentration is constant in tinme. The area of
the waste disposal site is approximately 400 nf and it is square in shape. The
infiltration rate into the aquifer beneath the facility is .007 myr, and the
recharge rate into the aquifer downgradient of the facility is slightly higher at
.0076 myr. No tenporal variability in these rates has been observed.

The aquifer is 78.6 nmeters thick and the hydraulic gradient within the aquifer is
constant at 0.0306. The estimated |ongitudinal dispersivity in the aquifer is 160 m
the transverse dispersivity is 15.2 mand the vertical dispersivity is 8 m The
fraction of organic carbon in the aquifer is .00315. The pH of the groundwater in
the aquifer is typical of many groundwaters in the United States and has been
nmeasured to be 6.20. The average annual tenperature in the aquifer is 14.4 °C

The lack of tenporal variability in this systemindicates that a steady-state
simulation is appropriate. Furthernore, the values of the paraneters are known with
a high degree of certainty, so a determnistic sinulation was sel ected.

7.1.2 lnput

MULTI MED i nput for Exanple 1 is shown in Table 7-1. It consists of the title for the
Example 1 simulation, followed by several data groups. The values assigned to
specific paraneters are clearly labeled for all of the data groups except the Genera
data group. The parameters in the General Data Group and the fornmat of the entire

i nput sequence are di scussed in Appendi x A

Since only the saturated transport module is used in this exanple, the General Data
Goup is followed by three data groups: the Chenical, Source and Aquifer Specific
Variable Data. In these data groups, the nane of the input paraneter and the units
for the paraneter are in the left hand colum. The values |isted under

"Di stribution" indicate whether the paraneter is to be derived from other paraneters
(-1 or -2) or read fromthe input sequence (0). Since this is a determnistic
simulation, only the values listed in the "Mean" colum will be used by the nodel
(the standard deviation, and the mnimumand maxinumlinmts are applicable only in a
Monte Carl o simulation).

Al'l of the Chemical Specific Paraneters used by MILTIMED are listed in the input
file. However, not all of these parameters are used in the Exanple 1 sinulation. A
di scussion of which paraneters are required by the saturated zone transport nodul e
can be found in Section 5.3. To avoid obtaining values for unnecessary paraneters
when devel opi ng an input sequence for MJILTIMED, refer to Section 5.3, which discusses
the paraneters required for specific nodules, and Section 6, which discusses the
estimtion and/or derivation of these paraneters.

Val ues for sone paraneters may be listed as -999. These paraneters are undefi ned.
Files generated by the preprocessor list some of the paranmeters which are not used by

the code as -999. PREMED will check that all of the necessary values for a
particul ar sinulation have been defined before saving an input file. |If a value of -
999 appears in the input sequence for a paraneter which is required by the code, this
paranmeter will be listed as "Undefined", and nust be specified to conplete the input

sequence for use in MIULTIMED. The specification of "Undefined" parameters is clearly
denonstrated in the PREMED tutorial s.
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TABLE 7-1. | NPUT SEQUENCE FOR EXAMPLE 1.
A4444444444444484848444444440404848484444400048484844444004840484844444004840484844444444848444444444444444444444 Test input sequence for

Exanmpl e 1.

GENERAL DATA

***  CHEM CAL NAME FORMAT(80A1)
DEFAULT CHEM CAL

*% | SOURC ROUTE NT | YCHK  PALPH APPTYP
***OPTION  OPTAIR RUN MONTE | STEAD | OPEN | ZCHK LANDF  COMPLETE
1 0 o0 DETERM NI STI C 1 1 1 1 0 0 09.0 0 2 1

xx% XST
END GENERAL

CHEM CAL SPECI FI C VARI ABLE DATA
ARRAY VALUES

ok CHEM CAL SPECI FI C VARI ABLES

**%* VARl ABLE NAVE UNI TS DI STRI BUTI ON PARAMETERS LIM TS

ok MEAN STD DEV M N MAX
khkhkhkhhkhhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhhhhhhhhhdhhhhhhhrhhhhhhhhhhhhhhhhhhhxk
1 Solid phase decay coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
2 Di ss phase decay coeff (1/yr) -1 0. 000E+00 0. O00E+00 0. 000E+00 0. 100E+11
3 Overall chemdcy coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
4 Acid cataly hydrol rte(l/Myr) 0 0. 000E+00 0. O00E+00 0. 000E+00 -999.
5 Neutral hydrol rate cons(1/yr) 0 0. 000E+00 0. O00E+00 0. 000E+00 -999.
6 Base cataly hydrol rte(l/Myr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
7 Reference tenperature (C 0 25.0 0. 000E+00 0. 000E+00 100.
8 Normalized distrib coeff(m/Qg) 0 0. 000E+00 0. O00E+00 0. 000E+00 -999.
9 Distribution coefficient -2 0.219 0. 000E+00 0. 000E+00 0. 100E+11

10 Bi odegrad coef(sat zone) (1/yr) 0 0. 000E+00 0. O00E+00 0. 000E+00 -999.

11 Air diffusion coeff (cnR/s) 0 0. 000E+00 0. 645E- 02 0. 000E+00 10.0

12 Ref temp for air diffusion (C 0 0. 000E+00 0. O00E+00 0. 000E+00 100.

13 Mol ecul ar wei ght (g/ ol e) 0 -999. 0. O00E+00 0. 000E+00 -999.

14 Mole fraction of solute 0 -999. 0. 100E- 01 0. 100E-08 1.00

15 Sol ute vapor pressure (nmm Hg) 0 -999. 0. 230E- 01 0. 000E+00 100.

16 Henry's |law cons (atm nmt3/M 0 -999. 0. 000E+00 0. 100E- 09 1.00

17 Not in use 0 1.00 0. 000E+00 0. 000E+00 1.00

18 Not in use 0 1.00 0. 000E+00 0. 000E+00 1.00

19 Not in use 0 1.00 0. 000E+00 0. 000E+00 1.00

END ARRAY
END CHEM CAL SPECI FI C VARI ABLE DATA

(conti nued)
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TABLE 7-1. | NPUT SEQUENCE FOR EXAMPLE 1 (concl uded).
A4444444444444484848444444440404848484444400048484844444004840484844444004840484844444444848444444444444444444444

SOURCE SPECI FI C VARI ABLE DATA
ARRAY VALUES

ok SOURCE SPECI FI C VARI ABLES
ok VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
ok MEAN STD DEV M N MAX
ER SRR R Sk Sk kS kR Sk kS kS kS Sk kR Sk kS kS kS kS kS kS kS kS kS kS Sk kS kS kS kS
1 Infiltration rate (nmyr) 0 0. 700E- 02 -999. 0. 100E- 09 0. 100E+11
2 Area of waste disp unit (m2) 0 400. -999. 0. 100E- 01 -999.
3 Duration of pulse (yr) 0 -999. -999. 0. 100E- 08 -999.
4 Spread of contaminant srce (n) -1 -999. -999. 0. 100E- 08 0. 100E+11
5 Recharge rate (nmyr) 0 0. 760E- 02 -999. 0. 100E- 09 0. 100E+11
6 Source decay constant (1/yr) 0 0. O0O0E+00 -999. 0. O0O0E+00 -999.
7 Init conc at landfill (no/l) 0 1.00 -999. 0. O0O0E+00 -999.
8 Length scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
9 Wdth scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
END ARRAY
END SOURCE SPECI FI C VARI ABLE DATA
AQUI FER SPECI FI C VARI ABLE DATA
ARRAY VALUES
ok AQUI FER SPECI FI C VARI ABLES
ok VARI ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
ok MEAN STD DEV M N MAX
EE R R R Sk Sk kR Sk kS kS kS kS kR R Sk kS kS S kS kS kS kS kS kS kS kS
1 Particle dianeter (cm 0 0. 630E- 03 -999. 0. 100E-08 100.
2 Aquifer porosity -2 -999. -999. 0. 100E- 08 0. 990
3 Bulk density (g/cc) -2 -999. -999. 0. 100E-01 5.00
4 Aquifer thickness (m 0 78.6 -999. 0. 100E- 08 0. 100E+06
5 M xing zone depth (m -1 - 999. -999. 0. 100E- 08 0. 100E+06
6 Hydraulic conductivity (myr) -2 -999. -999. 0. 100E- 06 0. 100E+09
7 Hydraulic Gradient 0 0. 306E-01 -999. 0. 100E- 07 -999.
8 Grndwater seep velocity (myr) -2 -999. -999. 0. 100E- 09 0. 100E+09
9 Retardation coefficient -1 -999. -999. 1.00 0. 100E+09
10 Longi tudinal dispersivity (m 0 160. -999. 0. 100E- 02 0. 100E+05
11 Transverse dispersivity (m 0 15.2 -999. 0. 100E- 02 0. 100E+05
12 Vertical dispersivity (m 0 8. 00 -999. 0. 100E- 02 0. 100E+05
13 Tenperature of aquifer (O 0 14. 4 -999. 0. O00E+00 100.
14 pH 0 6. 20 -999. 0. 300 14.0
15 Organi c carbon content (fract) 0 0. 315E- 02 -999. 0. 100E-05 1.00
16 Receptor distance fromsite(n) 0 152. -999. 1.00 -999.
17 Angle off center (degree) 0 0. O0O0E+00 -999. 0. O0O0E+00 360.
18 Wl | vert dist fromwater tabl 0 0. 000E+00 -999. 0. 000E+00 1.00

END ARRAY

END AQUI FER SPECI FI C VARI ABLE DATA
END ALL DATA
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7.1.3 CQutput

The output for exanple 1 consists the main output file, the SAT.QUT file, and
files with a *. VAR extension, which are not shown. For determnistic
simulations, the *. VAR files echo the values of the constant paranmeters and |i st

t he val ues cal cul ated by the code for the derived paraneters. Table 7-2
presents the main output file, which consists of an echo of the input and the
predi cted contam nant concentration at the well. The SAT.OUT file, shown in
Table 7-3, lists the predicted contam nant concentration at the well

7.2 EXAMPLE 2

7.2.1 The Hypothetical Scenario

The second exanple is identical to the first with one exception: the water table
is located at a depth of 6.1 neters bel ow the bottom of the waste di sposa
facility. Therefore, unsaturated flow and transport nust also be sinmul ated.

In this exanple, the unsaturated zone consists of one honbgeneous |ayer with the
foll owi ng known values for material and transport properties. The saturated
hydraul ic conductivity is .017 cm hr, the porosity is 0.43 and the bul k density
is 1.67 g/cn?. The percent organic matter is 0.026 and the Brooks and Corey
exponent is 0.5. The van Cenuchten paraneters, o and p, which describe the

rel ati onship between the pressure head and water saturation, are .009 and 1.23,
respectively. The residual water content is .088 and the | ongitudina

di spersivity is .4 m

7.2.2 lnput

The chem cal, source, and aquifer specific paraneters are the sane as those
described in Exanple 1. However, sinulation of the unsaturated zone requires
additional data groups in the input file including soil moisture paranmeters and
unsat urated zone transport paraneters. The input for Exanple 2 is shown in Table
7-4.

7.2.3 CQutput

The output for Exanple 2 is sinilar to that described for Exanple 1. |In addition
to the main output file, shown in Table 7-5, the SAT.QUT file, presented in Table
7-6, and the *. VAR files, two additional files, VFLOW OQUT and VTRNSPT. OQUT, are
created. VFLOW OUT contains output for the Unsaturated Zone Fl ow Mdul e,

i ncluding the depth of each node and the Darcy velocity, water saturation, and
head at each node. (Note that the nunber and | ocation of nodes is deterni ned by
the MULTI MED code.) VTRNSPT.QUT lists the steady-state concentration at the

wat er tabl e.
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TABLE 7-2. OUTPUT FILE FOR EXAMPLE 1.

44444444444444444444448444444844444444444444444444844484444444444444444444444444444444444

u S ENVI RONMENTAL

EXPOSURE

PROTECTI ON

ASSESSMENT

MuLTI MEDI A MODEL

VERSI ON 3. 3,

Devel oped by Phillip Mn
Wyodwar d- Cl yde Consul ta
I n cooper
Hydr ogeol ogi c, Inc.

CGeotrans, Inc.,
a

Aqua Terra Consul tants,

1
Run options

Subtitle D landfill application.
Chemi cal simulated is DEFAULT CHEM CAL

Opti on Chosen Sat urat ed zone nodel
Run was DETERM N
Infiltration input by user

Run was steady-state

Reject runs if Y coordinate outside plune

Reject runs if Z coordinate outside plune

Gaussi an source used in saturated zone nodel

[R

DECEMBER 1988

eart and Atul Sal hotra of
nts, Gakland, California

ation wth:

, Herndon, Virginia,

Her ndon, Virginia,

nd

Mountain View, California
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TABLE 7-2.

44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

QUTPUT FI LE FOR EXAMPLE 1.

CHEM CAL SPECI FI C VARI ABLES

Sol i d phase decay coefficient

Di ssol ved phase decay coefficient
Overal |l chem cal decay coefficient
Acid catal yzed hydrolysis rate
Neutral hydrolysis rate constant
Base catal yzed hydrolysis rate
Ref erence tenperature

Nor mal i zed di stribution coefficient

Di stribution coefficient

Bi odegradati on coefficient (sat. zone)

Air diffusion coefficient

Ref erence tenperature for air diffusion C

Mol ecul ar wei ght

Mol e fraction of solute

Vapor pressure of solute
Henry's | aw const ant

RFD val ue for drinking water
ADI F val ue for fish consunption
CCC for aquatic organi sns

nm Hg
atm 3/ M

ng- kg/ day
ng- kg/ day
ng- kg/ day

SOURCE SPECI FI C VARI ABLES

DERI VED

DERI VED

DERI VED

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
DERI VED

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
000E+00
100E- 08
000E+00
100E- 09
000E+00
000E+00

. 000E+00

0. 100E+11
0. 100E+11
0. 100E+11
-999.
-999.
-999.
100.
-999.
0. 100E+11
-999.
10.0
100.
-999.
1.00
100.
1.00
1.00
1.00
1.00

Infiltration rate

Area of waste disposal unit
Duration of pul se

Spread of contam nant source
Recharge rate

Sour ce decay constant

Initial concentration at |andfill
Length scale of facility

Wdth scale of facility

Near field dilution

112

PARAMETERS
MEAN STD DEV
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
25.0 0. 000E+00
0. 000E+00 0. 000E+00
0.219 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 645E-02
0. 000E+00 0. 000E+00
-999. 0. O00E+00
-999. 0. 100E- 01
-999. 0. 230E-01
-999. 0. O00E+00
1.00 0. O00E+00
1.00 0. O00E+00
1.00 0. O00E+00
PARAMVETERS
MEAN STD DEV
0. 700E-02 -999
400. -999.
-999. -999.
-999. -999.

0. 760E- 02 -999.
0. 000E+00 -999.

1.00
-999.
-999.

999.
999.
999

0. 000E+00 0. 000E+00

100E- 09
100E- 01
100E- 08
100E- 08
100E- 09
000E+00
000E+00
100E- 08
100E- 08
000E+00

0. 100E+11
-999.
-999.
0. 100E+11
0. 100E+11
-999.
-999.
0. 100E+11
0. 100E+11
0. 000E+00

(conti nued)



TABLE 7-2. QUTPUT FILE FOR EXAMPLE 1 (concl uded).
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

AQUI FER SPECI FI C VARI ABLES

VARI ABLE NAMVE UNI TS DI STRI BUTI ON PARAVETERS LIMTS
MEAN STD DEV M N
Particle dianeter cm CONSTANT 0. 630E- 03 -999. 0. 100E-08  100.
Aqui fer porosity -- DERI VED -999. -999. 0. 100E-08 0.990
Bul k density g/ cc DERI VED -999. -999. 0. 100E- 01 5. 00
Aqui fer thickness m CONSTANT 78.6 -999. 0. 100E-08 0. 100E+06
Sour ce thickness (m xing zone depth) m DERI VED -999. -999. 0. 100E- 08 0. 100E+06
Conductivity (hydraulic) myr DERI VED -999. -999. 0. 100E-06 0. 100E+09
Gradi ent (hydraulic) CONSTANT 0. 306E-01 -999. 0. 100E-07 -999.
Groundwat er seepage vel ocity nmyr DERI VED -999. -999. 0.100E-09 0. 100E+09
Ret ardati on coefficient -- DERI VED -999. -999. 1.00 0. 100E+09
Longi tudi nal dispersivity m CONSTANT 160. -999. 0.100E-02 0. 100E+05
Transverse dispersivity m CONSTANT 15.2 -999. 0.100E-02 0. 100E+05
Vertical dispersivity m CONSTANT 8. 00 -999. 0.100E-02 0. 100E+05
Tenperature of aquifer C CONSTANT 14. 4 -999. 0. 000E+00 100.
pH -- CONSTANT 6.20 -999. 0. 300 14.0
Organi ¢ carbon content (fraction) CONSTANT 0. 315E-02 -999. 0. 100E- 05 1.00
Vel | distance fromsite m CONSTANT 152. -999. 1.00 -999.
Angl e off center degree CONSTANT 0. 000E+00 -999. 0. 000E+00 360.
Vel |l vertical distance m CONSTANT 0. 000E+00 -999. 0. 000E+00 1.00

CONCENTRATI ON AFTER SATURATED ZONE MODEL 0. 5736E- 03
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TABLE 7-3. SAT. QUT FILE FOR EXAMPLE 1.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444
1

STEADY STATE SATURATED ZONE TRANSPORT RESULTS
AT 0. 1000E+04 YEARS, CONCENTRATION IS 0.5736E-03
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TABLE 7-4. | NPUT SEQUENCE FOR EXAMPLE 2.

4444444404444 400000NAAAANNNMAAAAAAAANNMNNAAAAAANNMNAAAAAANNNANAAAAAA00NANAAAA440000004444444
Test input sequence for MILTI MED.

Exanpl e 2.

GENERAL DATA

***  CHEM CAL NAME FORNMAT(80A1)
DEFAULT CHEM CAL

e | SOURC ROUTE NT I YCHK  PALPH APPTYP
***OPTION OPTAIR RUN MONTE | STEAD | OPEN 1 ZCHK LANDF  COWPLETE
2 0 0 DETERM NI STI C 1 1 1 1 0 0 0 90.0 0 2 1
* kK XST
END GENERAL
CHEM CAL SPEC!I FI C VARI ABLE DATA
ARRAY VALUES
*Ex CHEM CAL SPECI FI C VARI ABLES
e VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R E R R EREEEEEEEEEEEEEEEEEEEEEEEE R RS EEEEEEE SRR R EREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEREEEREEEEEEEREEEREEREEREEEESEEREEREEEREESESEESS]
1 Solid phase decay coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
2 Diss phase decay coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
3 Overall chemdcy coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
4 Acid cataly hydrol rte(l/Myr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
5 Neutral hydrol rate cons(1/yr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
6 Base cataly hydrol rte(l/Myr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
7 Reference tenperature (O 0 25.0 0. 000OE+00 0. O00OE+00 100.
8 Normalized distrib coeff(m/g) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
9 Distribution coefficient -2 0.219 0. 000E+00 0. 000E+00 0. 100E+11
10 Bi odegrad coef(sat zone) (1/yr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
11 Air diffusion coeff (cnR/s) 0 0. 000E+00 0. 645E-02 0. 000E+00 10.0
12 Ref tenp for air diffusion (C 0 0. 000E+00 0. 000E+00 0. 000E+00 100.
13 Mol ecul ar wei ght (g/ nol e) 0 -999. 0. 000OE+00 0. O0OE+00 -999.
14 Mole fraction of solute 0 -999. 0. 100E- 01 0. 100E-08 1.00
15 Sol ute vapor pressure (nmm Hg) 0 -999. 0. 230E-01 0. 0O00OE+00 100.
16 Henry's law cons (atm nt3/ M 0 -999. 0. 000OE+00 0. 100E-09 1.00
17 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00
18 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00
19 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00

END ARRAY
END CHEM CAL SPECI FI C VARI ABLE DATA

(conti nued)
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TABLE 7-4. | NPUT SEQUENCE FOR EXAMPLE 2.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444
SOQURCE SPECI FI C VARI ABLE DATA

ARRAY VALUES
e SOURCE SPECI FI C VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R R R R EREEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEE SRR R EREEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEREEEREEREEREEREEREREREEEEEESSEESS]
1 iInfiltration rate (myr) 0 0. 700E- 02 -999. 0. 100E- 09 0. 100E+11
2 Area of waste disp unit (m2) 0 400. -999. 0. 100E- 01 -999
3 Duration of pulse (yr) 0 -999. -999. 0. 100E- 08 -999
4 Spread of contam nant srce (m -1 -999. -999. 0. 100E- 08 0. 100E+11
5 Recharge rate (myr) 0 0. 760E- 02 -999. 0. 100E- 09 0. 100E+11
6 Source decay constant (1/yr) 0 0. 000E+00 -999. 0. O00E+00 -999
7 Init conc at landfill (ng/l) 0 1.00 -999. 0. O00E+00 -999
8 Length scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
9 Wdth scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
END ARRAY
END SOURCE SPECI FI C VARI ABLE DATA
VFL  UNSATURATED FLOW MODEL PARAMETERS
CONTROL PARAMETERS
*Ex DUMWY NVAT KPROP DUMWY NVFLAY
7 1 2 1 1
END CONTROL PARAMETERS
MATERI AL NUMBER FOR EACH LAYER
6.10 1
END MATERI AL PARAMETERS
SATURATED MATERI AL PROPERTY PARAMETERS
ARRAY VALUES
*Ex SATURATED MATERI AL VARI ABLES
e VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R R EE R EREEEEEEEEEEEEEEEEEEEEEEE R RS EEEEEEE SRR R EREEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEREEREEEREEEREEEEEREEEEEESEEREREEESRESRSERSS]
1 Sat hydraulic conduct (cnihr) 0 0. 170E-01 -999. 0. 100E- 10 0. 100E+05
2 Unsaturated zone porosity 0 0. 430 -999. 0. 100E- 08 0. 990
3 Air entry pressure head (m 0 0. 000E+00 -999. 0. O00E+00 -999
4 Depth of the unsat zone (m 0 6. 10 -999. 0. 100E- 08 -999

END ARRAY
END MATERIAL 1

END
(conti nued)
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TABLE 7-4. | NPUT SEQUENCE FOR EXAMPLE 2.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

SO L MO STURE PARAMETERS

il FUNCTI ONAL COEFFI Cl ENTS

ARRAY VALUES

il FUNCTI ONAL COEFFI Cl E VARI ABLES

o VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
o MEAN STD DEV M N MAX
LR R R EE R EREEE SRR SRR EEEEEEEEEEEE RS EEEEEEEEEREEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEEEEEEREEEREEREEEEREEREREEREEEREEESESEESS]
1 Residual water content 0 0. 880E- 01 -999. 0. 100E-08 1.00
2 Brooks and Corey exponent, EN 0 0. 500 -999. 0. 000E+00 10.0
3 ALFA van Genuchten coefficient 0 0. 900E- 02 -999. 0. 000E+00 1.00
4 BETA Van Genuchten coefficient 0 1.23 -999. 1.00 5.00
END ARRAY
END MATERIAL 1
END
END UNSATURATED FLOW
VTP UNSATURATED TRANSPORT MODEL
CONTROL PARAMETERS
il NLAY DUMWY | ADU 1 SOL N NTEL NGPTS NI T DUMWY DUMWY
1 20 1 1 18 3 104 2 1 1

**% WIFUN

1.200
END CONTROL PARAMETERS
TRANSPORT PARAMETER
ARRAY VALUES
>k UNSATURATED TRANSPOR VARI ABLES
>k VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
i MEAN STD DEV M N
IR R E RS SRR RS R R RS SRR RS E R SRR RS RS E R RS EE RS SRR R RS RS E R RS E R SRR EEEEEEEEEEEEEREREEEEEREREEEEEEEEEEESEESRES]
1 Thickness of layer (m 0 6. 10 -999. 0. 100E- 08 -999.
2 Longit disper of layer (m 0 0. 400 -999. 0. O00OE+00 0. 100E+05
3 Percent organic matter 0 0. 260E- 01 -999. 0. 000E+00 100.
4 Bul k dens of soil layer (g/cc) 0 1.67 -999. 0.100E-01 5.00
5 Biol ogi cal decay coeff (1/yr) 0 0. 000E+00 -999. 0. 000E+00 -999.
END ARRAY
END LAYER 1

END UNSATURATED TRANSPORT PARAMETERS
END TRANSPORT MODEL
(conti nued)
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TABLE 7-4. | NPUT SEQUENCE FOR EXAMPLE 2 (concl uded).
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

AQUI FER SPECI FI C VARI ABLE DATA

ARRAY VALUES
e AQUI FER SPECI FI C VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R R R R EREE SRR SRR EEEEEEEEEEEE R RS EEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEREEEREEREEREEREEREREEREEERESSERSS]
1 Particle diameter (cm 0 0. 630E- 03 -999. 0. 100E-08 100.
2 Aquifer porosity -2 -999. -999. 0. 100E- 08 0. 990
3 Bul k density (g/cc) -2 -999. -999. 0.100E-01 5.00
4 Aqui fer thickness (m 0 78.6 -999. 0. 100E- 08 0. 100E+06
5 M xing zone depth (m -1 -999. -999. 0. 100E- 08 0. 100E+06
6 Hydraulic conductivity (myr) -2 -999. -999. 0. 100E- 06 0. 100E+09
7 Hydraulic Gradient 0 0. 306E-01 -999. 0. 100E- 07 -999.
8 Grndwater seep velocity (myr) -2 -999. -999. 0. 100E- 09 0. 100E+09
9 Retardation coefficient -1 -999. -999. 1.00 0. 100E+09
10 Longitudinal dispersivity (m 0 160. -999. 0. 100E- 02 0. 100E+05
11 Transverse dispersivity (m 0 15.2 -999. 0. 100E- 02 0. 100E+05
12 Vertical dispersivity (m 0 8. 00 -999. 0. 100E- 02 0. 100E+05
13 Tenperature of aquifer (C 0 14. 4 -999. 0. 000E+00 100.
14 pH 0 6.20 -999. 0. 300 14.0
15 Organi c carbon content (fract) 0 0. 315E-02 -999. 0.100E-05 1.00
16 Receptor distance fromsite(m 0 152. -999. 1.00 -999.
17 Angle off center (degree) 0 0. 000E+00 -999. 0. 000E+00  360.
18 Well vert dist fromwater tabl 0 0. 000E+00 -999. 0. 000E+00 1.00

END ARRAY
END AQUI FER SPECI FI C VARI ABLE DATA

END ALL DATA
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TABLE 7-5. MAIN QUTPUT FI LE FOR EXAMPLE 2.

44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

u S ENVI RONMENTAL PROTECTI ON

EXPOSURE ASSESSMENT

MuLTI MEDI A MODEL

VERSI ON 3. 3, DECEMBER 1988

Devel oped by Phillip Mneart and Atul Sal hotra of
Woodwar d- G yde Consul tants, Qakland, California

I'n cooperation with:

Hydr ogeol ogi ¢, Inc., Herndon, Virginia,
Geotrans, Inc., Herndon, Virginia,

and

Aqua Terra Consul tants, Muntain View, California

Run options

Subtitle D landfill application.
Chem cal sinmulated is DEFAULT CHEM CAL

Option Chosen Saturated and unsaturated zone nodel s
Run was DETERM N

Infiltration input by user

Run was steady-state

Reject runs if Y coordinate outside plune
Reject runs if Z coordinate outside plune
Gaussi an source used in saturated zone nodel

R

UNSATURATED ZONE FLOW MODEL PARAMETERS
(i nput paraneter description and val ue)
NP - Total nunber of nodal points
NMAT - Nunmber of different porous materials
KPROP - Van Genuchten or Brooks and Corey
| MBHGN - Spatial discretization option
1

OPTI ONS CHOSEN
Brooks and Corey functional coefficients
User defined coordinate system

1

240
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TABLE 7-5. MAIN OQUTPUT FILE FOR EXAMPLE 2.
4444444404444 4000000AAAAANNMAAAAAAAANNMANAAAAAANNMNAAAAAANNNANAAAAAA0NNMNAAAA440000004444444
Layer information

DATA FOR MATERIAL 1

VADOSE ZONE MATERI AL VARI ABLES

VARI ABLE NAMVE UNI TS DI STRI BUTI ON PARAMETERS LIMTS
MEAN STD DEV M N MAX
Saturated hydraulic conductivity cnl hr CONSTANT 0. 170E-01 -999. 0.100E-10 0. 100E+05
Unsat urated zone porosity -- CONSTANT 0. 430 -999. 0. 100E- 08 0.990
Air entry pressure head m CONSTANT 0. 000E+00 -999. 0. 000E+00  -999.
Depth of the unsaturated zone m CONSTANT 6. 10 -999. 0. 100E- 08 -999.

UNSATURATED ZONE TRANSPORT MODEL PARAMETERS

NLAY - Nunmber of different |ayers used 1
NTSTPS - Nunmber of tinme values concentration calc 20
DUMW - Not presently used 1
| SOL - Type of schenme used in unsaturated zone 1
N - Stehfest terns or nunber of increments 18
NTEL - Points in Lagrangi an interpolation 3
NGPTS - Nunmber of Gauss points 104
NT - Convol ution integral segnents 2
| BOUND - Type of boundary condition 1
| TSGEN - Tine val ues generated or input 1
TMAX - Max sinulation tine -- 0.0
WIFUN - Weighting factor -- 1.2

OPTI ONS CHOSEN

St ehfest nunerical inversion algorithm
Nondecayi ng conti nuous source
Conmputer generated times for conputing concentrations

(conti nued)
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TABLE 7-5. MAIN QUTPUT FILE FOR EXAMPLE 2.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

DATA FOR LAYER 1

VADCSE TRANSPORT VARI ABLES

VARl ABLE NAME UNI TS DI STRI BUTI ON PARAVETERS LIMTS
MEAN STD DEV M N MAX

Thi ckness of | ayer m CONSTANT 6. 10 -999 0. 100E-08 -999
Longi tudi nal dispersivity of |ayer m CONSTANT 0. 400 -999. 0. 000E+00 0. 100E+05
Percent organic matter -- CONSTANT 0. 260E- 01 -999. 0. 000E+00 100

Bul k density of soil for |ayer g/ cc CONSTANT 1.67 -999. 0. 100E- 01 5.00

Bi ol ogi cal decay coefficient 1/yr CONSTANT 0. 000E+00 -999. 0. 000E+00 -999

1
CHEM CAL SPECI FI C VARI ABLES
VARl ABLE NAME UNI TS DI STRI BUTI ON PARAMVETERS LIMTS
MEAN STD DEV M N MAX

Sol i d phase decay coefficient 1/yr DERI VED 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
Di ssol ved phase decay coefficient 1/yr DERI VED 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
Overal |l chem cal decay coefficient 1/ yr DERI VED 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
Acid catal yzed hydrolysis rate I/ Myr CONSTANT 0. 000E+00 0. 000E+00 0. 000OE+00 -999
Neutral hydrolysis rate constant 1/yr CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 -999

Base catal yzed hydrolysis rate I/ Myr CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 -999

Ref erence tenperature C CONSTANT 25.0 0. 000E+00 0. 000E+00 100
Nor mal i zed di stribution coefficient m/g CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 -999

Di stribution coefficient -- DERI VED 0.219 0. 000E+00 0. 000E+00 0. 100E+11
Bi odegradati on coefficient (sat. zone) 1/yr CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 -999

Air diffusion coefficient cn@/s CONSTANT 0. 000E+00 0. 645E- 02 0. 000E+00 10.0

Ref erence tenperature for air diffusion C CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 100

Mol ecul ar wei ght g/ M CONSTANT -999. 0. 000E+00 0. 000E+00 -999

Mol e fraction of solute -- CONSTANT -999. 0. 100E- 01 0. 100E- 08 1.00
Vapor pressure of solute mm Hg CONSTANT -999. 0. 230E-01 0. 000E+00 100
Henry' s | aw const ant atmm3/M CONSTANT -999. 0. 000E+00 0. 100E- 09 1.00
RFD val ue for drinking water ng- kg/ day CONSTANT 1.00 0. 000E+00 0. 000E+00 1.00
ADI F val ue for fish consunption ng- kg/ day CONSTANT 1.00 0. 000E+00 0. 000E+00 1.00
CCC for aquatic organi sns ng- kg/ day CONSTANT 1.00 0. 000E+00 0. 000E+00 1.00

1

(conti nued)
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TABLE 7-5. MAIN QUTPUT FILE FOR EXAMPLE 2 (concl uded).
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

SOURCE SPECI FI C VARI ABLES

VARl ABLE NAME UNI TS DI STRI BUTI ON PARAMVETERS LIMTS
MEAN STD DEV M N
Infiltration rate myr CONSTANT 0. 700E- 02 -999. 0. 100E-09 0. 100E+11
Area of waste disposal unit 2 CONSTANT 400. -999. 0.100E-01 -999.
Duration of pul se yr CONSTANT -999. -999. 0. 100E- 08 -999.
Spread of contam nant source m DERI VED -999. -999. 0. 100E-08 0. 100E+11
Recharge rate myr CONSTANT 0. 760E- 02 -999. 0.100E-09 0. 100E+11
Sour ce decay constant 1/yr CONSTANT 0. O00E+00 -999. 0. 000E+00 -999.
Initial concentration at landfill ng/ | CONSTANT 1.00 -999. 0. 000E+00 -999.
Length scale of facility m DERI VED -999. -999. 0.100E-08 0. 100E+11
Wdth scale of facility m DERI VED -999. -999. 0.100E-08 0. 100E+11
Near field dilution CONSTANT 0. 000E+00 0. 000E+00 0. 000E+00 0. 000E+00

AQUI FER SPECI FI C VARI ABLES

VARI ABLE NAMVE UNI TS DI STRI BUTI ON PARAVETERS LIMTS
MEAN STD DEV M N MAX
Particle dianeter cm CONSTANT 0. 630E- 03 -999. 0. 100E-08  100.
Aqui fer porosity -- DERI VED -999. -999. 0. 100E-08 0.990
Bul k density g/ cc DERI VED -999. -999. 0. 100E- 01 5. 00
Aqui fer thickness m CONSTANT 78.6 -999. 0. 100E-08 0. 100E+06
Sour ce thickness (m xing zone depth) m DERI VED -999. -999. 0. 100E- 08 0. 100E+06
Conductivity (hydraulic) myr DERI VED -999. -999. 0. 100E-06 0. 100E+09
Gradi ent (hydraulic) CONSTANT 0. 306E-01 -999. 0. 100E-07 -999.
Groundwat er seepage vel ocity myr DERI VED -999. -999. 0.100E-09 0. 100E+09
Ret ardati on coefficient -- DERI VED -999. -999. 1.00 0. 100E+09
Longi tudi nal dispersivity m CONSTANT 160. -999. 0.100E-02 0. 100E+05
Transverse dispersivity m CONSTANT 15.2 -999. 0.100E-02 0. 100E+05
Vertical dispersivity m CONSTANT 8. 00 -999. 0.100E-02 0. 100E+05
Tenperature of aquifer C CONSTANT 14. 4 -999. 0. 000E+00 100.
pH -- CONSTANT 6.20 -999. 0. 300 14.0
Organi ¢ carbon content (fraction) CONSTANT 0. 315E-02 -999. 0. 100E- 05 1.00
Vel | distance fromsite m CONSTANT 152. -999. 1.00 -999.
Angl e off center degree CONSTANT 0. 000E+00 -999. 0. 000E+00 360.
Vel |l vertical distance m CONSTANT 0. 000E+00 -999. 0. 000E+00 1.00

CONCENTRATI ON AFTER SATURATED ZONE MODEL 0. 5736E- 03
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TABLE 7-6. SAT. QUT FILE FOR EXAMPLE 2.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444
1

STEADY STATE SATURATED ZONE TRANSPORT RESULTS
AT 0. 1000E+04 YEARS, CONCENTRATION IS 0.5736E-03
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7.3 EXAMPLE 3

7.3.1 The Hypothetical Scenario

The third exanple is simlar to Exanple 2. The difference is that Exanple 3 is

run in Monte-Carlo node instead of in a deternministic franework. In this
exanpl e, spatial variability is observed in the neasured val ues for two
paranmet ers, which introduces uncertainty into the nodel. Therefore, it is

necessary to utilize the Monte Carlo option in MJILTI MED

In Exanple 3, all but three of the paranmeter values are constant or derived and
are identical to those in Exanple 2. The three paraneters have sonme uncertainty
associated with their values. Thus, they are described in terns of probability
density functions which represent the uncertainty in the paranmeter value. The

t heory behind the Monte Carlo analysis technique, and the probability density

di stributions included in MIJLTIMED, are discussed in Section 9 of Salhotra et al
(1990).

The three uncertain paraneters in Exanple 3 are the unsaturated zone hydraulic
conductivity (cmhr), the unsaturated zone porosity, and the aquifer pH In this
exanpl e, the probability density distribution is lognormal for the hydraulic
conductivity, normal for the unsaturated zone porosity, and uniformfor the

aqui fer pH  The normal and | ognormal distributions both require specification of
a mean, standard deviation, and nininmumand maximumlimits. The uniform

di stribution requires only the mnimum and maximumlimits of values. Values for
t hese paranmeters are shown in Table 7-7.

7.3.2 lnput
The i nput sequence for Exanple 3 is shown in Table 7-8. It is identical to the

input file for Exanple 2 except for changes in the General Data Group related to
running the nodel in a Monte Carlo framework, and differences in the input for
the three paraneters whi ch have been assigned Monte Carl o distributions.

TABLE 7-7. MONTE CARLO DI STRI BUTI ON VALUES | N EXAMPLE 3
A444444444444444444444444444444444444444444444444444444444444444444

St andard Limts

Par anet er Distribution Mean Devi ati on Mn. Max.
Sat urated hydraulic

conductivity (cnifhr)

for the unsaturated zone Lognor mal . 017 . 020 .001 .250
Unsat urat ed zone

porosity Nor mal . 330 . 100 .200 .450
Aqui fer pH Uni form NA NA 5.80 6.90
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TABLE 7-8. | NPUT SEQUENCE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

Exanpl e 3 i nput
Subtitle D application
GENERAL DATA

***  CHEM CAL NAME FORMAT(80A1)
DEFAULT CHEM CAL

*Ex | SOURC ROUTE NT 1 YCHK  PALPH APPTYP
***OPTION OPTAIR RUN MONTE | STEAD | OPEN 1 ZCHK LANDF  COWPLETE
2 0 0 MONTE 500 1 1 1 1 0 0 90.0 0 2 1
* kK XST
END GENERAL
CHEM CAL SPECI FI C VARI ABLE DATA
ARRAY VALUES
*Ex CHEM CAL SPECI FI C VARI ABLES
i VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR E R E R R EREEEEEEEEEEEEEEEEEEEEEEEE R RS EEEEEEE SRR R EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEEEEEEEREEEEEREEEEEESEEREEREEEEEESRSEESS]
1 Solid phase decay coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
2 Diss phase decay coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
3 Overall chemdcy coeff (1/yr) -1 0. 000E+00 0. 000E+00 0. 000E+00 0. 100E+11
4 Acid cataly hydrol rte(l/Myr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
5 Neutral hydrol rate cons(1/yr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
6 Base cataly hydrol rte(l/Myr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
7 Reference tenperature (O 0 25.0 0. 000OE+00 0. O00OE+00 100.
8 Normalized distrib coeff(m/g) 0 140. 0. O00OE+00 0. O0OE+00 -999.
9 Distribution coefficient -2 0.219 0. 000E+00 0. 000E+00 0. 100E+11
10 Bi odegrad coef(sat zone) (1/yr) 0 0. 000E+00 0. 000E+00 0. 000E+00 -999.
11 Air diffusion coeff (cnR/s) 0 0. 000E+00 0. 645E-02 0. 000E+00 10.0
12 Ref tenp for air diffusion (C 0 0. 000E+00 0. 000E+00 0. 000E+00 100.
13 Mol ecul ar wei ght (g/ nol e) 0 -999. 0. 000OE+00 0. O0OE+00 -999.
14 Mole fraction of solute 0 -999. 0. 100E- 01 0. 100E-08 1.00
15 Sol ute vapor pressure (nmm Hg) 0 -999. 0. 230E-01 0. 0O00E+00 100.
16 Henry's law cons (atm nt3/ M 0 -999. 0. 000OE+00 0. 100E-09 1.00
17 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00
18 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00
19 Not in use 0 1. 00 0. 000E+00 0. 000E+00 1.00

END ARRAY
END CHEM CAL SPECI FI C VARI ABLE DATA

(conti nued)
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TABLE 7-8. | NPUT SEQUENCE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

SOURCE SPECI FI C VARI ABLE DATA

ARRAY VALUES
e SOURCE SPECI FI C VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R R R R EREE SRR SRR EEEEEEEEEEEE R RS EEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEREEEREEREEREEREEREREEREEERESSERSS]
1 iInfiltration rate (myr) 0 0. 700E- 02 -999. 0. 100E- 09 0. 100E+11
2 Area of waste disp unit (m2) 0 400. -999. 0. 100E- 01 -999
3 Duration of pulse (yr) 0 -999. -999. 0. 100E- 08 -999
4 Spread of contam nant srce (m -1 -999. -999. 0. 100E- 08 0. 100E+11
5 Recharge rate (myr) 0 0. 160E- 01 -999. 0. 100E- 09 0. 100E+11
6 Source decay constant (1/yr) 0 0. 000E+00 -999. 0. O00E+00 -999
7 Init conc at landfill (ng/l) 0 1.00 -999. 0. O00E+00 -999
8 Length scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
9 Wdth scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
END ARRAY
END SOURCE SPECI FI C VARI ABLE DATA
VFL  UNSATURATED FLOW MODEL PARAMETERS
CONTROL PARAMETERS
*Ex DUMWY NVAT KPROP DUMWY NVFLAY
7 1 1 1 1
END CONTROL PARAMETERS
SATURATED MATERI AL PROPERTY PARAMETERS
ARRAY VALUES
i SATURATED MATERI AL VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N MAX
LR R R R R R EREEEEEEEEEEEEEEEEEEEEEEE R RS EEEEEEE SRR R EREEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEREEEREEREEEEEESEEREEREREESEESRSERSS]
1 Sat hydraulic conduct (cnthr) 2 0. 170E-01 0. 200E- 01 0. 100E-03 0. 250
2 Unsaturated zone porosity 1 0. 330 0. 100 0. 200 0. 450
3 Air entry pressure head (m 0 0. 000E+00 -999. 0. O00E+00 -999
4 Depth of the unsat zone (m 0 6. 10 -999. 0. 100E- 08 -999

END ARRAY

END MATERIAL 1
END

(conti nued)
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TABLE 7-8. | NPUT SEQUENCE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

SO L MO STURE PARAMETERS

il FUNCTI ONAL COEFFI Cl ENTS

ARRAY VALUES

il FUNCTI ONAL COEFFI Cl E VARI ABLES

o VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
o MEAN STD DEV M N MAX
LR R R EE R EREEE SRR SRR EEEEEEEEEEEE RS EEEEEEEEEREEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEREEEEEEEREEEREEREEEEREEREREEREEEREEESESEESS]
1 Residual water content 0 0. 880E- 01 -999. 0. 100E-08 1.00
2 Brooks and Corey exponent, EN 0 0. 500 -999. 0. 000E+00 10.0
3 ALFA van Genuchten coefficient 0 0. 900E- 02 -999. 0. 000E+00 1.00
4 BETA Van Genuchten coefficient 0 1.23 -999. 1.00 5.00
END ARRAY
END MATERIAL 1
END
END UNSATURATED FLOW
VTP UNSATURATED TRANSPORT MODEL
CONTROL PARAMETERS
il NLAY DUMWY | ADU 1 SOL N NTEL NGPTS NI T DUMWY DUMWY
1 20 1 1 18 3 104 2 1 1

**% WIFUN

1.200
END CONTROL PARAMETERS
TRANSPORT PARAMETER
ARRAY VALUES
>k UNSATURATED TRANSPOR VARI ABLES
>k VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
i MEAN STD DEV M N
IR R E RS SRR RS R R RS SRR RS E R SRR RS RS E R RS EE RS SRR R RS RS E R RS E R SRR EEEEEEEEEEEEEREREEEEEREREEEEEEEEEEESEESRES]
1 Thickness of layer (m 0 6. 10 -999. 0. 100E- 08 -999
2 Longit disper of layer (m 0 0. 400 -999. 0. O00OE+00 0. 100E+05
3 Percent organic matter 0 0. 260E- 01 -999. 0. 000E+00 100
4 Bul k dens of soil layer (g/cc) 0 1.45 -999. 0.100E-01 5.00
5 Biol ogi cal decay coeff (1/yr) 0 0. 000E+00 -999. 0. O00E+00 -999
END ARRAY
END LAYER 1

END UNSATURATED TRANSPORT PARAMETERS
END TRANSPORT MODEL

(conti nued)
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TABLE 7-8. | NPUT SEQUENCE FOR EXAMPLE 3 (concl uded).
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

AQUI FER SPECI FI C VARI ABLE DATA

ARRAY VALUES
e AQUI FER SPECI FI C VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R R R R EREE SRR SRR EEEEEEEEEEEE R RS EEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEREEEREEREEREEREEREREEREEERESSERSS]
1 Particle diameter (cm 0 0. 630E- 03 -999. 0. 100E-08 100.
2 Aquifer porosity -2 -999. -999. 0. 100E- 08 0. 990
3 Bul k density (g/cc) -2 -999. -999. 0.100E-01 5.00
4 Aqui fer thickness (m 0 78.6 -999. 0. 100E- 08 0. 100E+06
5 M xing zone depth (m -1 -999. -999. 0. 100E- 08 0. 100E+06
6 Hydraulic conductivity (myr) -2 -999. -999. 0. 100E- 06 0. 100E+09
7 Hydraulic Gradient 0 0. 306E-01 -999. 0. 100E- 07 -999.
8 Grndwater seep velocity (myr) -2 -999. -999. 0. 100E- 09 0. 100E+09
9 Retardation coefficient -1 -999. -999. 1.00 0. 100E+09
10 Longitudinal dispersivity (m 1 160. 15.0 50.0 200.
11 Transverse dispersivity (m 0 15.2 -999. 0. 100E- 02 0. 100E+05
12 Vertical dispersivity (m 0 8. 00 -999. 0. 100E- 02 0. 100E+05
13 Tenperature of aquifer (C 0 14. 4 -999. 0. 000E+00 100.
14 pH 4 -999. -999. 5.80 6. 90
15 Organi c carbon content (fract) 0 0. 315E-02 -999. 0.100E-05 1.00
16 Receptor distance fromsite(m 0 152. -999. 1.00 -999.
17 Angle off center (degree) 0 0. 000E+00 -999. 0. 000E+00  360.
18 Well vert dist fromwater tabl 0 0. 000E+00 -999. 0. 000E+00 1.00

END ARRAY
END AQUI FER SPECI FI C VARI ABLE DATA

END ALL DATA
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The type of distribution associated with each parameter is indicated in the
"Distribution" colum. The nunber assigned to each of the distribution types is
shown in Table A-4. A value of 0 in the "Distribution" colum indicates a
constant value for the paraneter. A value of -1 or -2 indicates that the
paranmeter is derived fromother paraneters in the code. As Table A-4 indicates,
ot her values are used for Monte Carlo distributions. For exanple, the saturated
hydraulic conductivity for Material 1 in the unsaturated zone has a value of 2 in
the "Distribution" colum, which indicates that a |lognormal probability density
di stribution has been assigned to the paraneter

7.3.3 CQutput

The output from MILTIMED is presented in Tables 7-9 through 7-11. Because the
General Data Group flag for the level of output fromMnte Carlo runs was set to
SOME for this exanple problem (see Section 5.3.2.2), the output consists of the
mai n output file, the STATS. QUT file, and the SAT1.QUT file. The main output
file consists of an echo of the input paraneters, selected statistical results,
and printer plots of frequency and cumul ative frequency. The STATS.OQUT file
contains a summary of the statistical analyses resulting fromthe Monte Carlo
simul ati ons. The cunul ative distribution function of well concentrations (i.e.
wel | concentrations in ascending order) is listed in the SAT1.QUT file. This
file can be used by the postprocessor, POSTMED, to produce frequency and

cunul ative frequency plots of higher quality than those found in the main output
file. Exanples of these plots are shown in Section 4.2.
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TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

u S ENVI RONMENTAL PROTECTI ON

EXPOSURE ASSESSMENT
MuLTI MEDI A MODEL

VERSI ON 3. 3, DECEMBER 1988

Devel oped by Phillip Mneart and Atul Sal hotra of
Woodwar d- G yde Consul tants, Qakland, California

I'n cooperation with:
Hydr ogeol ogi ¢, Inc., Herndon, Virginia,
Geotrans, Inc., Herndon, Virginia,
and

Aqua Terra Consul tants, Muntain View, California

1
Run options

Exanpl e 3 i nput

Subtitle D application
Chemi cal sinmulated is DEFAULT CHEM CAL

Option Chosen Saturated and unsaturated zone nodel s
Run was MONTE

Infiltration input by user

Nunber of nonte carlo simulations 500

Run was steady-state

Reject runs if Y coordinate outside plune
Reject runs if Z coordinate outside plune
Gaussi an source used in saturated zone nodel

UNSATURATED ZONE FLOW MODEL PARAMETERS
(i nput paraneter description and val ue)
NP

- Total nunber of nodal points 240
NMAT - Nunmber of different porous materials 1
KPROP - Van Genuchten or Brooks and Corey 1
| MBHGN - Spatial discretization option 1
1
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TABLE 7-9. MAIN QUTPUT FI LE FOR EXAMPLE 3.

44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

OPTI ONS CHOSEN

Van Genuchten functional coefficients

User defined coordinate system
1

Layer information

MATERI AL PROPERTY

DATA FOR MATERIAL 1

VADOSE ZONE MATERI AL VARI ABLES

PARAMVETERS

MEAN STD DEV

Saturated hydraulic conductivity

Unsat urated zone porosity
Air entry pressure head

Depth of the unsaturated zone

UNI TS DI STRI BUTI ON
cnt hr LOG NORVAL
-- NORVAL
m CONSTANT
m CONSTANT

DATA FOR MATERIAL 1

VADOSE ZONE FUNCTI ON VARI ABLES

0. 170E-01 0. 200E-01
0. 330 0. 100

0. 000E+00 -999.
6. 10 -999.

PARAMVETERS

MEAN STD DEV

Resi dual water content

Brook and Corey exponent, EN

ALFA coefficient

Van Genuchten exponent, ENN

UNI TS DI STRI BUTI ON
-- CONSTANT
-- CONSTANT
1/cm CONSTANT
-- CONSTANT

131

0. 880E-01 -999.
0. 500 -999.
0. 900E- 02 -999.

1.23 -999.

LIMTS
M N MAX
0. 100E-03 0. 250
0. 200 0. 450
0. 000E+00 - 999.
0. 100E-08 -999.
LIMTS
M N MAX
0. 100E- 08 1.00
0. 000E+00 10.0
0. 000E+00 1.00
1.00 5.00

(conti nued)



TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

UNSATURATED ZONE TRANSPORT MODEL PARAMETERS

NLAY - Nunber of different |ayers used 1
NTSTPS - Nunmber of tinme values concentration calc 20
DUMW - Not presently used 1
| SOL - Type of schene used in unsaturated zone 1
N - Stehfest terns or nunber of increments 18
NTEL - Points in Lagrangi an interpolation 3
NGPTS - Nunmber of Gauss points 104
NT - Convol ution integral segnents 2
| BOUND - Type of boundary condition 1
| TSGEN - Tine val ues generated or input 1
TMAX - Max sinulation tine -- 0.0
WIFUN - Weighting factor -- 1.2

OPTI ONS CHOSEN

St ehf est nunerical inversion algorithm

Nondecayi ng conti nuous source

Conmput er generated tinmes for conputing concentrations

1
DATA FOR LAYER 1
VADOSE TRANSPORT VARI ABLES
VARl ABLE NAME UNI TS DI STRI BUTI ON PARAVETERS LIMTS
MEAN STD DEV M N MAX
Thi ckness of |ayer m CONSTANT 6. 10 -999 0. 100E- 08 -999.
Longi tudi nal dispersivity of |ayer m CONSTANT 0. 400 -999. 0. 000E+00 0. 100E+05
Percent organic matter -- CONSTANT 0. 260E- 01 -999. 0. 000E+00 100.
Bul k density of soil for |ayer g/ cc CONSTANT 1.45 -999. 0. 100E- 01 5.00
Bi ol ogi cal decay coefficient 1/yr CONSTANT 0. 000E+00 -999. 0. 000E+00 -999.
1

(conti nued)
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TABLE 7-9.

44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

MAI'N QUTPUT FILE FOR EXAMPLE 3.

CHEM CAL SPECI FI C VARI ABLES

Sol i d phase decay coefficient

Di ssol ved phase decay coefficient
Overall chem cal decay coefficient
Acid catal yzed hydrolysis rate

Neutral hydrolysis rate constant

Base catal yzed hydrolysis rate

Ref erence tenperature

Normal i zed di stribution coefficient

Di stribution coefficient

Bi odegradati on coefficient (sat. zone)
Air diffusion coefficient

Ref erence tenperature for air diffusion
Mol ecul ar wei ght

Mol e fraction of solute

Vapor pressure of solute

Henry s | aw const ant

RFD val ue for drinking water

ADI F val ue for fish consunption

CCC for aquatic organi snms

0. 100E+11
0. 100E+11
0. 100E+11
-999.
-999.
-999.
100.
-999.
0. 100E+11
-999.
10.0
100.
-999.
1.00
100.
1.00
1.00
1.00
1.00

Infiltration rate

Area of waste disposal unit
Duration of pul se

Spread of contam nant source
Recharge rate

Sour ce decay constant

Initial concentration at landfill
Length scale of facility

Wdth scale of facility

Near field dilution

UNI TS DI STRI BUTI ON
MEAN STD DEV
1/yr DERI VED 0. 000E+00
1/ yr DERI VED 0. 000E+00
1/yr DERI VED 0. 000E+00
I/ Myr CONSTANT 0. 000E+00
1/ yr CONSTANT 0. 000E+00
I/ Myr CONSTANT 0. 000E+00
CONSTANT 25.0
m/g CONSTANT 140.
-- DERI VED 0.219
1/yr CONSTANT 0. 000E+00
cn@/s CONSTANT 0. 000E+00
C CONSTANT 0. 000E+00
g/ M CONSTANT -999.
-- CONSTANT -999.
mm Hg CONSTANT -999.
atm n'3/ M CONSTANT -999.
ng- kg/ day CONSTANT 1.00
ng- kg/ day CONSTANT 1.00
nmg- kg/ day CONSTANT 1.00
SOURCE SPECI FI C VARI ABLES
UNI TS DI STRI BUTI ON PARAMVETERS
MEAN STD DEV
myr CONSTANT 0. 700E- 02 -999.
m2 CONSTANT 400. -999.
yr CONSTANT -999. -999.
m DERI VED -999. -999.
myr CONSTANT 0. 160E- 01 -999.
1/yr CONSTANT 0. 000E+00 - 999.
g/ | CONSTANT 1. 00 -999.
m DERI VED -999. -999.
m DERI VED -999. -999.
CONSTANT 0. 000E+00 0. 000E+00
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PARAVETERS
M N MAX
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 645E- 02 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 100E- 01 0. 100E- 08
0. 230E- 01 0. 000E+00
0. 000E+00 0. 100E- 09
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
0. 000E+00 0. 000E+00
LIMTS
M N MAX
100E-09 0. 100E+11
100E-01 -999.
100E-08 -999.
100E-08 0. 100E+11
100E-09 0. 100E+11
00OE+00 -999.
O0OE+00 -999.
100E-08 0. 100E+11
100E-08 0. 100E+11
00OE+00 0. 0O0OOE+00

(conti nued)



TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

AQUI FER SPECI FI C VARI ABLES

VARI ABLE NAMVE UNI TS DI STRI BUTI ON PARAVETERS LIMTS
MEAN STD DEV M N

Particle dianeter cm CONSTANT 0. 630E- 03 -999. 0. 100E-08  100.

Aqui fer porosity -- DERI VED -999. -999. 0. 100E-08 0.990

Bul k density g/ cc DERI VED -999. -999. 0. 100E- 01 5. 00
Aqui fer thickness m CONSTANT 78.6 -999. 0. 100E-08 0. 100E+06
Sour ce thickness (m xing zone depth) m DERI VED -999. -999. 0. 100E- 08 0. 100E+06
Conductivity (hydraulic) myr DERI VED -999. -999. 0. 100E-06 0. 100E+09
Gradi ent (hydraulic) CONSTANT 0. 306E-01 -999. 0. 100E-07 -999.
Groundwat er seepage vel ocity nmyr DERI VED -999. -999. 0.100E-09 0. 100E+09
Ret ardati on coefficient -- DERI VED -999. -999. 1.00 0. 100E+09
Longi tudi nal dispersivity m NORMAL 160. 15.0 50.0 200
Transverse dispersivity m CONSTANT 15.2 -999. 0.100E-02 0. 100E+05
Vertical dispersivity m CONSTANT 8. 00 -999. 0.100E-02 0. 100E+05
Tenperature of aquifer C CONSTANT 14. 4 -999. 0. 000E+00 100

pH -- UNI FORM -999. -999. 5.80 6. 90
Organi ¢ carbon content (fraction) CONSTANT 0. 315E-02 -999. 0. 100E- 05 1.00
Vel | distance fromsite m CONSTANT 152. -999. 1.00 -999
Angl e off center degree CONSTANT 0. 000E+00 -999. 0. 000E+00 360

Vel |l vertical distance m CONSTANT 0. 000E+00 -999. 0. 000E+00 1.00

1 0 Val ues generated whi ch exceeded the specified bounds
e RESULTS -----

SATURATED ZONE TRANSPORT
Exanpl e 3 i nput

Subtitle D application

90. PERCENT CONFI DENCE | NTERVAL

N = 500

MEAN = 0.573E-03

STANDARD DEVI ATI ON = 0.346E-04

COEFFI Cl ENT OF VARIATION = 0. 604E-01

M NI MUM VALUE = 0.475E-03

MAXI MUM VALUE = 0.657E-03

50t h PERCENTI LE = 0.573E-03 0. 570E- 03 0. 576E- 03
80t h PERCENTI LE = 0.602E-03 0. 599E- 03 0. 605E- 03
85t h PERCENTI LE = 0.608E-03 0. 605E- 03 0. 614E- 03
90t h PERCENTI LE = 0.619E-03 0. 614E- 03 0. 623E- 03
95t h PERCENTI LE = 0.634E-03 0. 626E- 03 0. 640E- 03

(conti nued)
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TABLE 7-9. MAIN QUTPUT FI LE FOR EXAMPLE 3.

44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

-999 UNABLE TO COWPUTE CONFI DENCE BOUND DUE TO | NSUFFI CI ENT DATA

VALUE % OF TIME EQUALLED % OF TIME | N | NTERVAL
OR EXCEEDED

0. 100E- 03 100. 000

0. 000
0. 156E- 03 100. 000

0. 000
0. 211E-03 100. 000

0. 000
0. 267E- 03 100. 000

0. 000
0. 323E- 03 100. 000

0. 000
0. 378E- 03 100. 000

0. 000
0. 434E- 03 100. 000

0. 800
0. 490E- 03 99. 200

21.400
0. 546E- 03 77.800

56. 800
0. 601E- 03 21.000

20. 800
0. 657E- 03 0. 200

135

(conti nued)



TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

100 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +

1 1

1 1

1 1

80 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +

E 1 1
R 1 1
E 1 1
Q 60 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +
U ! * !
E ! * !
N ! * !
C 40 +------ H--- - - Ho-- - - Ho- - - - R Fo- - - - - R Fo- - - - - R +
Y ! * !
1 * 1

% ! * !
20 +------ [ R, [ R L - L Foeenne Foeennn L S R S TR S e

] * * * 1

i * * * 1

i * * * 1

0.+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--.+
0.100 0.156 0.211 0.267 0.323 0.378 0.434 0.490 0.546 0.601 0.657
* 0.1E-02

CONCENTRATI ON

(conti nued)
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TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

1
C 100 +------ [ R [ L - L L Foeennn Foeenne Foeennn [ e il
U | * kx|
M 1 *
U 1 * 1
L 80 +------ [ R [ L - L L Foeennn Foeenne Foeennn *ooooao +
A 1
T 1 * 1
| 1 * 1
V 60 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +
E 1 *
1 1
E 1 * 1
R 40 +------ [ R [ L - L L Foeennn Foeenne L +
E 1
Q 1 * 1
U 1
E 20 +------ [ R, [ R L - L Foeenne Foeennn Feeennn *ooooon Feeonnn +
N 1 * 1
C 1 * 1
Y ! *x !
O HFFrF KA KKK F A KA KA K R KR F A K AR KR KRR R IR I AR AR KRR R KRR AR kR p . R, +
0.100 0.156 0.211 0.267 0.323 0.378 0.434 0.490 0.546 0.601 0.657
* 0.1E-02

CONCENTRATI ON
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TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

FOLLOW NG GRAPHS ARE FOR THE TOP 20% OF THERESULTS
1

100 +------ H--- - - Ho-- - - Ho- - - - R Fo- - - - - R Fo- - - - - R +-o--Fo o4

! * o

! * o

! * o

80 +------ H--- - - Ho-- - - Ho- - - - R Fo- - - - - R Fo- - - - - R H---Fo o4

F ! * o
R ! * o
E ! * o
Q 60 +------ Ho-- - R R Ho-m - Fo- - - Fom o - - - R R F---Fo 4
U ! * o
E ! * o
N ! * o
C 40 +------ Ho-- - R R Ho-m - Fo- - - Fom o - - - R R F---Fo o4
Y ! * o
! * o

% ! * o
20 4+------ Ho-- - R R Ho-m - Fo- - - Fom o - - - R R H---Fo o4

! * o

! * o

1 *

0.+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--+---*--+
0.100 0.156 0.211 0.267 0.323 0.378 0.434 0.490 0.546 0.601 0.657
* 0.1E-02

CONCENTRATI ON

(conti nued)
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TABLE 7-9. MAIN QUTPUT FILE FOR EXAMPLE 3 (concl uded).
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

1
C 100 +------ [ R [ L - L L Foeennn Foeenne Foeennn L *
U ! *1
M 1 1
U 1 * |
L 80 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +
A 1 *
T 1 1
| 1 * 1
V 60 +------ [ R [ L - L L Foeennn Foeenne Foeennn L +
E 1 1
1 1
E 1 1
R 40 +------ [ R, [ R L - L Foeenne Foeennn Feeennn Foeennn +-Fo oo+
E 1 1
Q 1 1
U 1 * 1
E 20 +------ [ R, [ R L - L Foeenne Foeennn Feeennn Foeennn Feeonnn +
N 1 1
C 1 1
Y ! !
0 +*************************************************************** ______ +
0.100 0.156 0.211 0.267 0.323 0.378 0.434 0.490 0.546 0.601 0.657
* 0.1E-02

CONCENTRATI ON
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TABLE 7-10. FIRST PAGE OF THE SAT1. QUT FI LE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

. 47457E- 03
.47974E- 03
. 48608E- 03
48800E- 03
. 49012E- 03
49224E- 03
49897E- 03
. 49929E- 03
49976E- 03
50186E- 03
. 50328E- 03
50413E- 03
50599E- 03
. 50715E- 03
50830E- 03
50845E- 03
. 50892E- 03
50896E- 03
50899E- 03
. 50927E- 03
50953E- 03
51086E- 03
.51110E- 03
51265E- 03
51344E- 03
. 51375E- 03
51534E- 03
51589E- 03
.51801E- 03
51807E- 03
51846E- 03
.52211E-03
52246E- 03
52261E- 03
. 52275E- 03
52347E- 03
52361E- 03
. 52425E- 03
52430E- 03
52450E- 03
. 52490E- 03
52494E- 03
52552E- 03
. 52583E- 03
52599E- 03
52603E- 03
. 52615E- 03
.52751E- 03

C 000000000000 00000000000000000000000000000000000
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TABLE 7-11. STATS. QUT FILE FOR EXAMPLE 3.
44444444444444444448444844444484444444444444444444484448444844444444444444444444444444444444444444

1 RESULTS -----

SATURATED ZONE TRANSPORT
Exanpl e 3 i nput

Subtitle D application
90. PERCENT CONFI DENCE | NTERVAL

N = 500

MEAN = 0.573E-03

STANDARD DEVI ATI ON = 0.346E-04

COEFFI Cl ENT OF VARIATION = 0. 604E-01

M NI MUM VALUE = 0.475E-03

MAXI MUM VALUE = 0.657E-03

50t h PERCENTI LE = 0.573E-03 0. 570E- 03 0. 576E- 03
80t h PERCENTI LE = 0.602E-03 0. 599E- 03 0. 605E- 03
85t h PERCENTI LE = 0. 608E-03 0. 605E- 03 0. 614E- 03
90t h PERCENTI LE = 0.619E-03 0. 614E- 03 0. 623E- 03
95t h PERCENTI LE = 0.634E-03 0. 626E- 03 0. 640E- 03

-999 UNABLE TO COWMPUTE CONFI DENCE BOUND DUE TO | NSUFFI CI ENT DATA

VALUE % OF TIME EQUALLED % OF TIME | N | NTERVAL
OR EXCEEDED

0. 100E- 03 100. 000
0. 000

0. 156E- 03 100. 000
0. 000

0. 211E-03 100. 000
0. 000

0. 267E- 03 100. 000
0. 000

0. 323E- 03 100. 000
0. 000

0. 378E- 03 100. 000
0. 000

0. 434E- 03 100. 000
0. 800

0. 490E- 03 99. 200
21.400

0. 546E- 03 77.800
56. 800

0. 601E- 03 21.000
20. 800

0. 657E- 03 0. 200
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APPENDI X A

CODE STRUCTURE AND | NPUT DATA FORVAT

MULTI MED consi sts of a number of nopdul es, the theoretical details of which are
described in Sal hotra et al. (1990). It is inmportant for the user to understand
the capabilities and limtations of these nodul es. However, because an

i nteractive preprocessor, PREVED, has been devel oped to create or edit input, the
average user need not understand the format of the input files or the structure
of the code. For advanced users, who wish to nodify the code or to examnmine the
input files without the use of the preprocessor, this chapter provides an
overvi ew of the code structure and input file format. Much of the information in
this appendi x is based on material in Salhotra and M neart (1988). No

i nformati on about the pre- and postprocessors for MIUTIMED i s included.

A.1 MODEL STRUCTURE

The code consists of a nunber of subroutines. The organization of the
subroutines is shown in[Figure A1l In addition, a list of all the subroutines,
the calling subroutine/program and a brief description of the subroutines is

i ncluded in Appendi x B. Each subroutine includes several coment statenents that
describe the function of the subroutine. The arguments of each subroutine are
divided into three categories: 1) argunents that are passed to the subroutine by
the calling program 2) argunents that are nodified within the subroutine, and 3)
argunents returned by the subroutine to the calling program

A.2 I NPUT AND QUTPUT FILE UNITS

To run the nodel, one or two input files are needed, depending on the options
sel ected by the user. The location of the open statements for these files, the
default unit nunbers, file nanmes, and contents are shown in Table A-1.

The nodel generates a number of output files. The location of the open
statenments for these files, the associated default unit numbers, file nanes, and
a brief description are given in Table A-2.

The user specifies the nane of the main output file. |In deterninistic node, this
file contains an echo of the input data and the cal cul ated contam nant
concentration(s) at the receptor(s) of interest. |In Mnte Carlo node, the file

consi sts of an echo of input paraneters, selected statistical results, and
printer plots of frequency and cumul ative frequency.

Two additional types of files are also generated. These are designated as the
* VAR and *.OUT files, where the "*" refers to a specific type of data for the
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Subroutine organi zation tree for MILTIMED (from Sal hotra
and M neart, 1988).
(conti nued)
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Figure A.1 Subroutine organization tree for MILTIMED (from Sal hotra

and M neart,

1988). (concl uded)
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Tabl e A-1. | NPUT FILES NEEDED I N MJULTI MED
A444444444444444444444444444444444444444444444444444444444444444444

Opened In Uni t Narme Descri ption
2211111113333333333333333333333311311111113333333333133333331))))))))
MAI N | QUT7=7 USER- SPECI FI ED Main input file. Required

to run the nodel.

ADI SRD | UNT28=28 FREQ I N Contains information
descri bing the w nd-
stability joint frequency
di stribution for
cont am nant transport
in the air (see Section
A.5.9.1).

233333333333113333333333333113333333333331133333333333313113))))))))

.VAR files and a specific module for the .QUT files. The *.VAR files contain the
val ues of the randonl y-generated variables, any derived variabl es used for each
Monte Carlo simulation run, and the values of any deterninistic variables. The
.QUT files contain the nodel results for each Monte Carlo sinulation. Thus, for
typical Monte Carlo sinulations, these files will contain 500 to 2000 val ues.
Results of statistical anal yses (nmean, nedian, and percentiles) of the values in
the *.OUT files are included in the main output file and in the file STATS. OUT.

The BATCH. ECH file contains an echo of all the data in the input file and
i ncl udes any error messages generated while reading the data. Errors in reading
the data will stop execution of the program

Two of the output files may be used with the postprocessor, POSTMED. The data in
SAT1. QUT can be used by the postprocessor to generate frequency and cunul ative
frequency plots. For transient, deterninistic simulations, plots of
concentration versus tine can be generated by the postprocessor using data in the
main input file.

A.3 COVMMVON BLOCKS AND PARAMETER STATEMENTS

Most vari abl es are passed between subroutines through the use of comon bl ocks.
There are a total of 54 common blocks in the nodel (i.e., excluding those
associ ated with the pre- and postprocessors), each containing a related set of
vari abl es. The common bl ocks are contained in files which are accessed by the
code during conpilation through the use of | NCLUDE statenments |ocated at the
begi nni ng of each subroutine.

Par amet er statenents are used to define all /O (Input/Qutput) unit numbers and
array dinmensions in the nodel. Any array di nensions or |/O nunbers can be
changed by assigning a new value to the variable in the appropriate paraneter
statement. The entire code nust be reconpiled and linked if changes are made to
any paraneter statenent.
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TABLE A-2. OUTPUT FI LES GENERATED BY MULTI MED
A444444444444444444444444444444444444444444444444444444444444444444

Opened In Uni t Nane Descri ption
2211111113333333333333333333333311311111113333333333133333331))))))))

MAI N louT = 1 user-specified Mai n output file

SOPEN | UNT8 = 8 AQUI FER. VAR Val ues of aquifer variabl es

generated for Monte Carlo
si mul ati ons.
SOPEN | UNT13 13 CHEM CAL. VAR Val ues of chem cal vari abl es
generated for Monte Carlo
si mul ati ons.

SOPEN | UNT14 = 14 SOURCE. VAR Val ues of source vari abl es
generated for Monte Carlo
si mul ati ons.

SOPEN | UNT15 = 15 SURFACE. VAR Val ues of surface water
vari abl es generated for Mnte
Carl o simul ati ons.

SOPEN | UNT16 = 16 VFLOW VAR Val ues of unsaturated zone
mat eri al vari abl es and
functional parameters generated
for Monte Carl o sinulations.

SOPEN | UNT17 = 17 VTRNSPT. VAR Val ues of unsaturated zone
transport variabl es generated
for Monte Carl o sinulations.

SOPEN | UNT18 = 18 Al R. VAR Val ues of Air Eni ssions and
Di spersi on Mdul e vari abl es
generated for Monte Carlo
si mul ati ons.

BATI N BATOUT

19 BATCH. ECH Echo of the batch input file
and list of any errors in the
i nput dat a.

SOPEN VFOUT 20 VFLOW OUT Results fromthe Unsaturated
Zone Fl ow Modul e.

SOPEN VTOUT = 21 VTRNSPT. OUT Concentrations at the water
tabl e conmputed by the
Unsat urat ed Zone Transport
Modul e.

(conti nued)
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Descri ption

Downgr adi ent wel |
concentrati ons conputed by
Sat ur at ed Zone Transport
Modul e.

Results from Air Em ssions
Modul e and the receptor
concentrations for the Air
Di spersi on Modul e.

Results fromthe Surface
Wat er Modul e.

Sunmary statistics of the
receptor concentrations
(groundwat er, atnosphere,
surface stream.

Downgr adi ent wel |
concentrations sorted in
ascendi ng order (CDF of
concentrations).

Val ues of landfill materia
par anet ers generated for
Monte Carl o sinul ations.

Val ues of liner properties
generated for Monte Carlo
si mul ati ons.

TABLE A-2. QUTPUT FILES GENERATED BY MULTI MED (concl uded)
A444444444400444444804444444000444444844444444804444444444444444444444
Opened In Uni t Nane
2211111113333333333333333333333311311111113333333333133333331))))))))
SOPEN STOUT = 22 SAT. QUT

SOPEN AROUT = 23 Al R QUT

SOPEN STOUT2 = 24 SURFACE. QUT

MAI N | STAT = 25 STATS. QUT

MAI N | UNT27 = 27 SAT1. QUT

SOPEN | UNT29 = 29 LANDFM VAR

SOPEN | UNT30 = 30 LANDFL. VAR

SOPEN [ UNT31 = 31 LANDFH. VAR

Val ues of hydrol ogy para-
nmeters generated for Monte
Carl o simul ations.

23333333333313133333333333313113333333333331133333333333313133))))))))

The main output contains an echo of the input data, printer plots, and

sel ected statistical
si mul ati ons.

I n addition,
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A.4 STRUCTURE OF THE | NPUT FI LES

The overall structure of the main input file is shown in Figure A 2. The first
two cards contain the title of the sinmulation. The remaining cards in the file
contain the data necessary to run MILTIMED. These data are clustered into a
nunber of groups, each of which contains a specific type of data that is input
usi ng one or nore DATA CARDS. The data groups are divided into subgroups, with
each subgroup containing a set of data specific to the group within which the
subgroup is |ocated. The structure of each data group/subgroup is illustrated in
Figure A.2. In addition to the DATA CARDS, the input file contains DATA

GROUP/ SUBGROUP SPECI FI CATI ON CARDS, END CARDS, and if desired, one or nore
COMMENT CARDS

The data for the nodel are divided into nine nmajor groups. These groups are
listed in Table A-3 along with the appropriate code for the GROUP SPECI FI CATI ON
CARD. Each data group is read in as a unit, with the beginning identified by the
GROUP SPECI FI CATI ON CARD and the end by the END CARD. The data cards are

sandwi ched between these two cards. Further, the data group may contain one or
nore subgroups that are also listed in Table A-3. Note that the structure of a
subgroup is exactly the sane as that for a group--i.e., a subgroup is identified
by a SUBGROUP SPECI FI CATI ON CARD and term nated by an END CARD, with the subgroup
data sandwi ched between the two cards. A data file need contain only those data
groups (and subgroups within a data group) that are necessary to run the options
sel ected by the user.

The options selected by the user and indicated in the General Data Group wll
deternmine which additional groups of data are necessary. For exanple, if the
user has specified within the General Data Group that only the Saturated Zone
Transport Mdule will be run, the Unsaturated Zone Flow and Transport Data G oups
(VFL, VTP) are not necessary. Also note that the structure of the input file
allows the required data groups to be arranged in any order

A.4.1 Coment Cards

COWMENT CARDS are indicated by the presence of three asterisks, '***'.  The group
of '"***' can be input starting at any colum of the card but nmust be the first

t hree non-bl ank characters. The COWMMENT CARDS are useful for separating data
types and can be used to include other hel pful conments. Note that there are no
restrictions as to the |location and nunber of COMMENT CARDS, except that they
cannot be the first two cards in the data file.

A.4.2 Data G oup/ Subgroup Specification Card., End Card. and Data Cards

The DATA GROUP/ SUBGROUP SPECI FI CATI ON CARD i ndi cates the begi nning of a specific
data group and includes the G oup (Subgroup) Specification Code (Table A-3) in
colums 1 to 3. For exanple, if the DATA GROUP SPECI FI CATI ON CARD contai ns the
letters "AQU in colums 1 to 3, it inplies that the follow ng cards, up to and
i ncluding the corresponding 'END card, contain aquifer data.

Wth the exceptions discussed in Section A5, each DATA CARD contains information
about one variable only. Typically the card will contain the variable
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Figure A 2
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Tabl e A-3. | NPUT DATA GROUPS AND SUBGROUPS | N MULTI MED
A444444444444444444444444444444444444444444444444444444444444444444

Data G oup G oup Specification Code
2211111113333333333333333333333311311111113333333333133333331))))))))
1. General Data GEN
2. Sour ce Data SQU
3. Landfill Data LFL
4. Chem cal Data CHE
5. Unsat ur at ed Zone Fl ow Data VFL
6. Unsat urat ed Zone Transport Data VTP
7. Aqui fer Data AQU
8. Surface Water Data SUR
9. Air Em ssions and Di spersion Data Al R
DD000000000000000000000 0000000000000 000000000000)0)))))
Subgr oups Subgroup Specification Code
2111111113333333333333333333333331311111113333333333133333331))))))))
1. Array Data ARR
2. Enpirical Distribution Data EMP
3. Control Data CON
4. Spatial Discretization Data SPA
5. Material Property Data SAT
6. Mat eri al Specification Data MAT
7. Unsat ur at ed Zone Moisture Data SO

8. Unsat urat ed Zone Transport Properties Data TRA
9. Unsat urated Zone Time Stepping Data TI M
10. Landfill Liner Data LIN
11. Layer ldentification Data LAY
12. Hydrol ogy Data HYD

2333333333333133333333333313113333333333331133333333333313113))))))))

speci fication index, variable nane, Monte Carlo distribution type, distribution
paraneters, and the upper and | ower bounds of the distribution. To the extent
possi bl e, consistent formats for the DATA CARDS have been naintai ned for the

di fferent data groups.

The term nation of a data group and/or a subgroup is indicated by the END CARD
whi ch contains the word END in the first three col ums.

A.4.3 Specification of Paraneter Val ues

Wthin each group, except the General Data G oup, there are a nunber of variables
whose val ue can be specified in one of three ways: 1) the variable may be
assigned a constant value, 2) the variable may be derived within the code using
functional relations--for exanple, the aquifer porosity may be derived fromthe
particle dianmeter, or 3) the variable nmay be assigned a distribution and the

val ue randomy generated in the Monte Carlo sinulation. The nunerical codes
associ ated with each distribution type are listed in Table A-4. Depending on
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Tabl e A-4. DI STRI BUTI ONS AVAI LABLE AND THEI R CODES
A444444444400404444804444444000444444844444444804444444444444444444444
Di stribution Type Di stribution Code

2333333333333133333333333313113333333333331133333333333313133))))))))

Const ant

Nor mal

Lognor mal

Exponenti a

Uni form

Logl0 Uniform

Enmpirica

Johnson SB

Gel har?

Derived Dispersivity® 10

Derived Vari abl e® -1
21211111113333333333333333333333311311111113333333333)33333331))))))))

coO~NOUITRWNELO

2 Gel har's distribution applies only to the saturated zone dispersivities.
For details, refer to Section 6.5.10.

The derivation of the saturated zone dispersivities using distribution
code 8 is described in Section 5.5.3.5 of Salhotra et al. (1990).

¢ For paraneters other than the spread of the source or the source
t hi ckness (m xing zone depth), a -2 is interchangeable with a -1.

Not e: The seven Monte Carlo distributions (distribution code 1-7) are
described in Section 9.4 of Salhotra et al. (1990).

233333333333313333333333331313333333333333113333333333331133)3))))))

the distribution selected for a particular variable, the required input data wll
vary. Refer to Section 9.4 of Salhotra et al. (1990) for information about the
seven Monte Carlo distribution options. Section 5.5.3.5 of Sal hotra et al

(1990) or Section 6.5.10 of this docunent explain the Gel har distribution and the
derivation of dispersivity.

A.4.4 The Array Subgroup

The contents and format for the Array Subgroup are shown in Table A-5. The first
card is the SUBGROUP SPECI FI CATI ON CARD, with the code ARR in the first three
colums. This card is followed by one card for each variable in the group

Those cards contain values/distributions, and | ower and upper bounds for the

i ndi cated variables. For exanple, when the ARR subgroup is included within the
Aqui fer Group Data, the subgroup will contain cards describing the aquifer-
specific variabl es such as porosity, dispersivities, etc. The specific variables
wi thin each group are discussed in Section A 5. Note that the nunber of cards
within the Array Subgroup varies because the various groups and subgroups have

di fferent nunbers of input variables. The variable being input is identified by
the value of the Index |
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Tabl e A-5. CONTENTS AND FORVAT OF A TYPI CAL ARRAY SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat

21211111113333333333333333333333311311111113333333333)33333311))))))))

Al " ARR' A3

A2 I, NAME(I), NDSTPRM 1), ARRPRM I, 1) 12, 1X, A50, 7X,
ARRPRM |, 2), BOUND(I, 1), BOUND(I, 2) 10, 5X, 4F10.0

A3 " END' A3

Not e: Card/line A2 is repeated for each variable within the group.

I))313)313133331331313131313133131313131313113131313)3)))0))))3)))))
Definition of Contents

233333333333113333333333333113333333333331133333333333313113))))))))

" ARR" Subgroup Specification Card indicating the start of the Array
Subgr oup.

I Integer which identifies the variable being input. See the
i ndi vidual data group tables for the values of | for specific
vari ables. Note that | is not a counter.

NAME( 1) Nane of variable |I. It is used to identify the variables in the
output files.

NDSTPRM 1) I nteger which identifies the type of distribution used for
variable | (e.g., constant, derived, or one of the Monte Carlo
di stributions). See Table A-4

ARRPRM | , 1) Mean val ue for variable I.

ARRPRM | , 2) St andard devi ation for variable I.

BOUND( | , 1) M ni mum al | owed val ue (|l ower bound) for variable I.
BOUND( | , 2) Maxi mum al | owed val ue (upper bound) for variable I.
" END" End Card indicating the end of the Array Subgroup.

233333333333313333333333333133333333333331133333333333313133))))))))

The val ue of the integer variable NDSTPRM 1) in Table A-5 indicates the type of
di stribution chosen for the variable identified by the index |I. The avail able
options and val ues of the integer variable NDSTPRM ) are listed in Table A-4.
If any of the variables are specified to have an Enpirical distribution
(NDSTPRMI) = 6), then it is necessary to include the EMPI Rl CAL SUBGROUP, the
details of which are described in Section A.4.5. Note that if the variable is
specified to be a constant (NDSTPRM 1) = 0), the value input as nean for the
correspondi ng variable (ARRPRM1,1)) is used in the sinulations. The end of the
Array Subgroup is indicated by an END CARD.

A.4.5 The Enpirical Distribution Subgroup

The contents and format for the Enpirical Distribution Subgroup are shown in
Table A-6. The first card is the SUBGROUP SPECI FI CATI ON CARD, with the code EMP
inthe first three colums. The next card identifies the variable (using the
index 1) that has an enpirical distribution and the number of coordi nates of the
enpirical cunulative distribution function that are being input. A maxi mum of 20
coordi nates can be input.

The next set of cards (two cards, if fewer than 10 coordinate pairs are input, or
four cards, if nmore than 10 coordinate pairs are input) contain the probabilities
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(in ascending order) and the correspondi ng values of the variable. Variable
val ues corresponding to cunul ative probability values of zero and unity nust be
provided. Note that all the cunul ative probability coordinate val ues are first
i nput, foll owed by an equal nunber of the correspondi ng variable values. The
above procedure is repeated for each of the variables that have enpirica
distributions. The end of the subgroup is indicated by the END CARD

A.5 FORVMAT OF THE DATA GROUPS

As was stated above, DATA CARDS 1 and 2 contain the title of the run, with a
maxi mrum of 80 col ums per card. DATA CARDS 3 through the end contain data
specific to one or nore groups/subgroups. The specific formats for each data
group are described below. The data groups do not have to be input in the order
in which they are discussed. However, it is recommended that the General Data
Group be input first. An END CARD nust be put at the end of the data file
following the end of the last data group

A.5.1 General Data G oup

The contents and format of the General Data Group are shown in Table A-7. This
group can contain up to six cards. The first card is the GROUP SPECI FI CATI ON
CARD and has the code GCEN in the first three colums. The second card contains

t he nane of the chenmical being sinulated. Card three contains a nunber of

vari abl es that enable the user to select the nodel options. A schematic show ng
key options pertaining to the Saturated Zone Mddule is indicated in Figure A 3.
If transport in a stream (Surface Water Module) is sinulated, the variable XST is
the fourth card and indicates the distance fromthe point of groundwater plune
interception to the water supply intake. The next card, i.e. values of TPSTN(I),
is necessary only if the Saturated Zone Module is run in the unsteady state and
contains the tine values at which the saturated zone results are to be conputed.
The final card is the END CARD that indicates the termi nation of this set of
data. Table A-8 is an exanple of a typical General Data G oup.

A. 5.2 Source Data G oup

The contents and format for the Source Data Group are shown in Table A-9. This
group describes the contam nant source-specific data. The first card is the
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Tabl e A-6. CONTENTS AND FORMAT OF A TYPI CAL EMPI RI CAL DI STRI BUTI ON SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
233311333311333333333333333331333331333333133333333333333333010)3)))))

El " EMP" A3

E2 I, 1 COUNT 2110

E3 EMPPRM(J, 2, 1), J= 1,1 COUNT 10(F8.0, 2X)

E4 EMPPRM(J, 1,1), J= 1,1 COUNT 10(F8.0, 2X)

E5 " END" A3

Not e: Card/lines E3 and E4 are repeated twice if nmore than 10 coordi nates are

input. Card/lines E2, E3, and E4 are repeated if nore than one variable
has an enpirical distribution.

I))313)313133331331313131313133133131313131))1331313131)))))0))))))))))
Definition of Contents

213333333333313333333333331311333333333333113333333333331133))))))))

" EMP" Subgroup Specification Card indicating the start of the Enpirical
Di stribution Subgroup.

I Integer which identifies the variable being input. See the
i ndi vidual data group tables for the values of | for specific
vari ables. Note that | is not a counter.

| COUNT Nunber of coordinates of the enpirical cumulative frequency
di stribution.

EMPPRM J, 2,1) Curul ative probability (coordinate) values for the enpirical
distribution for variable I.

EMPPRM J, 1,1) Correspondi ng vari abl e val ues associated with the above
probabilities.

" END" End Card indicating the end of the Enpirical Distribution
Subgr oup.

233333333333313333333333333133333333333331133333333333313133))))))))
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Tabl e A-7. CONTENTS AND FORMAT OF THE GENERAL DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Cont ent s For mat

I))313)3131313313313131313131331331313131313)13131313)3)))0))))))))))

Gl " GEN" A3

e CHEM CAL 80A1

&3 OPTI ON, | SOURC, OPTAI R, 315, 5X, Al3, 2X
RUN, MONTE, ROUTE, | STEAD, 715, F5.0, 315

NT, 1 OPEN, |YCHK, |ZCHK
PALPH, LANDF, APPTYP, COVPLETE

e XST F10.0
€3 TPSTN(1), | =1, NT 10(F8.0, 2X)
€3 " END" A3

I))313)313133331331313131313133133131313131))13131313))))))))))))))))
Definition of Contents

233333333333313333333333331311333333333333113333333333331133))))))))

" GEN' Group Specification Card indicating the start of the General Data
G oup.
CHEM CAL Nanme of chem cal being simulated.
OPTI ON I nt egers defining which scenario to run.
1 Sat urated Zone Transport Mdul e only
2 Unsat urated and Saturated Zone Mdul es
3 Unsat urat ed, Saturated and Surface Water Modul es
4 Sat urated Zone and Surface Water Modul es
6 Air Modul es only
| SOURC Flag indicating the type of saturated zone boundary condition.
0 Gaussi an source
1 Pat ch source
OPTAI R Flag indication which air nodules to run.
0 No air nodul es are run
1 Ai r Em ssions Mdul e run
2 Air Em ssions and Air Dispersion Mdules run
RUN Flag indicating the type of run.
DETERM NI STI C
MONTE
MONTE The nunber of Monte Carlo simulations to be performed.
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Table A-7.
VYWV Y V.Y V.V VY.V V.YV V. O V.Y .V V. V.V V.V V. V.V V... V.V V.V V. V.V V. V. V.V V. V.. V. . V.V V. V.. V. V. V.V.V.V.V.}

CONTENTS AND FORVAT OF THE GENERAL DATA GROUP (conti nued)

Definition of Contents

2333333333333133333333333313113333333333331133333333333313133))))))))

ROUTE

| STEAD

| OPEN

XST

TPSTN( 1)

I YCHK

| ZCHK

PALPH

LANDF

NF, O

Flag indicating the exposure route for the Surface Water Mdul e.
(This paraneter is ignored if not running the Surface Water
Modul e.)

Human exposure through drinking water

Human exposure through fish consunption

Exposure to aquatic organi sns

Flag indicating unsteady- or steady-state sinulation of the
unsat urated and saturated zone transport.

Unst eady-state

St eady-state

Nunber of time steps for which unsteady-state saturated zone
transport results are required.

Integer flag indicating the information to be output.
Opens all *.VAR and *. QUT files

Opens only the main output file, STATS. QUT, and SAT1. OUT
Opens only the main output file and STATS. OUT

I nst ream di stance between the point of groundwater |oading to the
downstream wat er supply intake. Include only when running the
Surface Water Mbdul e.

Ti mes at which unsteady-state transport results for the saturated
zone are required (Needed only when | STEAD = 0).

Flag for rejecting well |ocations outside of the groundwater plune
wi dth when in Monte Carl o node.

Rej ects the generated receptor well |ocation y-coordinate val ue
Does not reject the generated y-coordinate val ue

Flag for rejecting well |ocations outside of the groundwater plune
depth when in Monte Carl o node

Rej ects the generated receptor well |ocation z-coordinate val ue
Does not reject the generated z-coordinate val ue

The sel ected confidence level, in percent, for the four estimated
percentiles (80th, 85th, 90th, 95th).

Flag for running the Landfill MNbdul e.

Do not run the Landfill Mbdul e

Run the Landfill Modul e
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Table A-7. CONTENTS AND FORMAT OF THE GENERAL DATA GROUP (concl uded)
VYWV Y V.Y V.V VY.V V.YV V. O V.Y .V V. V.V V.V V. V.V V... V.V V.V V. V.V V. V. V.V V. V.. V. . V.V V. V.. V. V. V.V.V.V.V.}
Definition of Contents

2333333333333133333333333313113333333333331133333333333313133))))))))

APPTYP Flag for the type of application being simulated.
1 Generic MILTI MED appli cation
2 Subtitle D MIULTI MED appli cation
COVPLETE Flag indicating whether all the necessary input paranmeters have
been defined (paraneter used in the preprocessor).
0 Undefined paraneters exist in the input
1 No undefined paraneters exist in the input
" END" End Card indicating the end of the General Data Subgroup

233333333333113333333333333113333333333331133333333333313113))))))))

GROUP SPECI FI CATI ON CARD, with the code SOQU in the first three colums. This is
foll omed by the Array Subgroup, which is indicated by the SUBGROUP SPECI FI CATI ON
CARD with the code ARR in the first three colums. Details of the Array Subgroup
were presented in Table A-5 and Section A 4.4. This subgroup contains an array
of information about the val ues and/or the distributions and | ower and upper
bounds of (up to) nine source-specific variables. The variables associated with
each index | are listed in Table A-10.

If any of the variables are specified to have an enpirical distribution
(NDSTPRMI) = 6), then it is necessary to include the Enpirical Distribution
Subgroup discussed in Section A.4.5. |If none of the source-specific variables
have an enpirical distribution, this subgroup is not necessary.

O the nine variables included in this group, three can be derived. These are
the spread of input source, the length scale, and the width scale of the
facility. Thus, NDSTPRM 4), NDSTPRM 8), and NDSTPRM 9) can have val ues | ess than
zero (see Table A-4). The methods used to derive these variables are di scussed
in Section 5.5.1 of Salhotra et al. (1990) or Section 6.2 of this manual.

Note that if the user specifies LANDF=1 in the General Data G oup (i.e., uses the
Landfill Module to conpute infiltration) the value of infiltration specified in
the Source Data Group (Table A-10) is ignored.

An END CARD indicates the end of the Source Data G oup.

A.5.3 Landfill Data G oup
This group contains data required by the Landfill Mdul e and consists of four
subgroups. It is required only if the infiltration is not input by the user in

the Source Data Group. The subgroups and the associated codes are |isted bel ow
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Figure A 3
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TABLE A-8. EXAMPLE OF A TYPI CAL GENERAL DATA GROUP
A4444444444444444444444844484448444444444444444444444448444844444444444444444444444444444444444444
GENERAL DATA

***  CHEM CAL NAME FORNVAT(80A1)
DEFAULT CHEM CAL

*x | SOURC ROUTE NT I YCHK  PALPH APPTYP
*+xOPTION  OPTAIR RWN MONTE | STEAD | OPEN | ZCHK LANDF  COMPLETE
3 0 0 DETERMNISTIC 500 1 1 1 0 ©0 190 1 1 0

*#% XST
1000. 00
END GENERAL
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Tabl e A-9. CONTENTS AND FORVAT OF THE SOURCE- SPECI FI C DATA GROUP
A444444444444444444444484448444444444444444444448444844484444444444444444444444444

Card Contents For mat
23313131331331333333331333331331333331331333333333333333333333303303)0)3))))))

S1 " soU A3

Al- A3 Array Subgroup (See Tabl e A-5)
El- E5 Empirical Distribution Subgroup (See Tabl e A-6)
S2 " END" A3

21)133333333111333333333211333333333131)333333333131133333)33013133)3)))))0)))))
Definition of Contents

23131313333313133333313131333333313131333331313333333333333333333030303333)3)))

" soU Group Specification Card indicating the start of the Source Data G oup.
Array Subgroup Subgroup defining the source variabl es.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of the Source Data G oup.

23131313333313133333313131333333313131333331313333333333333333333030303333)3)))

Subgr oup Specification Code Refer to Table
Control Data CON A-11
Layer Thi ckness and LAY A-12
Material Data
Li ner Property LIN A-13
Dat a
Landfill Material SAT A-15
Property Data
Hydr ol ogi ¢ Data HYD A- 17

The first card of this group is the GROUP SPECI FI CATI ON CARD and includes the code LFL in the first three colums. The next card is the first subgroup
specification card and includes the appropriate code shown above. Data for each of the subgroups of the Landfill Mdul e are described bel ow. None of the
variables in this group can be derived (i.e., they cannot have a distribution type of -1).

Note that some of the input units for the Landfill Mdule are non-netric. These data are automatically converted fromthe input units to the netric
system of units by the code before conputations are perforned.
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TABLE A-10. VARIABLES I N THE SOURCE- SPECI FI C ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

SOURCE SPECI FI C VARI ABLE DATA

ARRAY VALUES

il SOURCE SPECI FI C VARI ABLES

il VARI ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
il MEAN STD DEV M N

B R R R R R R R R R R R R R R

1 Infiltration rate (myr) 0 -999. -999. 0. 100E- 09 0. 100E+11
2 Area of waste disp unit (m2) 0 -999. -999. 0. 100E- 01 -999.
3 Duration of pulse (yr) 0 -999. -999. 0. 100E- 08 -999.
4 Spread of contam nant srce (m -1 -999. -999. 0. 100E- 08 0. 100E+11
5 Recharge rate (myr) 0 -999. -999. 0. 100E- 09 0. 100E+11
6 Source decay constant (1/yr) 0 -999. -999. 0. O00E+00 -999.
7 Init conc at landfill (ng/l) 0 1.00 -999. 0. 0O00E+00 -999.
8 Length scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11
9 Wdth scale of facility (m -1 -999. -999. 0. 100E- 08 0. 100E+11

END ARRAY
END SOURCE SPECI FI C VARI ABLE DATA
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A.5.3.1 Landfill Control Data Subgroup--

Tabl e A-11 describes the landfill control subgroup and the default values. Data
in the other subgroups vary depending on the val ues specified in this subgroup

A.5.3.2 Layer Thickness and Material Data Subgroup--

Tabl e A-12 describes the layer thickness and naterial data necessary for the
Landfill Mdule. The data consist of the |ayer thickness and the material nunber
associated with each layer. The material nunbers correspond to the order in
which the material properties are read in as part of the Material Properties
Subgroup described in Section A 5. 3. 4.

A.5.3.3 Liner Property Data Subgroup--

Liners are | ow perneability sheets of rubber or plastic naterials which are used
as barriers to vertical flow. A description of the liner property data can be
found in Table A-13. There should be one set of data for each liner (LFCP(4)) in
Tabl e A-11. These data include the liner thickness, |iner hydraulic
conductivity, percent failure of the liner and the | ayer nunber containing the
liner. The variables in this subgroup are presented in Table A-14.

A.5.3.4 Landfill Material Property Data Subgroup--

The landfill can consist of a nunber of different materials (the nunber specified
by the value of LFCP(2) in Table A-11) with different hydrogeol ogi cal properties.
The properties for each of the materials are included in this subgroup. Details
of the contents and formats of this subgroup are shown in Tables A-15 and A-16.
VWhen the landfill consists of nore than one material, information about each
material is input using an Array Subgroup. These naterials are subsequently
identified by the order in which the Array Subgroups appear. Thus, nmateria
nunber 4 would refer to the material that has properties included in the fourth
Array Subgroup. The termination of data for each material is indicated by an END
CARD. The end of the Landfill Material Property Data Subgroup is also indicated
by an END CARD.

A.5.3.5 Hydrol ogic Data Subgroup--

A wat er bal ance approach is used to estimte the average infiltration rate over

the duration of an "event." An event is defined as the typical period between
the start of two sequential stornms, and includes both the stormduration and the
inter-storminterval. Table A-17 describes the contents and format of the

Hydrol ogi ¢ Data Subgroup required to performthis balance. The hydrol ogic
paraneters are presented in Table A-18.

A.5.4 Chenical Data G oup

The contents and format of the Chenical Data Group are shown in Table A-19. The
first card is the GROUP SPECI FI CATION CARD, with the code CHE in the first three
colums. The second card is the SUBGROUP SPECI FI CATI ON CARD, with the code ARR
inthe first three colums. This subgroup contains the array of information
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Tabl e A-11. CONTENTS AND FORVAT COF THE LANDFI LL MODULE CONTROL DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
2211111113333333333333333333333311311111113333333333133333331))))))))

Vi "LFL" A3

co2 " CON' A3

cos CURVE, LFCP(1), | = 1,6 F10.0, 6110
ca " END" A3

I))313)3131333313313131313131331331313131313)13131313)3))))0))))))))))
Definition of Contents

2333333333333133333333333313113333333333331133333333333313133)3))))))

"LFL" Group Specification Card indicating the start of the Landfill
Modul e Data G oup.

CON Subgroup Specification Card indication the start of the Landfill
Modul e Control Data Subgroup.
CURVE SCS curve nunber for noisture condition AMC-11.
LFCP( 1) Nunber of layers in the Landfill Mbdul e.
LFCP( 2) Nunber of different porous materials. Maxi num perm ssible is 20.
LFCP( 3) Paranmeter indicating the type of relationship used for relative
permeability versus saturation.
1 van Genuchten functional paraneters
2 Brooks and Corey functional paraneter
LFCP( 4) Nunber of liners in the landfill.
LFCP( 5) Nunber of seasons.
LFCP( 6) Par amet er indicating nethod for cal cul ati ng evapotranspiration.
(Only one option is available in the current version of the code.)
0 Seasonal potential evapotranspiration read in
LFCP(7) Nunber of the layer which is the lateral drainage layer. Enter O
if there is no |ateral drainage |ayer.
" END" End Card indicating the end of the Landfill Mdule Control Data
Subgr oup.

2333333333333133333333333313113333333333331133333333333313113))))))))
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Table A-12. CONTENTS AND FORVAT OF THE LANDFI LL MODULE LAYER THI CKNESS AND
MATERI AL DATA SUBGROUP
4444444484444444844444844444488444448484844448848444444444444444444444444444

Card Contents For mat
211111111333333333333333333333333333311111113111133333333)))))))))))

LA1 " LAY" A3

LA2 LFLAYR(1), LPROP(I) G10.0, 110

LA3 " END" A3

Not e: Card/line LA2 is repeated for each layer in the Landfill Mdule (LFCP(1)

in Table A-11).
I))313)313133331331313131313133131313131313113131313)3)))0))))3)))))
Definition of Contents

233333333333113333333333333113333333333331133333333333313113))))))))

"LAY" Subgroup Specification Card indicating the start of the Landfill
Layer Thickness and Material Subgroup.

LFLAYR( 1) Thi ckness of |ayer |I.

LPROP( 1) Mat eri al number for layer | corresponding to data read as part of
the Material Properties Subgroup (see Section A 5.3.4).

" END" End Card indicating the end of this subgroup.

2333333333333133333333333313113333333333331133333333333313113))))))))

about the values and/or the distributions and upper and | ower bounds of up to 16
cheni cal -specific variables. The variables being input are identified by the
value of the index |I. The variables associated with each index | are shown in
Table A-20. For exanple, a data card with | = 6 indicates that the card contains
i nformati on about the base catal yzed hydrolysis rate constant for the chem cal

bei ng si nul at ed.

If any of the variables are specified to have an enpirical distribution
(NDSTPRMI) = 6), then it is necessary to include the enpirical distribution
subgroup, discussed in Section A.4.5. |If none of the chem cal -specific variabl es
have an enpirical distribution, then this subgroup is not necessary.

A.5.5 Unsaturated Zone Flow Data G oup

This group contains data required by the Unsaturated Zone Fl ow Mdul e and
consi sts of five subgroups. The Control Data Subgroup should be the first
subgroup in the Unsaturated Zone Flow Data G oup. The subgroups and the
associ ated codes are |isted bel ow
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Tabl e A-13. CONTENTS AND FORVAT OF THE LANDFI LL MODULE LI NER PROPERTY
SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card

Contents For mat

2133333333331133333333333313113333333333331133333333333313133))))))))

L1 "LIN A3

LA1 " LAY" A3

LA2 LI NER(1) 15

LA3 " END" A3

Al- A3 Array Subgroup (See Table A-5)

El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)

Ll 2 "END' (Material) A3

LI 3 " END" A3

Not e: Cards/lines Al-A3 and El1-E5 need to be repeated for each liner (i.e

LFCP(4) nunber of times). The Enpirical Distribution Subgroup is needed
only if one or nore variables in the Array Subgroup has an enpirical
di stribution.

233333333333131333333333333131333333333333131333333333)331313)))))))))

Definition of Contents

2333333333333133333333333313113333333333331133333333333313113))))))))

LN

"LAY"

LI NER( 1)

Array Subgroup
Enpi ri cal

Di stribution
Subgr oup

" END"

" END"

Subgroup Specification Card indicating the start of the Landfill
Li ner Properties Data Subgroup.

Subgroup Specification Card indicating data containing |ayer
nunber associated with |liner properties.

Layer nunber associated with the foll ow ng data.
Subgroup defining the landfill |iner properties variables.

Subgroup defining any enpirical distributions.

End Card indicating the end of data for a liner (one such end card
is required for each liner).

End Card indicating the end of this subgroup.

233333333333113333333333333113333333333331133333333333313113))))))))
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TABLE A-14. VARIABLES IN THE LANDFI LL LI NER PROPERTY ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

ARRAY VALUES
*

* ok

LANDFI LL LI NER VARI ABLES

*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

e MEAN STD DEV M N MAX

LR R R R R R EREEEEEEEEEEEEEEEEEEEEEEEE RS EEEEEE RS EREEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEREEREEEEEEREEREEEREEEEEESEERERERESRESSEESS]
1 Thickness of liner (mlls) 0 -999. -999. 0. 100E- 08 -999.

2 Hydraulic conductivity (cm hr) 0 -999. -999. 0. 100 10.0

3 Failure rate of liner (% 0 -999. -999. 0. 000E+00 100.

END ARRAY

END LINER 1
END LI NER DATA
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Tabl e A-15. CONTENTS AND FORMAT CF THE LANDFI LL MODULE MATERI AL PROPERTY

SUBGROUP
A444444444404444444840444444400044444484444444404444444444444444444444
Card Contents For mat
21211111113333333333333333333333311311111113333333333)33333311))))))))
SA1 " SAT" A3
Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
SA2 "END" (Material) A3
SA3 " END" A3
Not e: Cards/lines Al-A3 and El1-E5 need to be repeated for each material (i.e

LFCP(2) nunber of times). The Enpirical Distribution Subgroup is needed
only if one or nore variables in the Array Subgroup has an enpirical
di stribution.

I))313)313133331331313131313133133131313131))13131313))))))))))))))))
Definition of Contents

233333333333313333333333331311333333333333113333333333331133))))))))

" SAT" Subgroup Specification Card indicating the start of the
Landfill Material Data Subgroup.

Array Subgroup Subgroup defining the landfill material variables.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of data for a naterial (one such

end card is required for each material).

" END" End Card indicating the end of this subgroup.

233333333333113333333333333113333333333331133333333333313113))))))))
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TABLE A-16. VARI ABLES IN THE LANDFI LL MATERI AL PROPERTY ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

SATURATED NMATERI AL PROPERTY PARAMETERS FOR LANDFI LL

ARRAY VALUES

o LANDFI LL MATERI AL VARI ABLES

ol VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

o MEAN STD DEV M N

LR R R EE R EREEEEEEEEEEEEEEEEEEEEEEEE R RS EEEEEEESEREEREEEEEEEEEREEEEEEEEEEEEEREEREEEEEEEEEEEREEREEEEEEREEEEEREEEEEESEERERERESRESSERSS]
1 Sat hydraulic conduct (cnihr) 0 -999. -999. 0. 100E- 10 0. 100E+05
2 Porosity 0 -999. -999. 0. 100E-08 1.00

3 Residual water content 0 -999. -999. 0. 100E-08 1.00

4 Brooks and Corey exponent 0 -999. -999. 0. 000E+00 10.0

5 ALFA coeff for landfill (1/cm 0 -999. -999. 0. 000E+00 1.00

6 BETA - Van Genuchten exponent 0 -999. -999. 0. 000E+00 10.0

END ARRAY

END MATERIAL 1
END SATURATED MATERI AL PROPERTY DATA
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Tabl e A-17. CONTENTS AND FORVAT OF THE LANDFI LL MODULE HYDROLOGY SUBGROUP
A4444444444444444444844484448444444444444444444444444444444444444444444

Card Contents For mat

233133133133133333333133333133133333333133333313333333303303303)0))))

HY " HYD" A3

Al- A3 Array Subgroup (See Tabl e A-5)

El- E5 Enpirical Distribution Subgroup (See Tabl e A-6)

HY2 "END" (Season) A3

HY3 " END" A3

Not e: Cards/lines Al-A3 and E1-E5 need to be repeated for each season (i.e., LFCP(5) nunber of times). The Enpirical Distribution Subgroup is

needed only if one or nore variables in the Array Subgroup has an enpirical distribution.

2111333333331113333333333113333333)31313333333333)3))3))))000))))))
Definition of Contents

23131313333313133333333131333333313133333333313333333333330333333)03)))

" HYD" Subgroup Specification Card indicating the start of the Landfill Hydrol ogy Data Subgroup.

Array Subgroup Subgroup defining the landfill hydrol ogy vari abl es.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of data for a season (one such end card is required for each season).
" END" End Card indicating the end of this subgroup.

2313131333331313133333131313333333131313333313131333333333333333333030303333)3)))
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TABLE A-18. VARI ABLES IN THE LANDFI LL HYDROLOGY ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

HYDROLOGY PARAMETERS
ARRAY VALUES
*

* ok

HYDROLOGY VARI ABLES

*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

i MEAN STD DEV M N

LR R E R EE R EREEEEEEEEEEEEEEEEEEEEEEEE RS EEEEEEE SRR R EREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEREEREEEEEEREEEEEREEEEEESEEREEREEESEESSERSS]
1 Precipitation (cm 0 -999. -999. 0. O00E+00 -999.

2 Duration of event (days) 0 -999. -999. 0. O00E+00 -999.

3 Pan evaporation (cm 0 -999. -999. 0. O00E+00 -999.

END ARRAY

END SEASON 1
END HYDROLOGY DATA
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Tabl e A-19. CONTENTS AND FORVAT OF THE CHEM CAL- SPECI FI C DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
2211111113333333333333333333333311311111113333333333133333331))))))))

c1 " CHE" A3

Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
c2 " END" A3

I))313)313133331331313131313133131313131313)13131313)3))))))))))))))
Definition of Contents

2333333333333133333333333313113333333333331133333333333313133)3))))))

" CHE" Group Specification Card indicating the start of the
Cheni cal Data G oup.

Array Subgroup Subgroup defining the chenical vari abl es.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of the Chenical Data G oup.

2333333333333133333333333313113333333333331133333333333313113))))))))

Subgr oup Specification Code Refer to Table
Control Data CON A-21
Layer Thi ckness and MAT A- 22
Mat eri al Data
Unsat ur ated Materi al SAT A-23
Property Data
Soi|l Mbisture Data sa A-25

The first card of this group is the GROUP SPECI FI CATI ON CARD and i ncl udes the
code VFL in the first three colums. The next card is the first subgroup
specification card. Data for each of these subgroups are described below. The
end of this group is indicated by an END CARD.

A.5.5.1 Unsaturated Zone Flow Control Data Subgroup--
Tabl e A-21 describes the Unsaturated Zone Fl ow Control Data Subgroup paraneters.
Data in the other subgroups vary depending on the options specified in the

Control Data Subgroup. The ternination of this subgroup is indicated by the END
CARD.
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TABLE A-20. VARIABLES IN THE CHEM CAL ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

CHEM CAL SPECI FI C VARI ABLE DATA

ARRAY VALUES

*Ex CHEM CAL SPECI FI C VARI ABLES

*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

i MEAN STD DEV M N

LR R E R EE R EREEEEEEEEEEEEEEEEEEEEEEEE RS EEEEEEE SRR R EREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEREEREEEEEEREEEEEREEEEEESEEREEREEESEESSERSS]
1 Solid phase decay coeff (1/yr) -1 -999. -999. 0. 000E+00 0. 100E+11
2 Diss phase decay coeff (1/yr) -1 -999. -999. 0. 000OE+00 0. 100E+11
3 Overall chemdcy coeff (1/yr) -1 -999. -999. 0. 000E+00 0. 100E+11
4 Acid cataly hydrol rte(l/Myr) 0 -999. -999. 0. O00E+00 -999.
5 Neutral hydrol rate cons(1/yr) 0 -999. -999. 0. O00E+00 -999.
6 Base cataly hydrol rte(l/Myr) 0 -999. -999. 0. O00E+00 -999.
7 Reference tenperature (O 0 -999. -999. 0. 000E+00 100.
8 Normalized distrib coeff(m/g) 0 -999. -999. 0. O00E+00 -999.
9 Distribution coefficient -2 -999. -999. 0. 000E+00 0. 100E+11

10 Bi odegrad coef(sat zone) (1/yr) 0 -999. -999. 0. O00E+00 -999.

11 Air diffusion coeff (cnR/s) 0 -999. -999. 0. 000E+00 10.0

12 Ref tenmp for air diffusion (C 0 -999. -999. 0. 000E+00 100.

13 Mol ecul ar wei ght (g/ nol e) 0 -999. -999. 0. O00E+00 -999.

14 Mole fraction of solute 0 -999. -999. 0. 100E-08 1.00

15 Sol ute vapor pressure (nm Hg) 0 -999. -999. 0. 000E+00 100.

16 Henry's law cons (atm nt3/ M 0 -999. -999. 0.100E-09 1.00

17 Not in use 0 -999. -999. 0. 000E+00 1.00

18 Not in use 0 -999. -999. 0. 000E+00 1.00

19 Not in use 0 -999. -999. 0. 000E+00 1.00

END ARRAY
END CHEM CAL SPECI FI C VARI ABLE DATA
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Tabl e A-21. CONTENTS AND FORVMAT OF THE UNSATURATED ZONE FLOW MODULE CONTROL

DATA GROUP
VWV VY.V V.V .YV V.V V.Y V.V V. V.V V.V VY. V.V V.. V.V V.V V. V.Y V. V. V.V V. V.. V.V V.V V. V.. V. V. V.V.V.V.V.}
Card Cont ent s For mat
I))313)313133331331313131313133131313131313)13131313)3))))))))))))))
Vi " VFL" A3
coe " CON" A3
CCB VFCP(1), | =1, 5110
c " END" A3

2333333333313113333333333333113333333333331133333333333313133))))))))

Definition of Contents

233333333333113333333333333113333333333331133333333333313113))))))))

"\VEL"

CON

VFCP( 1)

VFCP( 2)

VFCP( 3)

VFCP( 4)

VFCP( 5)

" END"

Group Specification Card indicating the start of the Unsaturated
Zone Fl ow Modul e Data G oup.

Subgroup Specification Card indicating the start of the
Unsat urat ed Zone Fl ow Mddul e Control Data Subgroup.

Nunber of nodes in the Unsaturated Zone Flow Modul e. The val ue of
this paraneter is currently generated in the code. Thus, the
value in the input file is ignored.

Nunber of different porous materials up to a nmaxi mumof 20. |If
the depth of the unsaturated zone is randomly generated in Mnte
Carl o node, VFCP(2) nust equal 1.

Paraneter indicating the type of relationship of relative
permeability versus saturation.

van Genuchten functional paraneters

Brooks and Corey functional paraneter

Paramet er indicating the nmethod of generating vertical
di scretization when the depth of the unsaturated zone is constant.
This paraneter is ignored in the current version of the code.

Nunber of layers in the unsaturated flow system (up to a maxi mum
of 20). If the depth of the unsaturated zone is randomy
generated in Monte Carlo node, VFCP(5) nust equal 1.)

End Card indicating the end of this subgroup.

23333333333331333333333333311333333333333113333333333331113))))))))
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Note that in Monte Carlo node, the total depth of the unsaturated zone can be
random y generated by setting VFCP(2) and VFCP(5) to a value of one. VTCP(1l) in
Tabl e A-27 nmust also be set to a value of one. |In other words, only one
honogeneous | ayer can have a Monte Carlo distribution associated with it.

A.5.5.2 Unsaturated Fl ow Modul e Layer Thickness and Material Data Subgroup--

Tabl e A-22 describes the layer thickness and naterial data necessary for the
Unsaturated Zone Flow Mddule. The data consist of the layer thickness and the
mat eri al nunber associated with each |layer. Wen only one |ayer is sinmulated,
the layer thickness is equal to the total depth of the unsaturated zone and this
paraneter can have a Monte Carlo distribution assigned to it. The materia
nunbers correspond to the material properties which are read in using the

Mat eri al Properties Subgroup described in Section A 5.5.3.

A.5.5.3 Unsaturated Zone Flow Material Property Subgroup--

The unsaturated zone can consist of a nunber of different materials (the nunber
speci fied by the value of VFCP(2) in Table A-21) with different hydrogeol ogica
properties. The properties for each of the naterials are input using the Array
and Enpirical Subgroups in the Unsaturated Zone Material Property Subgroup, which
is identified by the code SAT. Details of the contents and format of this
subgroup are shown in Table A-23. The variables included in this subgroup are
shown in Table A-24. Note that none of these variables can be derived (i.e.

none have a distribution type of -1).

When the unsaturated zone consists of nore than one material, information about
each material is input using an Array Subgroup. These naterials are subsequently
identified by the order in which the Array Subgroups appear. Thus, the fourth
Array Subgroup (after the Subgroup Specification Card) contains information about
the properties of nmaterial nunmber 4. The ternmination of data for each materia

is indicated by an END CARD. The end of the unsaturated materials data is al so

i ndi cated by an END CARD.

A.5.5.4 Unsaturated Zone Fl ow Mi sture Data Subgroup--

In order to solve the unsaturated zone flow problem both the relationship
between the relative perneability and water content and the relationship between
pressure head and water content need to be specified for each material (refer to
Section 3 of Salhotra et al. (1990)). The information needed to describe these
rel ationships is provided in the Unsaturated Zone M sture Data Subgroup
identified by the code SO. The contents and format of this subgroup are

descri bed in Table A-25.

The van CGenuchten paraneters, al pha and beta, are required by the code to

cal cul ate the pressure head versus water content curve. The same paraneters can
be used to describe the relationship between relative pernmeability and water
content by setting VFCP(3) equal to one in Table A-21. However, the code
contains the option of using the Brooks and Corey rel ationship instead (VFCP(3)
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Tabl e A-22. CONTENTS AND FORMAT OF THE UNSATURATED FLOW MODULE LAYER THI CKNESS
AND MATERI AL DATA SUBGROUP
4444448444844 448444848484848488444848484844484848484448484448444848444844444444444444

Card Contents For mat
21211111113333333333333333333333311311111113333333333)33333311))))))))

ML " MAT" A3

M2 VFLAYR(1), 1PROP(I) G10.0, 110

M3 " END" A3

Not e: Card/line M2 is repeated for each layer in the Unsaturated Fl ow Mdul e

(VFCP(5) in Table A-21).
I))313)313133331331313131313133133131313131))1331313131)))))))))))))))
Definition of Contents
I))313)313131331331313131313133131313131313)13131313)3)))0))))))))))

" MAT" Subgroup Specification Card indicating the start of the
Unsat urat ed Fl ow Modul e Layer Thi ckness and Materi al
Subgr oup.

VFLAYR( 1) Thi ckness of |ayer |I.

| PROP( 1) Mat eri al number for layer | corresponding to data read as

part of the Material Data Subgroup (see Section A 5.5.3).

" END" End Card indicating the end of this subgroup.

23333333333313133333333333313113333333333331133333333333313133)1))))))
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Tabl e A-23. CONTENTS AND FORMAT OF THE UNSATURATED ZONE FLOW MODULE MATERI AL
PROPERTY SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
233311333311333333333331333333333331333333333333333333313333010)3)))))

SA1l " SAT" A3

Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
SA2 "END" (Material) A3

SA3 " END" A3

Not e: Cards/lines Al-A3 and El1-E5 need to be repeated for each naterial

I))313)313133331331313131313133131313131313)13131313)3))))))))))))))
Definition of Contents

21333333333313133333333333313113333333333331133333333333313113))))))))

" SAT" Group Specification Card indicating the start of the
Unsat urated Zone Fl ow Moddul e Material Subgroup

Array Subgroup Subgroup defining the material property variables.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of data for a naterial (one such

end card is required for each material).

" END" End Card indicating the end of this subgroup

213333333333313333333333331311333333333333113333333333331311)))))))))

equal to 2 in Table A-21). |If the Brooks and Corey option is selected, the
exponent, n, must be specified in addition to the van Genuchten paraneters.

The subgroup specification card is followed by VFCP(2) number of the Array
Subgr oups, one subgroup for each material. Table A-26 presents the definitions
of the variables included in the Array Subgroup. None of the variables in this
group can be derived (i.e., none have a distribution type of -1).

Note that the data for each material are read in the sane sequence as in Table A-

23. After the data for each material has been input, an END card is inserted.
Finally, the end of the subgroup is also indicated by an END CARD.
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TABLE A-24. VARI ABLES | N THE UNSATURATED FLOW MATERI AL PROPERTY ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

SATURATED MATERI AL PROPERTY PARAMETERS
ARRAY VALUES
il SATURATED MATERI AL VARI ABLES

e VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

*Ex MEAN STD DEV M N

LR R E R R R R EREEE SRR SRR EEEEEEEEEEEE RS EEEEEEEEEREEREEREEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEREEESEEEEREEEREEREEEEEEREREEREEEEEESESEESS]
1 Sat hydraulic conduct (cnihr) 0 -999. -999. 0. 100E- 10 0. 100E+05

2 Unsaturated zone porosity 0 -999. -999. 0. 100E- 08 0. 990

3 Air entry pressure head (m 0 -999. -999. 0. O00E+00 -999.

4 Depth of the unsat zone (m 0 -999. -999. 0. 100E- 08 -999.

END ARRAY

END MATERIAL 1
END
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Tabl e A-25. CONTENTS AND FORMAT COF THE UNSATURATED ZONE FLOW MODULE MO STURE
DATA SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
233311333311333333333331333333333331333333333333333333313333010)3)))))

SI'1 "sat A3

Al- A3 Array Subgroup (See Table A-5)
Sl 2 "END' (material) A3

SI3 " END" A3

Not e: Card/line Al-A3 need to be repeated for each material.

I))313)3131313313313131313131331331313131313)13131313)3)))0))))))))))
Definition of Contents
I))313)313133331331313131313133131313131313)13131313)3))))))))))))))

"sa" Group Specification Card indicating the start of the
Unsat urat ed Zone Fl ow Modul e Moi sture Data Subgroup.

Array Subgroup Subgroup defining the nmoisture-rel ated vari abl es.

" END" End Card indicating the end of data for a nmaterial (one such
end card is required for each material).

" END" End Card indicating the end of this subgroup.

23333333333313133333333333313113333333333331133333333333313133)1))))))

A.5.6 Unsaturated Zone Transport Data G oup

The data required for the Unsaturated Zone Transport Mddule are divided into two
subgroups. Each subgroup is handled in the sane nanner as was described for the
subgroups of the Unsaturated Zone Flow Data Group. The subgroups included in the
Unsat urated Zone Transport Data G oup are:

Subgr oup Specification Code Refer to Table
Control Data CON A-27
Transport Properties TRA A- 28

The first card of this group is the GROUP SPECI FI CATI ON CARD and i ncl udes the
code VIL in the first three colums. The next card is the first SUBGROUP

SPECI FI CATI ON CARD. The contents and format of each of these subgroups are
descri bed below. The termination of the Unsaturated Zone Data Group is indicated
by an END CARD.
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TABLE A-26. VARI ABLES | N THE UNSATURATED FLOW MO STURE DATA ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

SO L MO STURE PARAMETERS

il FUNCTI ONAL COEFFI Cl ENTS

ARRAY VALUES

il FUNCTI ONAL COEFFI Cl E VARI ABLES

*oxk VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

*oxk MEAN STD DEV M N

IR R E RS SRR E RS SRR RS SRR RS SRR R R RS E RS E R RS E RS E R RS R RS E RS E R RS RS EEEEEEEEEEEEEEEEEREEREEEEREEEEEEEEEEEESEESEESS
1 Residual water content 0 -999. -999. 0.100E-08 1.00

2 Brooks and Corey exponent, EN 0 -999. -999. 0. 000E+00 10.0

3 ALFA van Genuchten coefficient 0 -999. -999. 0. 000E+00 1.00

4 BETA Van Genuchten coefficient 0 -999. -999. 1.00 5.00

END ARRAY
END MATERIAL 1

END
END UNSATURATED FLOW
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A.5.6.1 Unsaturated Zone Transport Control Data Subgroup--

The contents and fornat of the Control Data Subgroup are shown in Table A-27.

The Control Data Subgroup should be the first subgroup included in the
Unsaturated Zone Transport Group. Note that VTICP(1l), the nunber of layers, is
set equal to 1 if the depth of the unsaturated zone is generated froma Mnte
Carlo distribution in the Unsaturated Zone Fl ow Module. The end of this subgroup
data is indicated by an END CARD

A.5.6.2 Unsaturated Zone Transport Properties Subgroup--

The contents and fornat of the Transport Properties subgroup are described in
Tabl e A-28. Followi ng the SUBGROUP SPECI FI CATION CARD is one or nore Array
Subgroup that contains the values of the unsaturated zone transport vari abl es.

An Array Subgroup is required for each nmaterial layer. |If any of the variables
are specified to have an enpirical distribution, then it is necessary to include
the Enpirical Distribution Subgroup (for details see Section A . 4.5). An END CARD
is used to indicate the end of data for each |ayer

The multiple layers option is available only when the depth of the unsaturated
zone is constant (i.e., not a Monte Carlo variable) in the Unsaturated Zone Fl ow
Module. In the event that there is nore than one transport |ayer, the sumof the
i ndi vidual | ayer thicknesses nust equal the sum of the layer thicknesses
specified in the Unsaturated Zone Fl ow Modul e. However, note that the nunber of

| ayers and the correspondi ng thicknesses can differ between the two nodul es.

The definitions of the specific variables that conprise this subgroup are shown
in Table A-29. O the five variables shown, only the | ongitudinal dispersivity
of the soil can be derived. The nethod by which it is derived is discussed in
Section 4.4.3.1 of Salhotra et al. (1990). An END CARD indicates the end of the
Transport Data Subgroup

A.5.7 Aquifer Data G oup

The contents and format of the Aquifer Data Goup are shown in Table A-30. The
first card is the GROUP SPECI FI CATI ON CARD, with the code AQU included in the
first three colums. Following this is an Array Subgroup, which contains

i nformati on about the val ues and/or distributions of up to 18 aquifer-specific
variables. The variables included in this subgroup are shown in Table A-31
Wth the exception of the source thickness, the variables are used only in the
Sat urated Zone Transport Mdule. The source thickness is used to satisfy the
mass bal ance between the Unsaturated Zone (or the Source when the unsaturated
zone is not simulated) and the Saturated Zone Transport Modul es.

Ten of the aquifer variables can be either derived or directly input. These
variables are the particle diameter, porosity, bulk density, source thickness,
hydraul i c conductivity, seepage velocity, retardation coefficient, and the
longitudinal, lateral, and vertical dispersivities. The avail able options and
the algorithns for each of themare explained in Section 5.5.3 of Salhotra et al
(1990).
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Tabl e A-27.

CONTENTS AND FORMAT OF THE UNSATURATED ZONE TRANSPORT MODULE
CONTROL DATA SUBGROUP

A444444444444444444444444444444444444444444444444444444444444444444

Card

Contents For mat

2133333333331133333333333313113333333333331133333333333313133))))))))

V1

TC1
TC2
TC3
TC4

"VTL" A3
" CON' A3
VTCP(1), | = 1,10 101 10
WIEUN F10.0
" END" A3

2333333333333133333333333313133333333333313113333333333331313)))))))))

Definition of Contents

23333333333313133333333333313113333333333331133333333333313133))))))))

"\TL"

n CG\IH

VTCP( 1)

Group specification card indicating the start of the Unsaturated
Zone Transport G oup.

Control card indicating the start of the Unsaturated Transport
Control Subgroup

Nunmber of |ayers used to sinulate transport in the unsaturated
zone (up to a maxi num of 20). Note that the nunber of |ayers
specified in the Unsaturated Zone Transport Modul e can be

different fromthe nunber of layers specified in the Unsaturated
Fl ow Mbdul e. VTCP(1l) nust be set equal to one if the depth of the

VTCP( 2)

VTCP( 3)
VTCP( 4)

unsaturated zone in the Unsaturated Flow Module is to be randomy
generated in Monte Carl o node.

Nunber of time values at which concentration in the unsaturated
zone is to be evaluated. This variable, which corresponds to the
nunber of control points in the convolution integral for coupling
t he unsaturated and saturated zones, is not used when the nodel is
run in steady-state. |In the current version of the preprocessor
this value is set to 20.

Dumry integer. Not used in the current version of the nodel

Type of schene used to evaluate transport in the unsaturated zone.
Note that the Stehfest algorithmis recomrended when the ratio of
| ayer thickness to |ongitudinal dispersivity is |less than 20.

St ehf est nunerical inversion algorithm

Convol ution integral approach

(conti nued)
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Tabl e A-27. CONTENTS AND FORMAT OF THE UNSATURATED ZONE TRANSPORT MODULE
CONTROL DATA SUBGROUP (concl uded)
VYWV VY.V V.V O V.V .YV V.V V.Y V.V V. V.V V.V VY. V.YV V. V.V V. V.V V. V.V V. V.V V.V V. V.. V.V V.V V. V.. V. V. V.V.V.V.V.}
Definition of Contents

2133333333331133333333333313113333333333331133333333333313133))))))))

P(5) For VTCP(4) = 1, the nunber of terns governing the accuracy of the
Stehfest algorithm It nust be a positive even integer. A value
of 18 is suggested as an initial trial value.

For VTCP(4) = 2, the nunber of increnents used in the tenpora
di scretization of convolution integral approach (a value of 10 is
recomended) .

VTCP( 6) Nunber of points in the Lagrangi an schene used for interpolating
concentration values (a value of 3 is recommended).

VTCP(7) Nunber of Gauss points used in Gauss-lLegendre nunerica
i ntegration of the convolution values (a value of 104 is
recomended) .

VTCP( 8) Nunber of segnents for the nunerical approximtion of the
convolution integral (a value of 2 is recommended).

VTCP(9) Type of source boundary condition. |In the current version of the
code, the value of this paraneter is automatically set in
subrouti ne DEFAULTS. FOR, based on the val ues of other input
par anmet ers.

VTCP(10) Paranmeter indicating if tine values for conputing concentration in
the unsaturated zone are to be generated. This variable is not
used when the nodel is run in steady-state. It is autonmatically
set to 1 (i.e., yes), the reconmended value, in the current
version of the preprocessor.

WI'FUN Val ue of weighting factor used to generate tine step values for
eval uating concentration in the unsaturated zone. This variable,
which is not used when the nodel is run in steady-state, is
automatically set to 1.2 in the current version of the

pr eprocessor.

" END" End Card indicating the end of this data subgroup

2333333333333133333333333313113333333333331133333333333313133))))))))
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Tabl e A-28. CONTENTS AND FORMAT COF THE UNSATURATED ZONE TRANSPORT MODULE
PROPERTI ES SUBGROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
233311333311333333333331333333333331333333333333333333313333010)3)))))

T1 " TRA" A3

Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
T2 "END" (Layer) A3

SA3 " END" A3

Not e: Cards/lines Al-A3 and El1-E5 need to be repeated for each |ayer.

I))313)313133331331313131313133131313131313)13131313)3))))))))))))))
Definition of Contents

21333333333313133333333333313113333333333331133333333333313113))))))))

"TRA" Group Specification Card indicating the start of the
Unsat urat ed Zone Transport Modul e Data Subgroup.

Array Subgroup Subgroup defining the transport variabl es.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of data for a layer (one such

end card is required for each |ayer).

" END" End Card indicating the end of this subgroup.

213333333333313333333333331311333333333333113333333333331311)))))))))

If any of the variables in this group are assigned an enpirical distribution
(NDSTPRMI) = 6), then it is necessary to include the Enpirical Distribution
Subgroup (see Section A 4.5). END CARDS are required to indicate the termi nation
of both the Array and the Enpirical Subgroups. A final END CARD indicates the
end of the Aquifer Data G oup.

A.5.8 Surface Water Data G oup

The contents and format of the Surface Water Data Group are shown in Table A-32.
The first card is the GROUP SPECI FI CATION CARD with the code SUR in the

first three colums. This is followed an Array Subgroup that contains

i nformation about the values/distributions of 13 variables, two of which are not
used in the current version of the nodel (see Table A-33). |If any of these
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TABLE A-29. VARIABLES | N THE UNSATURATED TRANSPORT PROPERTI ES ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

TRANSPORT PARAMETER
ARRAY VALUES
il UNSATURATED TRANSPOR VARI ABLES

>k VARl ABLE NAME UNI TS DI STRI BUTI ON  PARAMETERS LIMTS

ol MEAN STD DEV M N

LR R E R EE R EREE SRR SRR EEEEEEEEEEEE RS EEEEEEE SRR EREEEEEEEEEREEEEEEEEEEEEEEEREEEEEEEEEEEREEEEEEEEREEEREEREEEEEEREREEREEEEEESEESS]
1 Thickness of layer (m 0 -999. -999. 0. 100E- 08 -999.

2 Longit disper of layer (m -1 -999. -999. 0. 000E+00 0. 100E+05

3 Percent organic matter 0 -999. -999. 0. 000E+00 100.

4 Bul k dens of soil layer (g/cc) 0 -999. -999. 0.100E-01 5.00

5 Biol ogi cal decay coeff (1/yr) 0 -999. -999. 0. O00E+00 -999.

END ARRAY

END LAYER 1

END UNSATURATED TRANSPORT PARAMETERS
END TRANSPORT MODEL
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Tabl e A-30. CONTENTS AND FORVMAT OF THE AQUI FER- SPECI FI C DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
2211111113333333333333333333333311311111113333333333133333331))))))))

Q " AQU A3

Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
Q2 " END" A3

I))313)313133331331313131313133133131313131))1331313131)))))0))))))))))
Definition of Contents

2333333333333133333333333313113333333333331133333333333313133)3))))))

" AQU! Group Specification Card indicating the start of the Aquifer
Dat a G oup.

Array Subgroup Subgroup defining the aquifer variabl es.

Enpi ri cal Subgroup defining any enpirical distributions.

Di stribution

Subgr oup

" END" End Card indicating the end of this data group

233333333333113333333333333133333333333331133333333333313113))))))))

variables are specified to have an enpirical distribution, then it is necessary
to include the Enmpirical Distribution Subgroup. Wen running the Surface Wter
Modul e, the user nust chose an exposure route. Figure A 4 shows the three
options available. The choice is specified in the General Data Group. The end
of the group is indicated by an END CARD

A.5.9 Ar Em ssions and Di spersion Data G oup

The Air Enissions and Di spersion Data Group may consist of up to three subgroups.
The Array and Enpirical Subgroups are used to specify values and distributions
for air em ssions and di spersion nodel variables. The third subgroup, the Air

Di spersi on Mddul e Control Subgroup discussed in Section A.5.9.1, defines contro
options when the air dispersion nodel is used.

The first card of this group is the GROUP SPECI FI CATI ON CARD and i ncl udes the
code AIRin the first three colums. The next set of cards, shown in Table A-34,
i ncl udes an Array Subgroup that contains information about the

val ues/di stributions of up to 18 variables (shown in Table A-35). Note that if
any of these variables are specified to have an enpirical distribution, then it
is necessary to include the enpirical subgroup
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TABLE A-31. VARIABLES IN THE AQUI FER DATA ARRAY SUBGROUP
4444444444444444444844404448444444444444444444444444448444844444444444444444444444444444444444444

AQUI FER SPECI FI C VARI ABLE DATA

ARRAY VALUES
*Ex AQUI FER SPECI FI C VARI ABLES
*Ex VARI ABLE NAMVE UNI TS DI STRI BUTI ON  PARAMETERS LIMTS
*Ex MEAN STD DEV M N
LR R E R R R R EREEEEEEEE SRR EEEEEEEEEEEE R RS EEEEEEESEREEREEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEREEEEEEEEREEEREEREEEEEESRERERERESRESSERSS]
1 Particle diameter (cm 0 -999. -999. 0. 100E- 08 100.
2 Aquifer porosity -2 -999. -999. 0. 100E- 08 0. 990
3 Bul k density (g/cc) -1 -999. -999. 0.100E-01 5.00
4 Aqui fer thickness (m 0 -999. -999. 0. 100E- 08 0. 100E+06
5 M xing zone depth (m -1 -999. -999. 0. 100E- 08 0. 100E+06
6 Hydraulic conductivity (myr) -2 -999. -999. 0. 100E- 06 0. 100E+09
7 Hydraulic Gradient 0 -999. -999. 0. 100E- 07 -999.
8 Grndwater seep velocity (myr) -2 -999. -999. 0. 100E- 09 0. 100E+09
9 Retardation coefficient -1 -999. -999. 1.00 0. 100E+09
10 Longitudinal dispersivity (m 0 -999. -999. 0. 100E- 02 0. 100E+05
11 Transverse dispersivity (m 0 -999. -999. 0. 100E- 02 0. 100E+05
12 Vertical dispersivity (m 0 -999. -999. 0. 100E- 02 0. 100E+05
13 Tenperature of aquifer (C 0 -999. -999. 0. 000E+00 100.
14 pH 0 -999. -999. 0. 300 14.0
15 Organi c carbon content (fract) 0 -999. -999. 0.100E-05 1.00
16 Receptor distance fromsite(m 0 -999. -999. 1.00 -999.
17 Angle off center (degree) 0 -999. -999. 0. 000E+00  360.
18 Wl |l vertical distance (m 0 -999. -999. 0. O00E+00 -999.

END ARRAY
END AQUI FER SPECI FI C VARI ABLE DATA
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Tabl e A-32. CONTENTS AND FORVAT OF THE SURFACE WATER DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
2211111113333333333333333333333311311111113333333333133333331))))))))

SuUl " SUR" A3

Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
SU2 " END" A3

I))313)313133331331313131313133131313131313)13131313)3))))))))))))))
Definition of Contents

2333333333333133333333333313113333333333331133333333333313133)3))))))

" SUR" Group Specification Card indicating the start of the Surface
Wat er Data G oup.

Array Subgroup Subgroup defining the surface water vari abl es.
Enpi ri cal Subgroup defining any enpirical distributions.
Di stribution

Subgr oup

" END" End Card indicating the end of this data group.

22111111313333333333333333333333311311111113333333333313333311))))))))
A.5.9.1 Air Dispersion Mdule Control Data Subgroup--

The Control Data Subgroup is identified by a SUBGROUP SPECI FI CATI ON CARD with the
code CON in the first three colums. The contents and format of the subgroup are
shown in Table A-36. The subgroup is required only if the air dispersion nodul e
is used. Note that the values for w nd speed and the value for FMAT are only
read when | FREQ equals 1. The avail able options are shown in Figure A 5.

If the frequency-weighting approach is used to cal culate |ong-term di spersion
(IFREQ = 1), frequency data are read fromthe file FREQIN. The file contains
joint frequencies for all conbinations of wind speed, direction, and stability.
For the usual configuration of 16 wind direction sectors, 6 wi nd speeds, and 6
stability classes 576 (i.e., 16 x 6 x 6) joint frequency entries are required.
Typically this joint frequency distribution is available as STAR (Stability Array
Data) sunmaries for airports. The general structure of the data is illustrated
in Table A-37. Since users may have this matrix of data in different formats,
MULTI MED al | ows sone flexibility in the format. The formats for each line of
data are specified by the variable FMAT on Card AR5 (Table A-36). The end of
this subgroup is indicated by the END CARD. The conpletion of the Air Em ssions
and Di spersion Data Group is indicated by the END CARD.
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TABLE A-33. VARI ABLES I N THE SURFACE WATER DATA ARRAY SUBGROUP
A4444444444440484848444444040484848484444404848484844444404848404844444444440444444444444444444
SURFACE WATER MODULE VARI ABLE DATA
ARRAY VALUES

*xx SURFACE WATER MODULE VARI ABLES

VARI ABLE NAME UNITS DI STRIBUTION  PARAMETERS LIMTS
MEAN STD DEV M N MAX

1 Channel sl ope (mm 0 -999. -999. 0. 100E- 08 -999.
2 Stream depth (m 0 -999. -999. 0. 300E- 01 -999.
3 unused at present 0 -999. -999. 0. 000E+00 0. 000E+00
4 Manni ngs roughness

coefficient 0 -999. -999. 0. 100E-08 1.00
5 Tenperature of stream (O 0 -999. -999. 0. 000E+00 100.
6 Sedi ment concentration (ng/l) 0 -999. -999. 0. 100E- 08 -999.
7 Stream pH 0 -999. -999. 0. 300 14.0
8 Fract organic carbon in sednt 0 -999. -999. 0. 100E-08 1.00
9 Wnd speed at elev z (m's) 0 -999. -999. 0. 000E+00 200.
10 El ev of wind speed neasure (n) 0 -999. -999. 0. 100E- 08 -999.
11 Fract of fish which is lipid 0 -999. -999. 0. 100E-08 1.00
12 unused at present 0 -999. -999. 0. 000E+00 0. 000E+00
13 Stream fl ow (m3/s) 0 -999. -999. 0. 100E- 08 -999.
END ARRAY

END SURFACE WATER MODULE VARI ABLE DATA
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Tabl e A-34. CONTENTS AND FORMAT CF THE Al R EM SSI ON AND DI SPERSI ON DATA GROUP
A444444444444444444444444444444444444444444444444444444444444444444

Card Contents For mat
233311333311333333333333333331333331333333133333333333333333010)3)))))

Al R "Al R A3

AR2- ARG Air Dispersion Control Subgroup (See Tabl e A-36)
Al- A3 Array Subgroup (See Table A-5)
El- E5 Enmpirical Distribution Subgroup (See Tabl e A-6)
AR7 " END" A3

I))313)3131313313313131313131331331313131313)13131313)3)))0))))))))))
Definition of Contents

2133333333333133333333333313113333333333331133333333333313113))))))))

"AR' Group Specification Card indicating the start of the Air
Enmi ssion and Di spersion Data G oup.

Array Subgroup Subgroup defining the air vari ables.

Enpi ri cal Subgroup defining any enpirical distributions.
Di stribution

Subgr oup

" END" End Card indicating the end of this data group.

233333333333313333333333331313333333333333113333333333331133)3))))))
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TABLE A-35. VARIABLES IN THE AIR EM SSI ON AND DI SPERSI ON DATA ARRAY 44444444444444444444448444444444444444444444444444444444444444444444
Al R MODULE VARI ABLE DATA

ARRAY VALUES
e Al R MODULE VARI ABLES
VARl ABLE NAMVE UNI TS DI STRI BUTI ON PARAMETERS LIMTS
MEAN STD DEV M N MAX

1 Depth of soil cover (cm 0 -999. -999. 0. 000E+00 0. 000E+00
2 Tenper of waste disp unit (O 0 -999. -999. 0. 000E+00 0. 000E+00
3 Porosity of unit 0 -999. -999. 0. 000E+00 0. 000E+00
4 Water content 0 -999. -999. 0. 000E+00 0. 000E+00
5 Ganma factor 0 -999. -999. 0. 000E+00 0. 000E+00
6 Mu exponent 0 -999. -999. 0. 000E+00 0. 000E+00
7 Sigma exponent 0 -999. -999. 0. 000E+00 0. 000E+00
8 Atnos punp correction factor 0 -999. -999. 0. 000E+00 0. 000E+00
9 Enpirical enhancenent factor 0 -999. -999. 0. 000E+00 0. 000E+00
10 5 m's height of rise (m 0 -999. -999. 0. 000E+00 0. 000E+00
11 Decay coeff in air (s™-1 0 -999. -999. 0. 000E+00 0. 000E+00
12 Receptor dist frmlandfill (m 0 -999. -999. 0. 000E+00 0. 000E+00
13 Receptor angl frmsource (rad) 0 -999. -999. 0. 000E+00 0. 000E+00
14 El evation of receptor (m 0 -999. -999. 0. 000E+00 0. 000E+00
15 M xi ng hei ght m 0 -999. -999. 0. 000E+00 0. 000E+00
16 Std dev of wind elev ang (rad) 0 -999. -999. 0. 000E+00 0. 000E+00
17 Constant wi nd speed (m's) 0 -999. -999. 0. 000E+00 0. 000E+00
18 Constant stability condition 0 -999. -999. 0. 000E+00 0. 000E+00
END ARRAY

END Al R MODULE VARI ABLE DATA
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Tabl e A-36. CONTENTS AND FORMAT OF THE Al R DI SPERSI ON CONTROL DATA SUBGROUP
VYV V.YV.V. V.Y V.V V. V.YV V.V V.V .V V. V.Y V. .V V.VV. V. V.V V.V V. V.V V.V V. V. . V.V V.V.V. V.V V.V]
Card Cont ent s For mat

2133333333331313333333333333131333333333333313333333)))))3)))))
AR2 " CON' A3

AR3 | STBL, 1Sl GZ, |FREQ 315
AR4 (Y1), | =1,6) 6F10. 0
AR5 FVAT A80
ARG " END" A3

I))3)313131333313131313131)313131313)))10))3)3)))))))))))))))
Definition of Contents

22233333333133331313333133333333333333333333333333333))))))
" CON" Control card indication start of the Air Dispersion Contro
Subgroup (required only if air dispersion is sinulated).

| STBL Flag indication if terrain correction is stability dependent.
0 Stability-independent terrain correction
1 Stability-dependent terrain correction
| SI &Z Flag for vertical dispersion coefficient method.
0 The Pasquill -G fford met hod
1 The turbul ence-intensity nethod
| FREQ Flag indicating node for cal cul ation of oncentrations.
0 Concentrations are cal cul ated assum ng a constant wind in the
direction of the receptor
1 W nd-stability frequency-wei ghting approach used
uct) W nd speeds for each wi nd speed cl ass
(required only if IFREQ = 1).
FMAT Format for the data in the file containing wind-stability
frequency data (required only if IFREQ = 1). The genera
structure of this file is illustrated in Table A-37.
" END" End Card indicating the end of this data subgroup

2333333333331313333333333333131333333333333313333333))))31))))
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Table A-37. GENERAL STRUCTURE OF THE W ND- STABI LI TY FREQUENCY FI LE (FREQ I N)
VYWV Y V.Y V.V VY.V V.YV V. O V.Y .V V. V.V V.V V. V.V V... V.V V.V V. V.V V. V. V.V V. V.. V. . V.V V. V.. V. V. V.V.V.V.V.}
W nd Direction Sector

2333333333333133333333333313113333333333331133333333333313133))))))))

1 Frequencies for six wind speed classes, sector 1, stability class A
2 Frequencies for six wind speed classes, sector 2, stability class A
3 Frequencies for six wind speed classes, sector 3, stability class A
4 Frequencies for six wind speed cl asses, sector 4, stability class A
5 Frequencies for six wind speed classes, sector 5, stability class A
6 Frequencies for six wind speed cl asses, sector 6, stability class A
7 Frequencies for six wind speed classes, sector 7, stability class A
8 Frequencies for six wind speed cl asses, sector 8, stability class A
9 Frequencies for six wind speed cl asses, sector 9, stability class A
10 Frequencies for six wind speed classes,sector 10, stability class A
11 Frequencies for six wind speed classes,sector 11, stability class A
12 Frequencies for six wi nd speed classes,sector 12, stability class A
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APPENDI X B

SUBROUTI NES | NCLUDED | N MULTI MED

Subr outi ne Cal |l ed By Description

| nput / Qut put Rout i nes

ADI SRD BATI N Reads i nput data necessary to run the
Air Em ssions Mdule and the Air
Di spersi on Modul e.

Al RIN MAI N Interactive preprocessor for Air
Di spersi on Modul e.

BATI N MAI N The batch-run input processor that reads
froma user-specified file the val ues of
vari abl es and paranmeters updated from
their default val ues.

CHKEND BATI N, READLF Checks for the end of a data group.
COVRD ADI SRD, AlIRIN Searches for data lines in input file.
Separ ates connects from data i nput
data file.
FRQPLT OQUTFOR Prints a CDF and/or PDF to output file.
FRQTAB OUTFOR Prints a table of statistics to the
out put file.
| CHECK READZ, READ3 Separates data for connections in input
BATI N, READLF data file.
LEFTIT PRTI NP, BATI N Left justifies character variables.
MODCHK MAI N Fl ags which nodul es are to be run for
Monte Carl o sinul ations.
OPENF MAW Opens files. Checks to see if they
exi st.
OUTFOR MAI N Qut puts single statistics, frequency

di stribution tables, CDF tables, and
printer plots.

Subr outi ne Called By Description
PRI NTO MAI N, PRTOUT, Qut puts the distribution type, nean,
PRNTVZ

st andard devi ati on, and maxi num and
m ni mum al | owed val ues for all the
vari abl es whi ch can be generated by
Monte Carl o routines.

PRNEMP PRTOUT, PRNTVZ Prints enpirical distributions to output
file.
PRNTI N PRTI NP, PRTOUT Wites out General Data Group to the

out put file.

PRNTVZ PRTI NP Qut puts nodel paraneters for the
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PRTI NP MAI N
PRTOUT MAI N
READ2 BATI N, ADI SRD

READLF
bat ch i nput preprocessor.

READ3 BATI N, ADI SRD
READLF
as the batch input preprocessor.
READLF BATI N
SOPEN MAI' N

Saturated Zone Mbdul e

DBK1 STEADY
CONVO2 GWCALC
CPCAL CONVO2

Unsaturated Zone Flow and Transport
Modul es to the conputer-generated batch
i nput file.

Qut puts nodel paraneters to the
conmput er-generated batch input file.

Qutputs Monte Carlo information to
output file.

Reads in array values as part of the

Reads in enpirical distributions as part

Reads in Landfill Source Dat a.

Open out put files containing Mnte
Carlo output. These are the *. VAR and
* OUT files.

Cal cul ates the nodifi ed Bessel function

Coupl es Unsaturated Zone and Saturated
Zone Modul es using the convol ution
approach

Eval uates saturated zone concentrations

at time "T minus tau' for the
convol ution integral approach
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ERFC

Subr outi ne

FUNCT1

GWCALC

GW2DFS

GWDFT

GWBDPS

GWBDPT

PATCH

STEADY

TRANSP

Cal | ed By

GN2DFT, QROVB,
TRAPZD

MAI N

GWCALC, GWBDPS

GWCALC, CPCAL,
GWBDPT

GWCALC

GWCALC, CPCAL

GWDFT

PATCH

Conmput es the conpl enentary error
function.

Description

Eval uates the integrand in the
anal ytical solution.

Main calling routine for saturated zone
nodel .  Sudi cky's anal ytical solution
for three-di nensional nass transport
problem wi th a gaussian-distributed
source.

Anal ytic solution to the saturated

st eady-state, two-dinmensional, transport
nodel with a continuous gaussian source
usi ng the Gauss-Legendre quadrature

i ntegration schene.

Anal ytic solution to the saturated,

unst eady- st ate, two-dinensional

transport nodel with a continuous
gaussi an source using the Gauss-LlLegendre
quadrature integration schene.

Eval uat es saturated, steady-state

t hr ee- di mensi onal transport from a
conti nuous gaussi an source. Allows for
the effects of partial penetration

Eval uat es saturated, unsteady-state,

t hr ee- di mensi onal transport froma
conti nuous gaussi an source. Allows for
partial penetration effects.

Solves for transport in the saturated
zone assum ng a patch source

Prefornms integration using Ronberg's
met hod of order 2K (e.g., K=2is
Si npson's rule).

St eady-state solution for contani nant

transport in the saturated zone when
using a patch source.
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TMGEN1

Subr outi ne

TMGEN2

TMGEN3

TRANSP

TRAPZD

Unsat ur at ed Zone

I NI TVT

Cal | ed By
I NI TVT

I NI TVT

PATCH

QROVB

Transport Modul e

ADI SPR

CCEF

CONVOL

DERFC

DGAUSS

EVAL

VTCALC

VTCALC

VTCALC

EXPERF

SOLBT, GW2DFS,
STEADY, TRANSP

SOLBT

Eval uates times used in convol ution
integral to couple the unsaturated zone
and saturated zone transport sol utions
(for constant source).

Description

Eval uates tines used in the convol ution
integral to couple the unsaturated zone
and saturated zone transport sol utions
(for pul se source).

Eval uates tines used in the convol ution
integral to couple the unsaturated zone
and saturated zone transport sol utions
(for decaying source).

Transi ent solution for contamn nant
transport in the saturated zone while
using a patch source.

Conputes the nth stage of refinenment of
an extended trapezoidal rule.

Conput es concentrations based on the
st eady-state, advective dispersive
equation with first order decay.

Cenerates coefficients of transforned
solution for each |ayer.

Eval uates | ayered unsaturated zone
transport solution by the convol ution
met hod.

Conput es conpl enentary error function
with real argunents

Conputes the first N roots and wei ght
factors for the Gauss-Legendre
quadrature integration schene.

Eval uates functional values at CGauss
i ntegration points.
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EXPD EXPERF

EXPERF SOLAY1

FACTR LI NV

Subr outi ne Called By
LAGRNG SOLBT

LAYAVE I NI TVT

LI NV I NI TVT

SOLAY1 VTCALC, SOLBT
SOLBT VTCALC, CONVO1
STEHF VTCALC
VTCALC MAI N
Unsat ur at ed Zone Fl ow Mbdul e
FPSI 1 RAPSON

Conmput es the exponential function. Set
function to zero for agreenents | ess
than -170.

Eval uates the product of an exponenti al
function and the conplenentary error
function with real argunents.

Functi on which cal cul ates the factorial
of a nunber.

Description

Lagrangi an i nterpol ati on schene.

Eval uat es average saturation and
porosity for each layer in the
Unsat urat ed Transport Modul e.

Eval uates coefficients for Stehfest
al gorithm

Anal ytical unsaturated transport
solution for the first |ayer.

Eval uat es unsat urated zone
concentrations at the bottom of each
| ayer at specific time intervals.

Eval uates the inverse of the Lapl ace
transformfor solute transport in
| ayered nedi a.

The main calling routine for the
anal ytical solution of transport through
the unsaturated zone.

Eval uat es pressure head based upon

rel ati onshi p between pressure head and
hydraul i c conductivity and water
content.
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RAPSON

VFCALC

WCFUN

Air Em ssion and

VFCALC

MAI N

VFCALC

Di spersi on Mdul e

Al RDI S

ARCALC

Subr outi ne

SI GVAZ

VI RT

MAI N

MAI N

Cal | ed By
Al RDI S

Al RDI S

Surface Water Modul e

CI NTER

CM X

DRI NK

Fl SH

REOX

SWCALC

SWCALC

SWCALC

SWCALC

SWCALC

I NI TST

Det erm nes pressure head corresponding
to specific flux using nodified New on-
Raphson iteration.

Main calling routine for the one-

di mensi onal Unsaturated Zone Fl ow Modul e.

Eval uates the water content-pressure
head rel ati onship

Conput es the ground-I|evel concentration
at receptors | ocated downwi nd of the
[andfill.

Cal cul ates the enmission rates fromthe
wast e di sposal unit to the atnosphere

Description

Conput es vertical dispersion
coefficient.

Conput es effective source area and
| ocates the virtual source.

Conputes the fraction of the steady-
state continuous nass | eaching out of
the waste disposal unit that enters
the stream

Cal cul ates the instreamdilution due to
conplete near-field m xing of the
groundwat er pl une.

Cal cul ates the reduction in stream
cont am nant concentration due to
sedi nentation in a water treatnent
pl ant .

Cal cul ates the bioaccunul ati on of toxics
in fish.

Cal cul ates the reaeration coefficient,
using either the Owens, O Conner-Dobbins
or Churchill formula, depending on the
stream depth and/or velocity.

Main calling routine for Surface Water
Modul e.
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Landfill Source Mbdul e

DI SC

EVPT

LFCALC

LI NER1

Subr outi ne

PERC

RUNOFF

I NI TVF

LFCALC

MAI N

I NI TLF

Cal | ed By
LFCALC

LFCALC

Initialization Routines

TRANS

I NI TAR

I NI TGW

I NI TLF

I NI TST

I NI TVF

SWCALC

I NI TVF

Di scretizes the landfill layers and
unsaturated zone |layers into a one

di mensional grid for conputing pressure
head.

Conput es actual evapotranspiration using
alimting soil noisture cal cul ation

Main calling routine for the Landfil
Modul e.

Conputes the effective perneability of a

landfill layer with a synthetic liner.
Description

Conput es pressure head, water content,
and saturation distribution below a
| ateral drain.

Conput es runoff by SCS curve nunber
met hod nodified to include the soi
noi st ure.

Cal cul ates the contanm nant concentration
in the stream at the | ocation of the
drinking water treatnent plant intake.
Assumes first order decay.

Assigns the input values or val ues
generated by the Monte Carlo routines
to the variable nanes used in the air
em ssi ons and di spersion nodels. Also
cal cul ates coefficients needed by the
nodel s.

Assigns the input variables or val ues
generated by Monte Carlo routines to the
vari abl e nanes used in the saturated
zone nodel . Cal cul ates aquifer,
chenical, and source constants.

Assigns the input variables or val ues
generated by Monte Carlo routines to the
vari abl e nodes used in the Landfill Model

Assigns the input values or val ues
generated by the Monte Carlo routines to
the variabl e names used in the Surface
Water Module. Also calcul ates
coefficients needed by the nodul e.

Assigns the input variables or val ues
generated by the Monte Carlo routines to
t he vari abl e names used in the
Unsaturated Fl ow Module. The initial
conditions and coordinate systemfor the
Unsat urated Fl ow Modul e are defined here.

207



I NI TVT MAI N Assigns the Unsaturated Transport input
vari abl es or val ues generated by Mnte
Carlo routines to their variabl e nanes.
Assigns retardation and saturation to the
appropriate transport vari abl es.

Subr outi ne Called By Description
Monte Carl o Routines

ANRMRN NORMAL Generates a (0,1) normally distributed
LOGNOR random numnber .
CALLS UNCPRO Calls the prescribed random nunber

generator for each parameter which is
used in the Monte Carlo sinulation.

COUNT MAI N Count the nunber of paraneters which
are to be Monte Carl oed.

EMPCAL CALLS Generates a random nunber from an
enpirical distribution. EMPCAL
generates a uni formrandom nunber
between 0-1 and uses it to interpolate
for a value using the piecew se |inear
cunul ative frequency distribution input
by the user.

EXPRN EXPRND Generates an exponentially distributed
random nunmber with a nean of 1.

EXPRND CALLS Generates an exponentially distributed
random nunber with a specified nmean.
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LOGNOR CALLS CGenerates a lognormally distributed
random nunber with a specified nean and
standard devi ation. The input nean and
standard deviation are in arithmetic
space.

LOGLOU CALLS Generates uniformy distributed | 0gl0
nunbers between 0-1, then transforns
themto a range specified by the user.

NORMAL CALLS Generates a (x,o)normally distributed
random nunber where x is the nean and o
is the standard devi ati on.

PRMLI S CHMOD, AQVOD, In the interactive node, lists the
SOMVOD, VTMOD, present, mninum and nmaxi num val ues
VFMOD, ARMOD, and distribution values for the user-
STMOD speci fied vari abl es.
RANSET MAI N Initializes the random nunber generator.
TRANSB CALLS Transforms a number from SB space to normal
space or from normal space to SB space.
Subr outi ne Called By Description
TRNLOG CALLS Transforms the mean and standard

deviation in the arithmetic space (original
data) to nean and standard deviation in
logarithmic (normal) space.

UNCPRO MAI' N Generates random val ues for the nodel
paranmeters. It also wites to the
output file if any errors occur when
generating the random val ues.

UNFRN ANRMRN, LOGLOU Generates a (0,1) uniformy distributed
UNI FRM  EXPRN random number .
UNI FRM CALLS, EMPCAL Generates a uniformy distributed random

nunber between a user-specified nnimum
and maxi mum

Subroutines to Set Default Values and Interactive Routines

AQNAMS MAI N Sets Aquifer Data Group variable and | abel
nanes.

ARNAMS MAI N Sets Air Data Group variable and | abel
nanes.

CHNANMS MAI N Sets Chemical Data Group variable and | abel
nanes.

DEFAULTS MAI N Sets special default values to | ock out
certain functions.

LFNAMS MAI N Sets Landfill Data Group variable and | abel
nanes.

SONAMS MAI N Sets Source Data G oup variable and | abel
nanes.

STNAMS MAI N Sets Surface Water Data Group variable and

| abel nanes.
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VFNAMS

Z1 Pl

BATI N

Sets Unsaturated Flow Data Group variable
and | abel nanes.

Sets Unsaturated Transport Data G oup
vari abl e and | abel nanes.

Used when reading batch files.
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—Openins screefn -
WELCOME TO PREMED, THE PREPROCESSOR FOR MULTIMED (version 1.0)

Type '@0ETER.LOG' for a deterministic application tutorial, or
TGMONTE.LOG' for s monte carlo application tutorial

Select an option?

Analyze model results
Execute MULTIMED Model
Return to operating system

—STATUS-
Editing a new file

Application type: Subtitie D landfill

Scenario: Unsaturated and Saturated Zone models

—INSTRUCT:
Select an option using arrow keys

then confirm selectiop with the F2 key, or
Type the first letter of an option.

Helps¥#Y Nexti¥d status:§f quiets¥f xpad:# Cmnd

Figure 2.1 Preprocessor screen after installation.

—DATA WEINDOW TITLE AND SCREEN DATA MjMooy

TITLE T UP TO 24 CHARACTER SCREEM DESCRIPTOR

SCREEN PATH: STRING OF 1-LETTER CODES SPECIFYING PATH
OF OPERATIONS (UP TO 43 CHARACTERS)

DIMERSIONS : 78 X 16 (WITHOUT ASSISTANCE INFO WINDOW)
78 X 10 (MITH ASSISTANCE INFO WINDOM)

CONTENT s PROMPTS FOR DECISIONS OR DATA, ECHOES OF
STATE OF DATA, OR RESULTS OF OPERATIONS

FEATURES ¢ ACCOMMODATES DATA FILE OF MAXIMUM
DINENSIONS 78 X 50 WITH SCROLLING

DATA RANGE : LINES OF DATA CURRENTLY DISPLAYED

WiNDOM TITLE. SS | MOOW
TITLE t MELP, COMMANOS, LINITS, STATUS OR XPAD
DINENSIONS : T8 X &
CONTENT : IMFORMATION PROVIDED BY PROGRAM {(COMMANDS,
RELP,LIRITS, STATUS) OR BY USER (XPAD)
MELP - DETAILED USER ASSISTANCE FOR SCREEM_CONTENTS |
) TN WINOOW TITLI COMMAKDS - DEFINITIONS OF AVAILASLE COMMANDS
. LINITS - RANGE OF ACCEPTABLE VALLES
STATUS - SYSTEM STATUS INFORMATION
XPAD = USER NOTES AND REMINDERS
FEATURES ¢ ALLOWS SCROLLING IF INFORNATION EXCEEDS
Nelp:EE” Next:ff Uimite:E§ oufet:flf Xped:f§ Coads Oope | VERTICAL DIMENSION
ComuND LINE E INSTRUCTION wMoOu
DIMENSIONS = B0 X 1 TITLE s INSTRUCT OR ERROR
CONTENT 3 MENU OF ABBREVIATIONS FOR AVAILABLE COMMANDS DIMENSIONS : 78X 3
FEATURES : COMMAMDS ARE ORDERED BY EXPECTED FREQUENCY OF USE CONTENT 2 SYSTEM GENERATED [MSTRUCTIONS AND

STANDARDIZED SET OF COMMANDS AVAILABLE (SEE TABLE 3-1)

ERROR MESSAGES
FEATURES @ DIRECTS USERS TO ACCEPTABLE KEY STROKES

Figure 3.1 Screen format utilized by the pre- and postprocessor.

—Opening screer

WELCOME TO PREMED, THE PREPROCESSOR FOR MULTIMED (version 1.0)
Type *@DETER.LOG’ for a deterministic tutorisl, or
YAMONTE.LOG' for a monte carlo spplication tutorisl

" Select an option?

]
Analyze model results )
Execute MULTINED Model —
Return to opersting system . '

—INSTRUCT:
Select an option using arrow keys .=
then confirm selection with the F2 key, or
Type the first letter of an option. i

Help:EE Next:Eg Xped:E§ cnnd

Figure 3.2 Example of a two window, one commandline screen.




~Opening scr
WELCOME TO PREMED, THE PREPROCESSOR FOR MULTIMED {version 1.0)

Type 'GDETER.LOG' for a deterministic application tutorial, or
'W‘IE L0G' for & monte carlo upplil:ntion tutorial

Select an option'l

Analyze model Tesults
Execute MULTIMED Model

Return to operating system

—STATUS—

Editing & new file .

Application type: Subtitle D Lendfitl N
Scensrio: Unsaturated and Saturated Zone models N

—INSTRUCT-
Select an option using arrow keys
then confirm selection with the F2 key, or
Type the first letter of an option.
Help:Ef Next:FZ Status:} Xpad: @ Cand  Dnpg

Figure 3.3. Example of a three window, one commandline screen.

—Control (BEFC)

Modify desired Control Parameters

NMAT - rumber of different porous materials > 1

KPROP - Van Genuchten or Brooks/Corey parameters > m

NVFLAY - Number of physical flow layers 1
—HELP

Indicates the type of relationships of relative pomeobil.ity Jro
versus saturation, and pressure head versus saturation. - i
VAKGEN - van Genuchten's functional parameters to be used.

BROOKS - Brooks/Corey functional psrameters to be used.

—INSTRUCT <
Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next® command to go to next screen when done entering data. .-’

Help:§i Next:EZ Prev:if B{ Limits:BY status:¥} Qulct.g Xped:§§ Cand Oops

Figure 3.4. Example of a HELP assistance window. e

rsaturltnd (BFMS)

Sat hydraulic conduct (em/hr)
What is the new value? Hifld

Default: none Minfmum:  0.1000E-10  Maximm: 0.1000E+05

—INSTRUCT:

Enter dats in highlighted field(s).
Use carrisge return or arrow keys to enter dats and move between fields.
Use 'Next! commard to go to next screen when done entering data.

Next:E§ Previi§ Limits:F§ status:Ff ouiet:B§ Xped:§§ Cand Oope

—LINITS N

pus

Figure 3.5. Example of a LIMITS assistance window.




—General-1 (BEG)

Run Title (2 lines)

Run Option? DETERMINISTIC Transient or Steady-State case? STEADY-STATE

Active modules - Surface water NO Alr NO
. Unsat. zone YES Landfill NO
Saturated zone YES

—~STATUS:

Editing tests.inp
Application type: Subtitle D Landfill
Scensrio: Unsatursted and Saturated Zone models

—INSTRUCT

Enter data in highlighted fleld(s). o
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering data.

Melp:¥f Next:fg Limits:}§ status:F? ocuiet:f Xped:E§ Cand Oops

Figure 3.6. Example of information contained in a STATUS assistance window.

~Depth (BEAGDD)

Aquifer thickness (m)

What is the new value?

—STATUS

Editing tests.inp
Application type: Subtitle D landfill )
Scenario: Unsaturated and Saturated Zone models

—ERROR

Invalid data input in hightighted field. A
Use 'Limits' command to see scceptable range, or B
‘Help® command to see field definition.

Next:#Z Prev:Ef Limits:E§ status:Ef ouiet:f§ xped:f§ cand oOops”

Figure 3.7. Example of an ERROR message in the instruction window.
—Opening scr
s . Vo N ¥TH
WELCONE TO PREMED, THE PREPROCESSOR FOR MULTIMED (version 1.0)
Type *SOETER.LOG' for a deterministic application tutorial, or
TSMONTE.LOG' for a monte carlo application tutorial
Select an option?
Analyze model results
Execute MULTIMED Model o
Return to operating system
~INSTRUCT:
Select an option using arrow keys
then confirm selection with the F2 key, or
Type the first letter of an qetion.
Help:EY Next:f} Xped:FY Cmnd .

Figure 4.1. Opening screen of the preprocessor.




—Bui ld/Modi fy

Which Build/Modify option?

an existing input equence Return to Dpening Screen

Save perameters on a file

—INSTRUCT
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option,

Help:§E Next:EZ Xped:}§ Cmnd

Figure 4.2 Build/Modify screen of the preprocessor.

—Depth (BEAQD)

Select a Depth and Particte Characteristics option.
List current values
PArticle dismeter
POrosity of aquifer
Bulk density

Depth of aquifer
Mixing zone depth

—STATUS
Editing a new file .
Application type: Subtitle D landfill .
Scenario: Unsaturated and Satursted Zone models

—INSTRUCT
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option.

Help:Ef Wext:f§ Status:¥? Quiet:f§ Xpad:E§ Cmnd

Figure 4.13. The Depth screen of the preprocessor.

—General-1 (BEG)
Run Title (2 lines)

CASE

Active modules - Surface water NO Air NO
Unsat. zone YES tandfill NO
Saturated zone YES

Run Option? DETERMINISTIC Transi;nt or Stesdy-State case?' STEADY-STATE

—~STATUS——

Editing tests.inp

Application type: Subtitle D landfill

Scenario: Unsaturated and Saturated Zone model®.—

—INSTRUCT:
Enter data in highlighted field(s).

Use carriage return or arrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering data.

Help Next:£Z Limits:f§ Status:Ef Guiet:¥8 Xpad:E§ Cmnd Oops

Figure 4.5. General-1 screen of the preprocessor.




[—Edlt (BE)

—INSTRUCT.

Enter data in highlighted field(s).
Use carriage return or srrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering data.

Figure 4.3. Edit screen of the preprocessor.

—Create (BE)

What type of application do you want to create?

Generic

—INSTRUCT.
Select an option using srrow keys -, e

then confirm selection with the F2 key, or
Type the first letter of an option.

Next:§% Prev:j§ Xpad:3§ Cand

Figure 4.4. Create screen of the preprocessor:




rGeneral-2 (BEG)

How many Monte Carlo simulations? 508

&

How much output do you want from
each Monte Carlo run? SOME

PALPH- confidence level (in X) for
the four estimated percentiles > 90.

~STATUS:
Editing a new file

Application type: Subtitle D landfill

Scenario: Unsaturated and Saturated Zone models

~INSTRUCT .
Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering data.

Help:Ef Next:§2 Prev:#§ status:§ Quiet:#§ Xpad:f§ Cmnd Oops

Figure 4.6. General-2 screen of the preprocessor. This screen is only
activated if the simulation is run in Monte Carlo mode. ‘

¢

~—Edit (BE)

Edit which mode! parameters?

Return to Build screen AQuifer saturated zone parameters

Undef - List undefined data group Al air dispersion parameters
AERTE Rt sOurce  contsminant source data

SUrfate surface water parameters Chemical properties of contaminant

funsat unsaturated zone flow Landfitl properties definition
Tunsat unsaturated zone transport .

—STATUS:
Editing a new file

Application type: Subtitle D landfitl

Scenario: Unsaturated and Saturated Zone models

~—INSTRUCT
Select an option using arrow keys
then confirm selection with the F2 key, or
Type the first letter of an.option.
Help:EJ Next:F? Status:f? aQuiet: 8 Xpad:f§ Cand

Figure 4.7. The Edit screen of the preprocessor.




—AQuifer (BEAQ)- - T
Select an Aquifer option.

Undef - list undefined parsmeters .

Depth and particle characteristics of aquifer -

TYpe of source for saturated zone model .

Hydraulic and dispérsion Felated paraneteis -

Misc - temperature, pH, and organic carbon of aquifer

well « well-related paramsters .

TImes  at which to calculate concentrations e
STATUS—

Editing & new file
Application type: Subtitle D landfill
Scenario: Unsaturated and Satursted Zone models

—INSTRUC

Select an option using arrow keys
then confirm selection with the F2 key, or
Type the first letter of an option.

Next:ER status:BY Quiet:Ff Xpad:E@ Cmnd

Figure 4.8. AQuifer screen of the preprocessor.

~POrosity (BEAQDPO)

Aquifer porosity

How do you want to define this parameter?

Specify the vatue for this parameter

TATUS

Editing a new file
Application type: Subtitie D landfill
Scenario: Unsaturated and Saturated Zone models

—~INSTRUCT
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option.

Quiet: ¥} Xpadg_ﬁ Cmnd

Figure 4.14.
simulation.

The POrosity screen of the preprocessor for a deterministic

Aquifer porosity

What is the new value?

—STATUS.
Editing a new file

Application type: Subtitlie D landfill

Scenario: Unsaturated and Saturated Zone models

—INSTRUCT
Enter date in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering data.

Limits:§%§ Status:E?

Next:¥# Prev

Figure 4.15. Screen for specification of Aquifer poro_sity for
deterministic simulation.




—Source (BESo)

Select s Source option.

% SPread of contaminant source

LIst present values RECharge rate

Undef - list undefined parameters SOurce decay constant

INFil - infiltration rate INItisl concentration

Ares of waste disposal unit LEngth scale of facility

Duration of pulse Width scale of facility
—STATUS

Editing a new file
Application type: Subtitle D landfilt
Scenario: Unsaturated and Saturated Zone models

—INSTRUCT

Select an option using arrow keys
then confirm selection with the F2 key, or
Type the first letter of an option.

—Chemical (BEC)

Select a Chemical option.

5

Undef - list undefined rinruneters

Name - specify chemical to be modeled

Decay coefficients (solid, dissolved, oversll)

Hydrol - hydrolysis rate constants and reference temperature

Coeff - various coefficients and temperature for air diffusion

Mole - molecular definitions, solute vapor pressure and Henry's constant

—STATUS—

Editing a new file

Application type: Subtitle D landfill

Scenario: Unsaturated and Saturated Zone models

—INSTRUCT
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option.

Welp:Ef MNext:fZ Status:fy Quiet:}§ Xpad:¥¥ Cmnd

Figure 4.10. Chémical screen of preprocessor.




r—Funsat (BEF)

Select an unsaturated flow parameter option,

Unde' fined parameters
Control parameter

Spatial discretization parameters
Material properties

Functional coefficients

—STATUS-
Editing a new file

Application type: Subtitle D landfill

Scenario: Unsaturated and Saturated Zone models

—INSTRUCT:
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first Letter of an option.

Figure 4. 11 Unsaturated Flow (Funsat) screen of the preprocessor.

—Tunsat (BET)

Select an unsaturated Transport parameter option.

Undef - list undefined parameters
Control parameter
Property parameters

—STATUS—
Editing & new file

Application type: Subtitle D landfill™
scenario: Unsaturated and Saturated Zone models

—INSTRUCT.
Select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option.

Figure 4.12 Unsaturated Transport (Tunsat) screen of the

preprocessor.




—POrosity (BEAQDPO)
Aquifer porosity
what distribution do you want to use?

LOG10uniform
EMpirical

sb distr
EXponential Derived
Uniform

—STATUS-
Editing a new file

Application type: Subtitle D landfill

Scenario: Unsaturated and Saturated Zone models

~—INSTRUCT.
Select an option using arrow keys
then confirm selection with the F2 key, or

Type the first letter of an option.

Figure 4.16.

simulation.

—POrosity (BEAgPPO)
Aquifer porosity

Parameter Ranges

seasas

Minimum? Bothd Mean? none
Maximum? none Std Dev? none
—~STATUS.

Editing a new file
Application type: Subtitle D landfill
Scenario: Unsaturated and Saturated Zone models

INSTRUCT: —_— ]

Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next' command to go to next screen when done entering dats.

Next:¥¢ Prev:Ef Limits:¥§ status:§7 Quiet:E¥ Xpad:f§ Cmnd Oops

Figure 4.17. Screen showing required parameters for a Lognormal
probability density distribution. :

Porosity screen of the preprocessor for a Monte Carlo







—Opening screen—

WELCOME TO PREMED, THE P
Type '@DETER.LOG' for a
'IMONTE.LOG* for a

Select an option?

Build / Modify input sequenc
Anal model results

Return to operating system

—INSTRUCT
select an option using arrow keys

then confirm selection with the F2 key, or
Type the first letter of an option.

Figure 4.20. Example of a tutorial screen.

~Opening screen

WELCOME TO POSTMED, THE POSTPROCESSOR FOR MULTIMED (version 1.0)
Select a plot option.

Ret to rating system

Specs of plot
Titles on plot
Plot make plot

—INSTRUCT

———Swteoct an-optionusing—&rvow keys
then confirm selection with the F2 key, or
Type the first tetter of an option.

Next:¥§ Prev:F§

Figure 4.21. Opening screen of the postprocessor.







ate-1 (D)

How many MULTIMED runs do you want to plot? &%

FLIH[TS

Default: -1 Minimum: 1 Maximum: 3

—INSTRUCT
Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next! command to go to next screen when done entering data.

Figure 4.22. Data-1l screen of the postprocesssor.

—Data-2 (D)

—LIMITS

Any character string is acceptable.

—INSTRUCT
Enter data in highlighted field(s).
Use carriage-return of-arrowkeys to enter data and move between f ields.
Use 'Next' command to go to next screen when done entering data.

Help:E§ Next:FZ Prev:ié Limits:E§ Quiet:E§ Xpad:§§ Cmnd Oops

Figure 4.23, Data-2 screen of the postprocessor.




—Specs (S)

Type of plot > U . Character height > 0.16

Graphics device > DISPLAY Legend location > LR

X Axis type > ARITH Y Axis type > ARITH

X min > c. Y min > -0

X Axis type > 0.01 Y max > 100

X num log cycles > 4 Y num {og cycles > 4
—INSTRUCT.

Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use 'Next® command to go to next screen when done entering data.

Help:E§ Next:EZ Prev:s§ Limits:f8 Xpad:#§ Cmnd Oops

Figure 4.24. Specs screen of the postprocessor.

—Titles (T)

Y Axis label:

Cumulative Frequency

X Axis label:

Concentration

Curve tabels:

1: Run 1 2: Run 2 3: Run 3

—INSTRUCT
Enter data in highlighted field(s).
Use carriage return or arrow keys to enter data and move between fields.
Use ‘Next' command to go to next screen when done entering data.

Figure 4.25. Titles screen of the postprocessor.
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—Opening screen

CURVE NUMBER: 1 Runi
CONC PERCENT

0.55923E-05 0.400
0.10370E-04 0.800
0.12765€-04 1.200
0.19671E-04 1.600
0.19701

0.21278E-04 2.400
0.21345€-04 2.800
0.21498€-04 3.200
0.25470E-04 3.600
0.29032E-04 4.000
0.32480E-04 4.400
0.33341E-04 4.800
0.36069€-04 5.200

—INSTRUCT

Next' command to go to next screen

Next:E2 Prev:E§ Xpad:§§ Cand

Figure 4.28. Example of screen showing a TEXT file (corresponds to
cumulative frequency plot shown in Figure 4.26).

Collect Site-Specific
Hydrogeological Data

Determine Active Modules
in MULTIMED; Contaminant
to Be Simulated

|

Propose Landfill Design and pef——-—
Determine Infiltration Rate

Calculate DAF

Is no
DAF > 1007,

yes

Acceptable
Design
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MAIN —

OPENF
SOPEN
COUNT
MODCHK ADPRNT
RANSET PRNEMP
PRTOUT PRNEMP
PRINTO
PRTINP: I—— PRINTO
PRNTVZ L
— OUTPUT———T FRQTAB PRNEMP
FRQPLT
— AQNAMS
— ARNAMS
— CHNAMS
— LFNAMS
— SONAMS
— STNAMS
VFNAMS
VTNAMS
DEFAULTS
INITGW
INITAR DISC
INITVF: INITLF LINER1
LINV FACTR
LAYAVE
INITVT TMGEN1
TMGEN2
TMGEN3
INITST REOX
UNCPRO CALLS TRNLOG
— TRANSB .
L EXPRND———— EXPRN—
— NO
— LOGNOR: ANRMRN—

EMP CAL——j
UNIFRM—

LOG1OU

UNIFRN




MAIN—— — ADISRD— COMRD

- BATIN—————— LEFTJT
L CHKEND—
READ2
READ3 ICHEGK
— ARCALC
— AIRIN————— COMRD
— AIRDIS VIRT
L stomaz
VFCALC [~ WCFUN
— PERC RAPSON FPSI1
- LFCALC—————|— EVPT
L RUNOFF
|- cweaLc — CONVO2-—— CPCAL—-——————— GW3DPT
— GW3DPT-)
GW2DFT—— QROMB—— TRAPZ
E— T ™) ey
L cw3pps—- gw2pFs
~ VTCALC — ADVECT
— ADISPR
— GOEF
| STEHF — DERFG
| SOLAY1—— EXPERF-
— EXPD |— DGAUSS
- convol EVAL
L SOLBT — | LAGRNG
|- SOLAY1l— EXPERF DERFC
EXPD
— PATCH STEADY. L
DBK1
- TRANSP n
ERFC e e
— CINTER
— CMIX
| SWCALC TRANS
DRINK
FISH




1SOURCSD GAUSSIAN
SOURCE
SOURCE
SHAPE >
ISOURC.1 PATCH
SOURCE .
ISTEAD=! STEADY STATE
TIME
~*| DEPENDENCE {
e UNSTEADY STATE
IYCHKAIZEHK0 REJECT WELL LOCATIONS
= OUTSIDE PLUME IN VERTICAL ANG— [~
TRANSVERSE DIRECTION
IVCHKa1, 2CHK.0 REJECT WELLS SCREENED
—_ LOCATNION OF BELOW PLUME N VERTICAL DIRECTION
e TYCHK0, RCHK- 1 AEJECT WELLS OUTSIDE -
PLUME N TRANSVERSE DIRECTION
IYCHKZCHK = DO NOT AEJECT ANY
WELL LOCATIONS
HUMAN EXPOSURE THROUGH
ROUTE=1 DRINKING WATER
EXPOSURE HUMAN EXPOSURE THROUGH
ROUTE FISH CONSUMPTION

ROUTE-S EXPOSURE TO AQUATIC

ORGANISMS
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7 Conversion Factors for Permeability
and Hydrautic Conductivity Units
Permeability, &® Hydravlic conductivity, X
cml f12 darcy m/s fi/s U.S. gal/gsy/n?
m: 1 1082107  101x100 980%100 32210 1.85 x 100
fi2 9.29 x 102 1 9.42 x 101¢ 9,11 x 109 2.99 x 10¢ 171 x 1012
darcy 9.87 x 10~ 1.06 x 10-11 | 9.66 % 10" 1.17 x 10~ 182 x 100
m's 1.02 % 10~} 1.10 « 10-¢ 1.04 » 108 1 3.28 2,12 % 108
fi)s AN 2104 335x10°7 315 x10¢ 3,05 » 107} 1 6.46 x 103
US. gal/day/fi°5.42 x 10-10 583 » 10-13 549 x 10=2 472 x 10°* 1.558 2 10~¢ 1

*To obtain k in N2, multiply k in cm? by 1.08 x 10-J,
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