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Preface

This project entails the development of a two-dimensional contaminant transport
model for layer-heterogeneous and isotropic soils in both saturated and unsaturated
conditions, accounting for immiscible phases present in the subsurface environment. The
model is to be used by NJDEPE to develop regulatory clean-up levels based on an
acceptable impact to groundwater for contaminants present in the unsaturated zone.

This is the final report of this project for the second year of funding. It contains a
new analytical approach for the solution of the mass transport in the underlying aquifer
(saturated medium), equilibrium sorption studies of dimethyl and diethyl phthalate esters,
1,2 dichlorobenzene and 1,4 dichlorobenzene on Towacco and Cohensey soils, as well as
the selection of the chemical compounds to be used in the experimental studies. A brief
sensitivity analysis is also included herein.
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III. The Need for Modification of the Existing Saturated Zone
Transport Model (DilUTE)

The analytical solution implemented in the previous versions of the IMP ACT
model for the transport of dissolved constituents within the saturated zone is based on the

solution given by Cleary and Ungs (1978). This solution is obtained by solving the
governing advection dispersion equation analytically for a strip source of tinite length, 2a,
which is assumed to be located somewhere along the groundwater table as shown in
Figure (1) given below.

f 2a 1
x (Groundwater Table)

Aquifer

y

~ U (Seepage Velocity)----7----7

Impermeable Layer

Figure 1. Schematic of a Finite-Length Strip Source

For a two-dimensional, homogeneous and isotropic, saturated medium. the
equation governing solute transport can be written for steady-state tlow condition as
(Freeze and Cheery, 1979):

(1)

where C L is the liquid phase concentration, U is the average linear velocity (seepage

velocity) in the longitudinal direction, Dx is the hydrodynamic dispt:rsiun ,-'ut:fti\.:it:111:11tht:

longitudinal direction, Dy is the hydrodynamic dispersion coefticient in the transverse

direction, A is a first order degradation coefficient, x, y, and t are spatial and time

variables, and Rd is the retardation coefficient which is detined as:
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(2)

in which P b is the bulk density of the soil, Kd is the first order equilihrium par1itioni ng

coefficient between liquid and sorbed phases (adsorption coefficient), and fl is the
porosity of the soil.

The medium is assumed to be initially contaminant free. A strip source of length
2a is introduced along the x axis. If the contaminant input concentration is steady over

time, the boundary and initial conditions for this system are given by Cleary and Ungs,
1978 as:

CL(O,X,!) = Co for Ixls a and l ~ 0

CL(O,X,!) = 0 for Ixl> a and! ~ 0

I· aCL 0Im--=
x-a:> ax

aCLlim-- = 0
y_a:> ay

(3a)

(3b)

(3c)

When the input concentration is a constant with respect to time (Co), the solution

of Equation (1) takes the form (Korfiatis and Talimcioglu, 1994):

fOR. , ]o exp [-ARJ' - 4~." ,,-3".

{ [ 1/2] [ 1/2]}

a-x U L . a+x U Lerf +- - +ert -- - (h
2(Dx L)l/2 2 (Dx) 2(Dx L)1/2 2 (Dx)

(4)

In the pervious versions (3.0 and 3.1) of the IMPACf model, the solution of the

governing mass transport equation given by Equation (4) is numerically manipulated in
order to account for a time varying source instead of a step input. The dd:1ils nf this
numerical scheme can be found in Korfiatis and Talimcioglu, 1994.
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It should be noted that Equation (4) is valid for y> 0, i.e. undetined at the

groundwater table, and for all values of x. Although accurate within the bounds dictated

by Equations (3a) through (3d), the solution given by Equation (4) suffers from a
boundary effect due to the condition imposed by Equation (3b). The boundary condition

given by Equation (3b) forces the concentrations to be zero along the groundwater table
at all times outside the domain of the strip source. This assumes an intinite mass loss

through the groundwater table back to the unsaturated zone due to molecular diffusion. If
the source within the strip is still active, the rate of m;L<:;Sloss through the groundwater
table will be insignificant, given the high rate of advection within the aqui fer. However, if
the source has already ceased within the strip, the rate of m;L'>Sloss may he domin:lflt since
the contaminant will not be contained within the aquifer at all times.

I t is further stipulated that Equation (4) will describe satisfactori Iy concentrations

very close to the free surface of an uncontined aquifer if the soil gases and pore water
above the phreatic surface are uncontaminated at the onset of the event, provided that the

source at the strip is still active. However, if these conditions are not satistied, Equation
(4) will underestimate the concentration distribution within the aqui fer due the
aforementioned boundary effect. This boundary effect is further illustrated in the
Sensitivity Analysis chapter of this report. Therefore, there exists a need for a rather mass
conservative formulation of the saturated zone transport by treating the groundwater table
as a pseudo-impermeable boundary to the system.

IV. Modification of the Saturated Zone Transport Model
(DILUTE)

IV.1 Mathematical Formulation

The governing mass transport equation for homogeneous ami isotropic aquifers is

given by Equation (1) which can be written with respect to normalized coefticients as:

(5)

The analytical solution of Equation (5) is given for a point source (see Figure 2) at

a location along the boundary x = S, y = a with an instantaneous release of mass in the

liquid phase per unit length along the source, M, as (Hunt, 1983):
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Groundwater Table
r ~ ~

-t\
Point Source

y

x

Figure 2. Schematic of a Point Source

M [(x - 'E, - U t)2

C (X,y,t) = --~-_-_-_-_-exp _ - r

L 4nt.JDx.rDy.r 4DT•rt L-A']4 Dy.r t
(6)

If the contaminant mass in the liquid phase is released at a rate M over time, the
"instantaneous" release in an infinitesimal time interval, dt, can be detined as M = Mdt.

Then, Equation (6) becomes:

• [ ??]

Mdt (x - 'E - U tt y
C (x,y,t) = --===exp _ ;;J r - At

L 4nt.JDx.rDy.r 4DT.rt 4D".rl

where M is mass release rate per unit length along the source [ML-lrl].

(7)

Furthermore, if the m,L<;Sis being released along longitudinal direction over a tinite length
of 2a as depicted in Figure (1), then this release may be simulated by an intinite series of
point sources distributed over the entire length 2a. The strength of each source may he

expressed as M = mas where m is the mass release rate per unit area normal to the

x - y plane [ML-1'-l]. Equation (7) can then he written as:

If the mass release is a function of time as shown in Figure (3), the above temporal
distribution may be simulated by a series of "instantaneous" releases. Each release
contributes to the concentration distribution with a lag time, T. The resulting
concentration distribution is therefore:
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m(-r )

Figure 3. Schematic of a Time-Release Source

JI a ,

ml: X-~-U(t-T)~:2

CL(x,y,t)= f J) exp[-[ r ] - y -A(t-T)](!E,(/-r;4n(t -l:) Dx,rD",r 4Dt,rCt -T) 4D".r(t -T) -
o -0' .

(9)

Equation (9) may be written as

C, (X,y, t) - r m(1:) exp[ - y' - A(t -1:)] ,o 2n ~ D".r (t - T) 4D".r (t - T)

{f +CI [ r ]
1 x-~-Ur(t-T)-

exp - dE, elT

_0 .J4D",(t -1:) [ 4D,,(t -1:) ]-

( 10)

The solution of the integral given in the curly brackets in Equation (10) can be found in
terms of an error function of the form:
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Thus, the final solution becomes:

I

cL(x,y,t)=J ~ meT) exp[- y2 -/....(t-l:)]'4 nD (t-l:) 4D (t-l:)y,r y,r
o

{err[ x - UJt-T) + a ] _ erf[ x - UJt-T) - a ]}(h.J4D •.r(t - l:) .J4Dx.r (t - l:)

(11)

( 12)

It should be noted that the time-varying mass release rate can explicitly be computed from
the unsaturated zone solution as:

(13)

where CL(l:) is the liquid phase concentration introduced within the strip source at the

groundwater table by the unsaturated zone transport, and u is the specific discharge to
the groundwater table from the unsaturated zone (Darcy velocity).

IV.2 Method of Solution

Considering the temporal discretization scheme shown in Figure (4) and assuming
that mass m = m!1t is released instantaneously at the mid-point of each rectangle,
Equation (12) can be written in discretized form as:

(14)
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Pickens and Lennox tirst solved the steady-state now problem for an
approximately 50 m thick unconfined aquifer. Close observation of their results reveals

that the flow field in the aquifer is approximately horizontal, especially downgradient from
the input source. From their figures, it was roughly estimated that the head gradient of the

flow field is 0.0122 and the length of the strip source is 160 m. The authors also provide
other pertinent parameters as follows: hydraulic conductivity 0.5 m/day, porosity 0.3. and

bulk density of soil 1.8 gr/cm3• Based on the above, it was estimated that the aquifer tlu\\
velocity is 0.0203 m/day. Furthermore, neglecting the. molecular diffusion. the
hydrodynamic dispersion coefficients are defined therein as:

( 1~)

( 19)

where a is the soil dispersivity, and the subscripts Land T represent longitudinal and

transverse directions, respectively. All subsequent runs presented in this cl1<lptl:r assumes
no sorption, therefore the retardation coefficient RJ is equal to unity.

Figure (6) given below shows the Pickens and Lennox (1976) results fur;1
continuous, normalized step input.

~~------'-~----<J~

r

I

I ~ I. '\: ) . aL = aT = 10m l
~ ::~ I '\ I I
~ I . ,

o 50 100
METR ES

]

]

a L = a ,T = 100 m l

a L = aT = I m

The Effect of Dispersivity on Concentration Distribution fur

a L / aT = 1 and I = 15 years (from Pickens and Lennox, 1976).

Figure 6.
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Figure (7) given below shows the results obtained from previous and new versions
of the DILUTE model executed for the same scenario used by Pickens and Lennox (1976)
for a L = aT = 1 m. A close observation of the results shown in Figure (7) reveals that

the agreement between the two schemes is very good, except for the boundary effect
observed in the old scheme. The boundary effect which was discussed previously is
apparent in isoconcentration lines shown in Figure (7). They tend to close back to the
source since the concentrations are forced to be zero at the groundwater table outside the
strip source. If, however, the contour lines continued instead of closing back to the
source, one would observe the exact same behavior shown in the results of the new
scheme.

o

25
Old DILUTE

50
-100 -50 o 50 100 150 200 250

o

25
New DILUTE

50
-100 -50 o 50 ·100 150 200 250

Figure 7. The Effect of Dispersivity on Concentration Distrihution for
a L = aT = 1 m and t = 15 years

Similarly, Figure (8) shows the results obtained from previous and new versions of
the DILUTE model executed for a L = aT = 10 m. As was the case in Figure (7), the

results of both schemes are in agreement except for the aforementioned boundary effect.
It should be noted however, that the source for these runs was assumed to be continuous
for the total duration of simulation (15 years). As discussed earlier, the rate of mass loss
due to the boundary effect is negligible as long as there is contaminant replenishment in
the system.
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Figure 9.
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~- ..z UJu:z0u 0~1015ZOZS303S404550

TIME
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A Variable Input Concentration History (from Pickens anu Lennox, lSl76)

O.9.-/""~~·~~~§§~~~--;--6~·:;?5)~ ~0·1

!

!

~ 5o[C~ 25
w
:E

o 50 100
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TIME = 20 YEARS

TIME z 35 YEARS

Figure 10. Concentration Distributions for Variable Concentration Distribution Shown in

Figure (9) and a L = 10 manu CJ. r = 0.5 m (from Pickens and Lennox, 1976).
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For the scenario depicted in Figure (9), the results obtained with the present model
as well as the previous one are shown in Figures (11) through (13).

o

25

50
-100

""'-'-.--,--.~-.-.- ,
....•••..•. '.'..•.......................... ' , ,................................. . . . ....... ... ..... . . . .... .. .

-50 o 50 100 150

Old DILUTE

200 250

o

25

0.9
0.1

New DILUTE
50
-100 -50 o 50 100 150 200 250

Figure 11. Concentration Distributions for a I. = 10 m and aT = 0.5 111. I = 20 years.

25 Old DILUTE

50
-80 o 100 200 300 400 500

o

25
New DILUTE

50
-80 o 100 200 300 400 500

Figure 12. Concentration Distributions for a L = 10 m and aT = 0.5 m. I = 35 years.
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25

50
-80

Old DILUTE

o 100 200 300

0.01

400 500

25

New DILUTE

50
-80 o 100 200 300 400 500

Figure 13. Concentration Distributions for a L = 10 m and 0. T = 0.5 m, I = 50 years.

The results presented in Figure (11) show the same trend observed in Figurt.>s (7)
and (8). Since the source at the strip is still active at l = 20 years (see Figure tJ), the rail:

of mass loss through the phreatic surface due to the aforementioned boundary effect is
negligible in the results of the old scheme. However, the boundary effect is more
prominent for the results presented in Figure (12) for l = 35 years which is the source

cessation time. Figure (13) shows a great magnitude of mass loss (reduced
concentrations) for the simulations performed for l = 50 years. It should be noted.
however, that despite the boundary effect observed in the old DILUTE model. both

schemes approximate the plume delineation with the same accuracy.
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VI. Source Code of New DILUTE Subroutine

The old DILUTE subroutine was replaced with the following in IMPACf v3.2.
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C----------------------------------------------------------------------­
C-----------------------------------------------------------------------

SUBROUTINE DILUTE (CD)
C----------------------------------------------------------------------­
C-----------------------------------------------------------------------
C
C .•.THIS IS A TWO-DIMENSIONAL SATURATED TRANSPORT MODEL WHICH TAKES
C •••THE CONCENTRATION HISTORY OBSERVED AT THE GROUNDWATER TABLE AS INPUT
C •••INTO THE UNDERLYING AQUIFER IN TERMS OF MASS FLUXES AT G.W.T.
C
C-----------------------------------------------------------------------
C •..OPEN AND READ FILE WITH RESPECT TO THE RUN NUMBER SUPPLIED IN IMPACT
C-----------------------------------------------------------------------

INTEGER XDIM,ZDIM,TDIM
PARAMETER(ZDIM=201,XDIM=51,TDIM=2235,NLAY=4)

C-----------------------------------------------------------------------

COMMON/BLK15/UDT,UTHO,UAKS,UDZ,UDIS
COMMON/BLK29/IUNIT,JUNIT,KUNIT
COMMON/BLK30/BELL,BLINK
COMMON/BLK32/REVERS,NORMAL
COMMON/BLK33/BOLD
COMMON/BLK40/IUN
COMMON/BLK44/FTIME
COMMON/BLK47/NUMX, NUMY, NUMT, BAQ
COMMON/BLK48/XX,YY,SIMT(100),TAU,IK
COMMON/BLK49/DSX,DSY,VX,A
COMMON/BLK50/ALAMDA,RD
COMMON/BLK51/XL(100),YL(100)

C-----------------------------------------------------------------------
DIMENSION TIM(TDIM),CONC(TDIM),FLUX(TDIM),CD(20,20,100)
CHARACTER*8 UDT,UTHO,UDZ,UAKS,UDIS
CHARACTER BELL*1,BLINK*4,NORMAL*4,BOLD*4,REVERS*4
LOGICAL FTIME

C-----------------------------------------------------------------------
C ...READ DATA FROM THE FILE AND DETERMINE NUMBER OF TIME VALUES
C~----------------------------------------------------------------------

REWIND(UNIT=30)
111=1

10 READ(30,*,END=111) TIM(III),CONC(III),FLUX(III)
111=111+1
GOTO 10

C-----------------------------------------------------------------------
111 NTIME=III-1

JTIME=NTIME-1

DTT=(TIM(NTIME)-TIM(l»/JTIME
C-----------------------------------------------------------------------
C ..•READ AQUIFER PROPERTIES, LOCATION AND THE TIME VALUE IN QUESTION
C-----------------------------------------------------------------------

IF(FTIME) THEN
C-----------------------------------------------------------------------
101 WRITE(JUNIT,104)REVERS,NORMAL,BOLD,NORMAL,BOLD,NORMAL,BOLD,

NORMAL, REVERS, NORMAL
104 FORMAT(/IX,A,'ENTER' ,A,//5X,'NUMBER OF X LOCATIONS IN THE',

'AQUIFER [MAX 20]' ,T55,A,'<NUMX>' ,A,/5X,
'NUMBER OF Y LOCATIONS IN THE AQUIFER [MAX 20]' ,T55,
A, '<NUMY>, ,A/5X, 'NUMBER OF SIMULATION',
'TIMES [MAX 100]' ,T55,A,'<NUMT>' ,A//IX,A,
'RESPECTIVELY' ,A,' I " $)

READ(IUNIT,*,ERR=101) NUMX,NUMY,NUMT
IF(IUNIT.NE.1) CALL DATA

109 IF(NUMX.LT.l.0R.NUMX.GT.20) THEN
WRITE (JUNIT, 115)BLINK,NORMAL,BELL,BELL

115 FORMAT(/5X,A, 'INVALID ENTRY FOR <NUMX>, REENTER',
A,' I ',2A, $)
READ(IUNIT,*,ERR=109) NUMX
GOTO 109

END IF
116 IF(NUMY.LT.1.0R.NUMY.GT.20) THEN

WRITE (JUNIT, 117)BLINK,NORMAL,BELL,BELL
117 FORMAT(/5X,A,'INVALID ENTRY FOR <NUMY>, REENTER',

A,' I " 2A, $)
READ(IUNIT,*,ERR=116) NUMY
GOTO 116

END IF
118 IF(NUMT.LT.1.0R.NUMT.GT.I00) THEN

WRITE (JUNIT, 119)BLINK,NORMAL,BELL,BELL
119 FORMAT(/5X,A, 'INVALID ENTRY FOR <NUMT>, REENTER',

A,' I " 2A, $)
READ(IUNIT,*,ERR=118) NUMT
GOTO 118

END IF
WRITE(KUNIT,*)NUMX,NUMY,NUMT

C-----------------------------------------------------------------------
DO 14 I=l,!IUMX

103 WRITE(JUNIT,105)BOLD,I,NORMAL
105 FORMAT(/lX, 'ENTER X VALUE' ,2X,A, '<XL(' ,13,' »' ,A,' : ',$)

READ(IUNIT,*,ERR=103)XL(I)
IF (IUlIIT.NE.1) CALL DATA
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0.0183 0.10540.00290.00000.00000.00000.00000.00000.00000.0000
0.0000

0.00000.00000.00000.00000.00670.01670.00000.00000.0171
0.0362

0.00040.00710.01380.00000.00000.00000.01750.05330.0067
0.0000

0.00460.00170.00120.03170.02960.00000.00000.03130.0000
0.0154

0.00000.00000.04010.00830.00290.00170.00000.00000.0362
0.0279

0.00000.03970.00330.00000.00250.00000.01830.00000.0017
0.0321

0.01170.00000.02620.00000.00000.00000.00040.04460.0150
0.0000

0.00880.00000.00000.00000.00500.01620.00000.00000.0000
0.0375

0.00000.00120.03850.01210.00000.02830.00630.00000.0000
0.0425

0.00000.00460.04830.00500.00040.00000.00000.00000.0000
0.0167

0.00000.00000.01130.00000.00170.00000.03920.00000.0626
0.0304

0.00120.00380.00120.00000.00000.00670.00000.00000.0000
0.0200

0.00210.00000.03540.00000.00000.00750.03500.01420.0012
0.0008

0.01380.00000.00960.04170.00000.00000.01000.00210.0004
0.0000

0.00000.00000.00000.02130.01500.00420.00040.00000.0000
0.0012

0.00000.00210.02370.04080.00000.00000.00000.00000.0000
0.0501

0.00000.00080.00210.00000.00000.04080.00000.08290.0000
0.0017

0.00420.00830.01330.00000.00000.00000.00000.07690.0371
0.0000

0.00000.00000.00790.02580.00000.00080.00000.01500.0435
0.0732

0.00000.00000.04900.03210.00000.00000.00000.01170.0204
0.0000

0.00000.00120.00000.00000.00000.00000.00750.01080.0651

0.0000
0.00540.00040.01330.00420.03080.00000.01170.00000.0397

0.0000
0.00000.00000.00000.00000.00000.00170.00000.00000.0162

0.0004
0.00000.00000.00000.00000.07140.00000.00960.00000.0050

0.0426
0.00000.00080.00000.02670.03580.00000.00000.00000.0000

0.0000
0.00000.01290.00880.02670.03410.00170.00290.01620.0000

0.0000
0.00000.09290.00000.00000.00000.00000.00380.00380.0096

0.0000
0.01210.00250.02880.00210.01170.00120.01000.03000.0033

0.0000
0.04470.00120.00330.01670.00120.05880.00000.00960.0000

0.0133
0.00000.00000.00000.00000.04410.03460.00040.04440.0246

0.0000
0.01210.02710.00330.02370.00830.01380.00000.02500.0213

0.0067
0.01040.01580.01250.00120.02250.02960.01040.04410.0004

0.0000
0.00000.00000.00000.00000.00000.00000.00000.00000.0000

0.0000
0.00000.00000.00000.00000.00000.00040.00000.00000.0000

0.0000
0.00000.00830.06070.00040.09380.00000.03000.00000.0000

0.0325
0.05720.03080.00000.00000.00000.00080.00580.00000.0000

0.0000
0.05250.02580.00080.05730.00000.00000.00000.00120.0000

0.0000

0.00000.00000.01620.01960.00000.01330.01170.00000.0000
0.0000

0.00000.00880.02500.00000.00000.00000.00000.03700.0004
0.0000

0.00000.00290.00000.00120.00000.01040.00000.00000.0012
0.0113

0.00040.00000.00120.01540.02370.00000.02540.00000.0313
0.0000

0.00000.00000.00000.00000.00000.00420.01000.01500.0000
0.0079

0.05140.00040.02830.02330.00000.01080.00000.00040.0000
0.0595

0.01080.00000.00000.00000.01170.00000.00040.00290.0025
0.0096

0.00120.00210.00000.01290.00080.00000.01960.00080.0000
0.0225

0.00460.00920.00380.01000.02500.05660.01080.00000.0000
0.0096

0.00080.00120.07910.00000.00000.00000.01670.00000.0000
0.0000

0.00000.01330.05060.00000.00040.03460.01620.00880.0054
0.0058

0.00000.00000.00000.00000.00000.00000.01920.02040.0021
0.0000

0.00330.00000.00000.00000.00000.00000.00000.00000.0325
0.0000

0.00000.00000.00250.00000.02500.OG040.00000.00000.0425
0.0004

0.00000.00630.00540.00580.03460.04120.00000.00000.0000
0.0000

0.00000.00000.00000.00000.00080.00000.02920.00670.0577
0.0000

0.00080.00000.00000.00000.00040.00000.01870.05030.0008
0.0000

0.03460.02830.00120.01210.00000.00000.05870.02830.0000
0.0113

0.02710.00000.00000.00080.00000.00170.03210.00500.0000
0.0000

0.00000.05350.00420.00000.00000.08500.00420.01000.0029
0.0000

0.00000.00000.00000.00000.00120.01170.00920.00080.0138
0.0008

0.03210.00000.00000.06530.00000.00080.00000.02500.0004
0.0500

0.00000.00000.00000.00000.00000.00000.04330.00170.0117
0.0000

0.00040.00000.00000.00000.02710.00000.00500.00000.0104
0.0000

0.00000.00000.00000.00000.00170.02040.00000.00000.0083
0.0154

0.01380.00000.02750.00000.00420.01460.00080.00000.0004
0.0004

0.03830.00040.00000.00000.02830.00000.00500.00170.0000
0.0283

0.01000.04720.00000.00000.02500.00040.01170.00880.0208
0.0000

0.00000.00880.00120.00000.00000.00120.00000.00000.0000
0.0000

0.00000.00000.00000.00120.00000.00380.00000.00000.0000
0.0329

0.00000.00000.00000.00500.01670.00080.01620.00000.0258

0.0171

0.00000.00000.00170.01380.00000.00000.02750.01630.0038
0.0038

0.00120.00920.00880.00000.00040.00000.00000.00000.0063
0.0067

0.00120.00000.00000.01580.00000.00000.02130.00000.0000
0.0518

0.00080.00000.00000.00000.00170.03460.00040.00040.0000
0.0000

0.00920.00750.00000.00000.01210.01620.00000.00000.0000
0.0000

0.00000.00000.00620.01000.00000.00000.02500.00580.0071
0.0283

0.00120.00000.00000.00000.00000.06940.00000.00210.0000
0.0000

0.00000.00000.00000.00000.00000.00000.00000.00000.0000
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0.0067 0.00000.02000.00630.00250.10320.00750.00380.00000.0000
0.0000

0.00000.00040.02790.00000.00000.05290.00170.00120.0000
0.0000

0.03460.00000.00920.00250.00000.00380.00000.02710.0017
0.0021

0.00000.00000.01620.00000.00080.00580.05130.00330.0456
0.0000

0.00000.05540.00250.00000.02170.00290.00000.00710.0000
0.0000

0.02580.00330.01120.00080.00460.01380.02790.00250.0000
0.0000

0.00000.01130.00000.01210.00170.00210.02130.01170.0000
0.0004

0.00000.00000.01710.00000.00460.02330.00040.00000.0133
0.0000

0.06070.02620.00000.00000.04580.00000.01380.02580.0029
0.0000

0.00040.03830.00330.00000.00000.00000.00000.00000.0113
0.0100

0.00000.00000.00040.00000.00000.00000.00000.00000.0033
0.0250

0.00710.02290.00000.00000.00000.04730.00000.01040.0108
0.0004

0.00000.00000.00000.00080.00040.00000.06070.02620.0000
0.0453

0.00290.00000.00000.01920.00120.00040.00000.03330.0000
0.0004

0.00000.00000.00000.00000.00040.00000.00000.01580.0000
0.0042

0.00000.00000.00000.00000.00000.00120.00000.00000.0000
0.0067

0.00000.00000.00000.00040.00000.00000.00000.00960.0362
0.0279

0.00880.00000.00000.00000.00000.00000.00000.02040.0063
0.0012

0.00000.00000.00000.00000.00000.00000.00250.00000.0000
0.0000

0.00000.00000.00170.02130.00460.00000.03930.01000.0071
0.0000

0.00580.06040.01290.00000.00040.03460.00040.00120.0012
0.0133

0.00120.00040.03620.00040.00080.01330.00000.00000.0283
0.0325

0.00000.00000.01620.00000.00000.00000.02710.00170.0000
0.0000

0.00420.00000.00000.04900.01250.01420.00540.00250.0000
0.0000

0.00000.00170.03000.00000.00000.00000.03290.00000.0000
0.0000

0.00000.01000.01750.00830.01210.00710.00000.00750.0217
0.0000

0.00790.00000.00000.00750.01670.00170.00000.03250.0042
0.0000

0.00000.00750.02920.00120.00000.02210.00000.00380.0113
0.0000

0.00000.00000.00000.00000.00000.00040.00000.00170.0025
0.0096

0.01580.01830.00000.00000.00210.00000.00000.00670.0046
0.0004

0.00000.00000.00000.00000.00000.00330.00500.00120.0000
0.0042

0.02620.00000.00040.01710.01670.00000.00040.00000.0008
0.0000

0.00000.03130.00580.00330.03290.01620.00000.00540.0000
0.0029

0.00000.01460.00120.00540.00000.00000.02420.00000.0000
0.0000

0.00000.00000.01170.00000.00000.00080.00000.00000.0527
0.0000

0.00000.01670.00000.00000.05380.00330.00250.00880.0008
0.0000

0.00000.00080.00630.00000.00000.00000.00000.00210.0000
0.0000

0.00960.00000.00080.00420.00880.00120.00000.02040.0021
0.0004

0.01210.00000.00000.00040.00000.00000.00000.01170.0296
0.0004

0.00000.00000.00000.00000.03540.00000.00000.00000.0233
0.0000

0.02080.00000.00000.00000.00000.00000.00000.00000.0217
0.0000

0.00540.00330.02080.01210.00120.00000.00000.00000.0012
0.0687

0.01830.00000.00080.00000.02330.01130.03620.00830.0021
0.0071

0.00000.00000.01120.00290.00000.00000.00040.00210.0125
0.0000

0.00000.00000.00000.00080.00210.00040.00000.00000.0042
0.0000

0.00000.00000.01080.01040.02750.01380.02370.04130.0021
0.0000

0.00000.01460.00000.00330.00000.00040.07930.00000.0104
0.0054

0.01000.04700.00000.00000.00000.00000.00580.00790.0000
0.0017

0.00000.00120.00000.00000.00000.00000.00210.00170.0000
0.0000

0.00000.00000.00000.00000.00000.00000.00000.0187 .0.0000
0.0000

0.00170.00710.00960.00000.00120.00000.00000.00000.0321
0.0029

0.03080.05290.00000.00000.00210.00000.00000.00000.0033
0.0000

0.02750.00000.00000.00000.00000.06400.00580.00000.0025
0.1172

0.00040.00000.00500.01500.03540.00000.00080.00000.0008
0.0000

0.00000.00830.00170.08530.00000.00000.00000.00000.0000
0.0000

0.04490.00540.00710.00000.00880.00380.00000.00000.0083
0.0000

0.00000.00290.01130.03500.00000.00000.00080.00170.0000
0.0012

0.01170.00580.00000.00000.02420.00000.02790.00000.0500
0.0008

0.00000.00000.00080.01040.00000.00000.00210.00000.0000
0.0017

0.00000.00000.00000.02880.00210.00210.01130.00000.0652
0.0000

0.00670.00080.00000.00000.00710.00630.02130.00000.0000
0.0046

0.00000.02130.10190.00000.00040.00500.01750.02330.0000
0.0117

0.03370.00000.00000.02330.00000.00000.00000.01920.0008
0.0017

0.00000.00000.00750.02290.00000.00460.01000.01250.0389
0.0000

0.01000.00420.02920.03900.00000.03460.00290.00330.0000
0.0008

0.00000.00000.00710.00000.01750.00000.00000.00000.0000
0.0000

0.00000.00000.00380.00000.07140.00000.02710.01250.0000
0.0000

0.02170.06290.02960.00000.00080.10190.00080.01080.0192
0.0000

0.00330.0208o . 03130.00000.01290.00580.00000.03990.0393
0.0000

0.02330.00000.00290.00000.00000.00630.00170.00460.0525
0.0557

0.00000.00000.00000.00000.00000.00120.01040.00000.0000
0.0054

0.00000.01170.00000.00040.00000.02710.00000.00000.0000
0.0000

0.00000.05060.00000.00040.00000.02670.00000.00000.0393
0.0000

0.00000.00000.02330.00170.00000.00000.00000.00250.0008
0.0033

0.01250.00040.00500.02540.01250.00000.01040.00000.0557
0.0000

0.00370.00880.05810.00000.00000.00000.00000.01170.0012
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0.0075 0.03040.00000.01330.00210.00080.01130.00170.00000.0000
0.0401

0.00000.00000.00000.00710.00000.00000.00330.00380.0296
0.0000

0.00000.00000.00170.00000.00040.00000.00000.00000.0000
0.0000

0.00000.00000.02540.00000.00000.00000.00290.00580.0648
0.0000

0.04490.00790.00000.01500.00000.00000.00000.00000.0033
0.0017

0.00380.00120.00000.00000.00000.00040.00000.00000.0000
0.0595

0.00080.00210.01500.00000.00580.00000.00000.00000.0354
0.0000

0.01130.00120.00750.00170.02290.00000.02210.10140.0029
0.0075

0.00000.00000.00000.00000.06500.00080.00710.05090.0067
0.0000

0.02420.01000.00000.00000.00250.00000.00000.00000.0000
0.0000

0.00000.00000.02830.00000.00000.04590.00000.00000.0000
0.0246

0.00670.00000.00000.01460.00000.00000.02460.00000.0012
0.0192

0.00630.00330.00000.00000.00000.04190.00000.01540.0000
0.0453

0.00000.00000.00000.00000.00000.00000.00000.00000.0000
0.0000

0.00170.00000.03330.00000.00000.00000.00000.00000.0337
0.0000

0.00000.01420.00000.00120.00000.00000.00120.00000.0366
0.0478

0.03000.00000.00210.04060.00080.00000.00540.00080.0071
0.0092

0.01630.06870.00170.00000.00000.00000.02080.01000.0000
0.0004

0.01790.01750.00000.01080.00000.00540.00000.00000.0067
0.0004

0.00000.00000.00000.00000.00210.00000.00830.01790.0000
0.0054

0.02040.00290.01580.00000.00000.05530.00000.00000.0000

0.0000
0.01330.00000.02080.00000.00040.00460.00920.00000.0108

0.0000
0.00000.00000.00000.00000.00000.00710.05410.04860.0000

0.0075
0.00000.00290.01870.00000.00000.01250.00000.00040.0183

0.0421
0.00000.04570.00380.00000.00080.00000.00330.00000.0021

0.0667
0.00080.00000.00040.00000.00210.03700.00000.00000.0000

0.0000
0.00000.00710.00790.00170.00000.01500.00000.01750.0358

0.0000
0.00330.00000.00630.01080.00000.00000.00000.00210.0000

0.0237
0.02170.02750.00500.00000.02420.02000.00460.02500.0050

0.0821
0.04900.00210.00710.02920.00000.00080.01170.00000.0288

0.0079
0.00540.00000.00000.00000.00170.00000.00000.00080.1667

0.0129
0.00790.00000.00000.00000.00000.02080.00000.00000.0000

0.0000
0.01830.00000.02880.01210.00000.01000.00000.00040.0033

0.0000
0.00000.00540.01290.00000.00000.00000.00000.00000.0225

0.0354
0.01870.00960.00000.00630.00580.00000.01420.00330.0000

0.0000
0.00000.00000.00250.00000.00000.00830.03250.05380.0000
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***** INPUT DATA FOR MASS TRANSPORT MODEL *****

THIS IS A SIMULATION FOR NONBIODEGRADABLE MATTER

PRINTOUT FREQUENCY

NATURE OF THE SUBSTRATE

200

BENZENE

SOIL 1

FUGACITY COEFFICIENT

=0.8300E+02ML/GR

LONGITUDINAL SOIL DISPERSIVITY

=0.2000FT

TRANSVERSE SOIL OISPERSIVITY

=0.0200FT

FIRST ORDER ADSORPTION COEFFICIENT

=0.4150E+OOML/GR

FIRST ORDER DESORPTION COEFFICIENT

=O.OOOOE+OOML/GR 1/DAY

BULK ~ATER DIFFUSION COEFFICIENT

=0.6950E-04M2/DAY

BULK

AIRDIFFUSION COEFFICIENT =0.8310E+OOM2/DAY

HENRY'S CONSTANT

=0.2330

SOIL BULK DENSITY

=0.1500E+01GR/CM3

INITIAL TOTAL CONCENTRATION

(MG/KG)
...........................

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1000E+010.1000E+010.1000E+01O.1000E+01O.1000E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1000E+010.1000E+01O.1000E+010.1000E+010.1000E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1000E+010.1000E+010.1000E+010.1000E+010.1000E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1000E+010.1000E+01O.1000E+010.1000E+01O.1000E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.1000E+010.1000E+010.1000E+010.1000E+01O.1000E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
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O.OOOOE+OO O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO

INITIAL liQUID PHASE CONCENTRATION

(MG/l)..................................
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1708E+010.1708E+010.1708E+010.1708E+010.1708E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1708E+010.1708E+010.1708E+010.1708E+010.1708E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1708E+010.1708E+010.1708E+010.1708E+010.1708E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1708E+010.1708E+010.1708E+010.1708E+010.1708E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO0.1708E+010.1708E+010.1708E+010.1708E+01o .1708E+01
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOo..oOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
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***** RESULTS *****
................................................

MONTHLY MEAN TEMPERATURES (F)

.............................
JAN

FEBMARAPRMAYJUNJULAUGSEPOCTNOVDEC

30.20

32.8041.7052.3062.9071.9077.1075.9068.30 57.0046.9035.80

CN

=72.

THF =

10.00 (%)

THII=

7.00 (%)

DRZ =

3.00 (FT)

SUMMARY OF IIATER BALANCE METHOD
(All results are in [mm])...............................

JAN

FEBMARAPRMAYJUNJULAUG

P

84.9378.5598.0695.7097.9475.92113.0996.55
RUNOFF

2.792.003.894.675.231.918.087.85
I

82.1476.5594.1791.0292.7174.01105.0188.69
PET

0.000.3615.0045.6291.94132.71160.15143.27
. I-PET

82.1476.1879.1645.410.77-58.71-55.15-54.58

S(I-PET)

0.000.000.000.000.0058.71113•86168.43
ST

27.4327.4327.4327.4327.433.320.480.16
dST

0.000.000.000.000.00-24.11-2.85'0.32
AET

0.000.3615.0045.6291.9498.12107.8589.01
PERC

82.1476.1879.1645.410.770.000.000.00

SEP

OCTNOVDECANNUAL TOTALS

P

92.5774.49100.1189.341097.25
RUNOFF

7.713.656.912.22 56.93
I

84.8770.8493.2087.121040.32
PET

96.6952.8622.093.16763.87
I-PET

-11.8217.9871.1083.95

S(I-PET)

180.250.000.000.00
ST

0.1418.1127.4327.43214.23
dST

-0.0217.989.320.00 0.00
AET

84.8952.8622.093.16610.91
PERC

0.000.0061.7983.95429.41

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 200 0.4111E-04 FTIDAY ( 21 3/1960)

CONCENTRATION DISTRIBUTION AT400.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.2050E-01

0.2102E-010.2240E-Ol0.2410E-010.2547E-010.2600E-010.2547E-010.2410E-Ol
0.2240E-01

0.2102E-010.2050E-Ol
0.5665E-01

O.5810E-010.6192E-Ol0.6664E-01o .7046E-01O.7192E-01O.7046E-010.6664E-01
0.6192E-01

O.5810E-010.5665E-01

0.1094E+OO
0.1122E+OO0.1197E+OO0.1288E+OOO.1362E+OOO.1390E+000.1362E+000.1288E+OO

O.1197E+OO
O.1122E+OOO.1094E+OO

0.1744E+OO
O.1789E+OO0.1907E+OOO.2053E+OOO.2171E+OO0.2217E+OO0.2171E+00O.2053E+00

0.1907E+OO
O.1789E+OO0.1744E+OO

0.2437E+OO
0.2500E+OO0.2665E+OO0.2869E+OO0.3034E+OO0.3097E+OO0.3034E+OO0.2869E+OO

O.2665E+OO
O.2500E+OOO.2437E+OO

O.3077E+OO
O.3156E+OOO.3364E+OOO.3620E+OOO.3827E+OO0.3907E+OO0.3827E+OOO.3620E+00

O.3364E+OO
O.3156E+OOO.3077E+OO

0.3563E+OO
O.3654E+000.3892E+000.4187E+OO0.4425E+000.4517E+000.4425E+000.4187E+OO

0.3892E+OO
0.3654E+OO0.3563E+00

0.3812E+OO

O.3908E+000.4161E+OO0.4473E+OO0.4726E+OO0.4823E+OO0.4726E+OO0.4473E+OO
0.4161E+OO

O.3908E+OO0.3812E+OO

~")

.J~



-
O.3784E+OO

O.3879E+OOO.4127E+OOO.4434E+OOO.4682E+OOO.4777E+OOO.4682E+OO0.4434E+OO
O.4127E+OO

O.3879E+OOO.3784E+OO
O.3495E+OO

O.3581E+OOO.3807E+OOO.4087E+OOO.4313E+OOO.4399E+OOO.4313E+OOO.4087E+00
O.3807E+OO

O.3581E+OOO.3495E+OO
O.3008E+OO

O.3081E+OOO.3273E+OOO.3510E+OOO.3702E+OOO.3775E+OOO.3702E+OO0.3510E+OO
O.3273E+OO

O.3081E+OOO.3008E+OO
O.2416E+OO

O.2474E+OOO.2626E+OOO.2814E+OOO.2966E+OOO.3024E+OOO.2966E+OOO.2814E+OO
O.2626E+OO

O.2474E+OOO.2416E+OO
O.1815E+OO

O.1858E+OOO.1970E+OOO.2109E+OOO.2222E+OO0.2265E+OOO.2222E+OOO.2109E+00
O.1970E+OO

O.1858E+OOO.1815E+OO
O.1277E+00

O.1307E+OO0.1385E+OO0.1481E+OOO.1559E+OO0.1588E+00O.1559E+000.1481E .•00
O.1385E+OO

0.1307E+OO0.1277E+OO
0.8429E-01

0.8622E-OlO.9128E-01O.9753E-OlO.1026E+OO0.1045E+OOO.1026E+000.9753E-Ol
0.9128E-01

0.8622E-Ol0.8429E-Ol
0.5225E-01

0.5343E-01O.5652E-010.6034E-01O.6343E-01O.6461E-01O.6343E-010.6034E-01
O.5652E-01

0.5343E-01O.5225E-01
O.3038E-Ol

0.3106E-Ol0.3283E-OlO.3502E-Ol0.3679E-Ol0.3746E-01O.3679E-Ol0.3502E-01
0.3283E-01

0.3106E-Ol0.3038E-Ol
0.1636E-Ol

0.1672E-Ol0.1766E-OlO.1882E-010.1976E-OlO.2012E-OlO.1976E-Ol0.1882E-Ol
0.1766E-Ol

0.1672E-01O.1636E-Ol
0.7550E-02

0.7714E-02O.8145E-020.8676E-02O.9106E-02O.9271E-020.9106E-020.8676E-02
0.8145E-02

O.7714E-020.7550E-02
O.1309E-02

O.1337E-02O.1410E-020.1500E-020.1573E-020.1601E-020.1573E-020.1500E-02
O.1410E-02

0.1337E-020.1309E-02

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP

400 =0.1588E-02FTIDAY( 31 9/1961)

CONCENTRATION DISTRIBUTION AT

800.DAYS MGll

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.1065E-01

0.1069E-Ol0.1079E-Ol0.1092E-OlO.1102E-01O.1106E-Ol0.1102E-Ol0.1092E-01
0.1079E-Ol

0.1069E-OlO.1065E-Ol
0.3112E-01

0.3123E-Ol0.3153E-OlO.3189E-Ol0.3219E-Ol0.3230E-Ol0.3219E-Ol0.3189E-Ol
O.3153E-01

0.3123E-Ol0.3112E-Ol
O.6113E-01

O.6135E-Ol0.6194E-OlO.6267E-OlO.6326E-Ol0.6348E-Ol0.6326E-OlO.6267E -01
0.6194E-01

O.6135E-Ol0.6113E-01
O.9919E-01

O.9956E-Ol0.1005E+000.1017E+000.1027E+000.1031E+000.1027E+000.1017E+OO
0.1005E+00

O.9956E-OlO.9919E-Ol
O.1429E+00

O.1434E+000.1448E+000.1466E+000.1480E+000.1485E+000.1480E+000.1466E .•00
0.1448E+00

O.1434E+OO0.1429E+OO
O.1891E+00

0.1898E+00O.1917E+OOO.1940E+OO0.1958E+000.1965E+OO0.1958E+000.1940E+00
O.1917E+00

0.1898E+000.1891E+OO
O.2338E+OO

O.2347E+000.2370E+OO0.2399E+000.2422E+000.2431E+000.2422E+000.2399E+OO
0.2370E+00

0.2347E+00O.2338E+00
0.2730E+OO

0.2740E+OOO.2767E+000.2801E+000.2828E+000.2838E+000.2828E+000.2801E-.00
O.2767E+OO

0.2740E+OO0.2730E+OO
O.3025E+00

0.3037E+00O.3067E+000.3104E+00O.3134E+000.3146E+000.3134E+000.3104E+00

O.3067E+00

0.3037E+000.3025E+00
0.3194E+00

0.3206E+000.3238E+00O.3277E+000.3309E+000.3321E+000.3309E+000.3277E+00
O.3238E+00

0.3206E+000.3194E+00
0.3219E+00

0.3231E+OO0.3263E+000.3303E+000.3335E+000.3347E+000.3335E+000.3303E"00
0.3263E+OO

0.3231E+000.3219E+00
0.3102E+00

0.3114E+000.3144E+OO0.3182E+000.3213E+000.3225E+000.3213E+000.3182E+00
0.3144E+00

0.3114E+000.3102E+OO
0.2861E+OO

0.2872E+000.2900E+000.2935E+000.2963E+000.2974E+000.2963E+000.2935E+00
0.2900E+00

0.2872E+000.2861E+00
O.2528E+00

O.2538E+000.2563E+000.2593E+OOO.2618E+00O.2628E+OO0.2618E+000.2593E+00
O.2563E+00

0.2538E+OO0.2528E+00

0.2141E+00
0.2149E+00O.2170E+00O.2196E+000.2217E+OO0.2225E+OO0.2217E+000.2196E .•OO

O.2170E+00
0.2149E+OO0.2141E+00

0.1737E+OO
0.1743E+000.1760E+000.1781E+000.1798E+000.1804E+000.1798E+000.1781E+OO

0.1760E+00
O.1743E+000.1737E+00

O.1345E+OO
0.1350E+000.1363E+OO0.1379E+00O.1392E+OO0.1397E+00o. 1392E+000.1379E+00

O.1363E+00
0.1350E+000.1345E+00

0.9851EcOl
0.9887E-Ol0.9981E-Ol0.1010E+000.1019E+000.1023E+000.1019E+000.1010e..00

0.9981E-01
0.9887E-Ol0.9851E-Ol

0.6607E-Ol

0.6630E-Ol0.6693E-Ol0.6771E-010.6833E-010.6857E-010.6833E-010.6771E-01
0.6693E-Ol

0.6630E-Ol0.6607E-01
O.3602E-Ol

0.3615E-Ol0.3649E-Ol0.3691E-010.3724E-010_3737E -010.3724E-010.3691E-0'
0.3649E-01

O.3615E-Ol0.3602E-01

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP

600 =0.4989E-02FTIDAY( 4113/1962)
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CONCENTRATION DISTRIBUTION AT1200.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.5780E-02

O.5783E-02O.5792E-020.5803E-02O.5812E-020.5816E-020.5812E-020.5803E-02
O.5792E-02

O.5783E-020.5780E-02
0.1669E-01

O.1670E-010.1672E-010.1676E-Ol0.1678E-01O.1679E-010.1678E-OlO.1676E-Ol
O.1672E-01

0.1670E-010.1669E-01
0.3284E-01

0.3286E-01O.3291E-OlO.3298E-01O.3303E-01O.3305E-010.3303E-Ol0.3298E-Ol
O.3291E-01

O.3286E-01O.3284E-01
0.5401E-01

O.5405E-010.5414E-01O.5424E-01O.5433E-01O.5436E-010.5433E-Ol0.5424E-Ol
0.5414E-01

O.5405E-010.5401E-01
o .7977E-01

O.7982E-010.7995E-010.8011E-010.8024E-Ol0.8029E-010.8024E-Ol0.8011E-Ol
O.7995E-Ol

0.7982E-010.7977E-01
0.1093E+00

0.1094E+000.1096E+000.1098E+000.1100E+000.1100E+000.1100E+OO0.1098E+OO
0.1096E+00

0.1094E+000.1093E+00
O.1413E+00

0.1414E+OO0.1417E+OOO.1419E+OOO.1422E+000.1423E+OO0.1422E+OO0.1419E+00
0.1417E+00

0.1414E+OO0.1413E+OO
0.1740E+00

0.1742E+000.1745E+000.1748E+OO0.1751E+000.1752E+000.1751E+000.1748E+OO
0.1745E+00

0.1742E+OO0.1740E+00
0.2053E+00

0.2054E+000.2058E+00O.2062E+OO0.2066E+000.2067E+OOO.2066E+000.2062E+OO
0.2058E+00

0.2054E+OO0.2053E+00
0.2328E+OO

0.2329E+OO0.2334E+00O.2339E+OO0.2343E+000.2344E+00O.2343E+OO0.2339E+OO
0.2334E+OO

0.2329E+000.2328E+00
O.2544E+OO

0.2545E+000.2550E+00O.2555E+OO0.2560E+OO0.2561E+000.2560E+OO0.2555E+OO
O.2550E+00

0.2545E+OO0.2544E+00
0.2683E+OO

0.2685E+00O.2689E+OO0.2695E+OO0.2700E+000.2702E+000.2700E+000.2695E+00
0.2689E+OO

0.2685E+000.2683E+OO
0.2735E+OO

0.2737E+OO0.2741E+000.2747E+000.2752E+000.2754E+OO0.2752E+OO0.2747E+OO
O.2741E+00

O.2737E+000.2735E+OO
O.2696E+OO

O.2698E+OOO.2703E+00O.2709E+00O.2713E+000.2715E+OO0.2713E+OOO.2709E+OO
O.2703E+OO

0.2698E+OO0.2696E+00
O.2572E+00

0.2574E+OOO.2578E+OO0.2584E+OO0.2588E+000.2590E+OO0.2588E+000.2584E+OO
O.2578E+OO

0.2574E+OOO.2572E+OO
O.2373E+OO

0.2375E+OO0.2379E+OOO.2384E+000.2388E+OOO.2390E+OO0.2388E+OO0.2384E+OO
O.2379E+OO

0.2375E+OO0.2373E+OO
O.2115E+00

0.2116E+00O.2120E+OO0.2124E+OOO.2128E+OOO.2130E+OOO.2128E+OOO.2124E+OO
O.2120E+00

0.2116E+OOO.2115E+OO
O.1813E+00

0.1814E+OO0.1818E+OO0.1822E+OOO.1825E+OOO.1826E+OO0.1825E+00O.1822E+OO
O.1818E+00

0.1814E+OO0.1813E+00
O.1484E+00

0.1485E+OO0.1488E+OOO.1491E+000.1494E+00O.1495E+OOO.1494E+000.1491E+OO
O.1488E+00

0.1485E+OO0.1484E+00
0.1144E+OO

0.1145E+000.1147E+00O.1149E+00O.1151E+00O.1152E+000.1151E+OO0.1149E+OO
0.1147E+00

O.1145E+000.1144E+OO

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP

800 =0.9730E-02FT/DAY( 5/18/1963)

CONCENTRATION DISTRIBUTION AT

1600.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.7241E-02

O.7241E-02O.7243E-02O.7245E-020.7246E-020.7246E-020.7246E-02O.7245E-02
O.7243E-02

0.7241E-020.7241E-02
O.1649E-01

0.1649E-Ol0.1649E-01O.1650E-OlO.1650E-Ol0.1650E-Ol0.1650E-Ol0.1650E-Ol
O.1649E-Ol

O.1649E-Ol0.1649E-Ol
0.2849E-01

O.2850E-Ol0.2850E-Ol0.2851E-OlO.2852E-OlO.2852E-OlO.2852E-Ol0.2851E-Ol
O.2850E-Ol

0.2850E-OlO.2849E-Ol
0.4363E-Ol

O.4364E-Ol0.4365E-Ol0.4366E-Ol0.4367E-Ol0.4367E-Ol0.4367E-OlO.4366E-Ol
0.4365E-Ol

O.4364E-OlO.4363E-Ol
O.6179E-01

O.6180E-OlO.6181E-Ol0.6183E-Ol0.6184E-Ol0.6185E-Ol0.6184E-OlO.6183E-Ol
0.6181E-Ol

0.6180E-Ol0.6179E-Ol
O.8257E-01

0.8257E-Ol0.8259E-Ol0.8261E-Ol0.8263E-Ol0.8264E-Ol0.8263E-Ol0.8261E-Ol
O.8259E-Ol

0.8257E-Ol0.8257E-Ol
0.1053E+00

0.1053E+OOO.1053E+OO0.1054E+OO0.1054E+OO0.1054E+OO0.1054E+OOO.1054E+00
0.1053E+OO

0.1053E+OO0.1053E+00
0.1291E+00

O.1291E+OO0.1292E+OO0.1292E+OO0.1292E+000.1292E+OO0.1292E+OOO.1292E+OO
O.1292E+OO

0.1291E+OO0.1291E+OO
O.1530E+OO

O.1531E+000.1531E+OO0.1531E+OOO.1532E+OOO.1532E+OOO.1532E+OO0.1531E+OO
0.1531E+OO

0.1531E+OO0.1530E+00
0.1759E+OO

0.1759E+OOO.1760E+OOO.1760E+OO0.1761E+OOO.1761E+OO0.1761E+OO0.1760E+OO
O.1760E+OO

0.1759E+OOO.1759E+00
0.1965E+OO

0.1965E+OO0.1966E+000.1967E+OO0.1967E+000.1967E+OOO.1967E+OO0.1967E+OO
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O.1966E+OO O.1965E+OOO.1965E+OO
O.2136E+OO

O.2136E+OOO.2l37E+OOO.2l38E+OOO.2l38E+OOO.2l38E+OOO.2138E+OO0.2138E+00
O.2l37E+OO

O.2l36E+00O.2136E+OO
O.2262E+OO

O.2262E+OOO.2262E+000.2263E+000.2264E+000.2264E+OO0.2264E+000.2263E+00
O.2262E+OO

O.2262E+OOO.2262E+00
O.2333E+OO

O.2333E+OOO.2334E+OO0.2334E+OO .O.2335E+OOO.2335E+OOO.2335E+000.2334E+00
O.2334E+OO

O.2333E+OOO.2333E+OO
O.2345E+OO

O.2345E+OOO.2346E+OOO.2347E+OOO.2347E+OOO.2348E+000.2347E+000.2347E+00
O.2346E+OO

O.2345E+OOO.2345E+OO
O.2298E+OO

O.2298E+OO0.2299E+000.2299E+000.2300E+000.2300E+OO0.2300E+00O.2299E+OO
0.2299E+00

0.2298E+OO0.2298E+00
O.2l93E+00

0.2l93E+000.2194E+OO0.2195E+OOO.2195E+000.2195E+000.2195E+000.2195E+OO
0.2l94E+00

O.2l93E+OO0.2193E+OO
0.2039E+OO

0.2039E+OO0.2039E+OO0.2040E+OOO.2040E+000.2041E+OOO.2040E+OOO.2040E+00
O.2039E+OO

0.2039E+OOO.2039E+OO
0.1845E+OO

0.1846E+OO0.1846E+OO0.1847E+000.1847E+000.1847E+000.1847E+000.1847E+00
0.1846E+OO

O.1846E+00O.1845E+OO
0.1631E+OO

0.1631E+OO0.1631E+OOO.1632E+OO0.1632E+OOO.1632E+000.1632E+000.1632E+00
0.1631E+00

0.1631E+000.1631E+OO

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 1000 =

0.1073E-OlFTIDA Y( 6/21/1964)

CONCENTRATION DISTRIBUTION AT

2000.DAYS MGll

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.3837E-02

0.3838E-020.3838E-020.3838E-020.3838E-020.3838E-020.3838E-020.3838E-02
0.3838E-02

0.3838E-020.3837E-02
0.1129E-Ol

0.1129E-Ol0.1129E-Ol0.1129E-Ol0.1129E-Ol0.1129E-Ol0.1129E-01O.1129E-01
0.ll29E-Ol

0.1129E-010.1129E-Ol
0.2l00E-Ol

0.2l00E-010.2100E-010.2100E-Ol0.2100E-010.2100E-010.2100E-010.2100E·01
0.2l00E-01

0.2l00E-010.2100E-Ol
0.3297E-Ol

0.3297E-010.3297E-010.3297E-010.3297E-010.3297E-010.3297E-01o.3297E-U1
O.3297E-01

O.3297E-010.3297E-Ol
O.4732E-Ol

O.4732E-010.4732E-Ol0.4732E-010.4732E-010.4732E-010.4732E-010.4732E-Ol
O.4732E-Ol

0.4732E-010.4732E-Ol
0.6371E-01

0.6371E-010.6371E-01O.6371E-Ol0.6371E-010.6371E-010.6371E-010.6371E-Ol
O.6371E-Ol

O.6371E-010.6371E-01
O.8159E-01

0.8159E-OlO.8160E-01O.8l60E-010.8160E-Ol0.8160E-010.8160E-010.8160E-01
0.8160E-01

0.8l59E-Ol0.8159E-01
0.1004E+OO

0.1004E+000.1004E+OO0.1004E+00O.1004E+000.1004E+000.1004E+000.1004E+00
0.1004E+OO

0.1004E+OO0.1004E+OO
O.1195E+OO

O.1195E+OOO.1195E+OOO.ll95E+OOO.1195E+OOO.1195E+OO0.1195E+OOO.1195E+00
O.1195E+OO

O.1195E+OOO.1195E+OO
O.1383E+OO

O.1383E+OOO.1383E+00O.1383E+OO0.1383E+000.1383E+00O.1383E+000.1383E+00
O.1383E+OO

O.1383E+OOO.1383E+OO
O.1561E+OO

O.1561E+OOO.1561E+00O.1561E+OO0.1561E+OO0.1561E+000.1561E+000.1561E+OO
0.1561E+OO

O.1561E+OO0.1561E+00
0.1721E+OO

0.1721E+000.1721E+000.1721E+000.1721E+000.1721E+OO0.1721E+000.1721E+00
0.1721E+00

0.1721E+000.1721E+00
0.1857E+00

0.1857E+000.1857E+000.1857E+000.1857E+000.1857E+000.1857E+000.1857E+00
0.1857E+00

0.1857E+000.1857E+00

0.1960E+00
0.1960E+000.1960E+OO0.1960E+000.1960E+OO0.1960E+000.1960E+0.O0.1960E+00

0.1960E+00
0.1960E+000.1960E+00

O.2027E+00
0.2027E+000.2027E+OO0.2027E+000.2027E+00O.2027E+000.2027E+000.2027E+00

0.2027E+00
0.2027E+000.2027E+OO

0.2055E+00
0.2055E+000.2055E+000.2055E+000.2055E+000.2055E+000.2055E+00O.2055E+00

0.2055E+00
O.2055E+000.2055E+00

O.2043E+OO
0.2043E+OO0.2043E+000.2043E+000.2043E+000.2043E+000.2043E+000.2043E+00

O.2043E+OO
O.2043E+000.2043E+00

O.1995E+OO
0.1995E+000.1995E+000.1995E+000.1995E+000.1995E+000.1995E+000.1995E+00

O.1995E+OO
O.1995E+000.1995E+00

O.1918E+OO
0.1918E+OO0.1918E+OO0.1918E+000.1918E+000.1918E+000.1918E+000.1918E+00

O.1918E+00
0.1918E+000.1918E+00

0.1825E+00

O.1825E+000.1825E+000.1825E+000.1825E+000.1825E+000.1825E+OOO.1825E+OO
O.1825E+00

0.1825E+000.1825E+00

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 1200 =

O.1141E-01FTIDAY( 7/26/1965)

CONCENTRATION DISTRIBUTION AT

2400.DAYS MGll

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+uO
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O.OOOOE+OO O.OOOOE+OOO.OOOOE+OO
0.1400E-02

0.1400E-020.1400E-020.1400E-020.1400E-020.1400E-020.1400E-02O.1400E-02
0.1400E-02

0.1400E-020.1400E-02
0.9238E-02

0.9238E-020.9238E-020.9238E-020.9238E-020.9238E-020.9238E-020.9238E-02
0.9238E-02

0.9238E-020.9238E-02
0.1893E-Ol

0.1893E-010.1893E -010.1893E-01 .0.1893E-Ol0.1893E-010.1893E-Ol0.1893E-Ol
0.1893E-Ol

0.1893E-Ol0.1893E-Ol
0.2928E-01

0.2928E-Ol0.2928E-Ol0.2928E-Ol0.2928E-010.2928E-Ol0.2928E-OlO.2928E-Ol
0.2928E-01

0.2928E-Ol0.2928E-Ol
0.4084E-01

0.4084E-Ol0.4084E-Ol0.4084E-Ol0.4084E-Ol0.4084E-010.4084E-Ol0.4084E-Ol
0.4084E-01

0.4084E-010.4084E-Ol
0.5378E-01

0.5378E-010.5378E-010.5378E-010.5378E-010.5378E-010.5378E-Ol0.5378E-Ol
0.5378E-01

0.5378E-010.5378E-Ol
0.6793E-Ol

0.6793E-010.6793E-Ol0.6793E-Ol0.6793E-Ol0.6793E-Ol0.6793E-Ol0.6793E-Ol
0.6793E-01

0.6793E-010.6793E-01
0.8299E-Ol

0.8299E-Ol0.8299E-Ol0.8299E-Ol0.8299E-010.8299E-010.8299E-01O.8299E-ul
0.8299E-Ol

0.8299E-Ol0.8299E-Ol

0.9856E-Ol

0.9856E-Ol0.9856E-Ol0.9856E-Ol0.9856E-Ol0.9856E-Ol0.9856E-010.9856E-01
0.9856E-Ol

0.9856E-Ol0.9856E-Ol
0.1142E+00

0.1142E+000.1142E+000.1142E+OOO.1142E+000.1142E+00O.1142E+OOO.1142E+OO
0.1142E+00

0.1142E+000.1142E+00
0.1294E+00

0.1294E+000.1294E+000.1294E+000.1294E+000.1294E+000.1294E+000.1294E+00
0.1294E+00

0.1294E+000.1294E+00
0.1437E+00

0.1437E+000.1437E+000.1437E+OO0.1437E+000.1437E+000.1437E+000.1437E+OO
0.1437E+00

0.1437E+000.1437E+00

0.1565E+00
0.1565E+000.1565E+000.1565E+000.1565E+000.1565E+000.1565E+000.1565E+00

0.1565E+00
0.1565E+000.1565E+00

0.1675E+00

0.1675E+000.1675E+000.1675E+000.1675E+000.1675E+000.1675E+OOO.1675E+OO
0.1675E+00

0.1675E+000.1675E+00
0.1763E+00

0.1763E+000.1763E+00O.1763E+000.1763E+OOO.1763E+OOO.1763E+OOO.1763ETOO
0.1763E+00

0.1763E+000.1763E+00
0.1827E+00

0.1827E+000.1827E+000.1827E+000.1827E+OO0.1827E+000.1827E+OOO.1827E+OO
0.1827E+OO

0.1827E+000.1827E+00
O.1867E+OO

0.1867E+OO0.1867E+00O.1867E+OOO.1867E+OOO.1867E+OOO.1867E+OOO.1867E+OO
0.1867E+00

0.1867E+000.1867E+00
0.1885E+00

0.1885E+000.1885E+OO0.1885E+OO0.1885E+OOO.1885E+OO0.1885E+OOO.1885E+OO
0.1885E+00

0.1885E+OO0.1885E+00
0.1885E+00

O.1885E+OO0.1885E+000.1885E+000.1885E+000.1885E+00O.1885E+00O.1885E+OO
0.1885E+00

O.1885E+000.1885E+00
0.1876E+00

0.1876E+000.1876E+000.1876E+000.1876E+000.1876E+000.1876E+OOO.1876E+OO
0.1876E+00

0.1876E+00O.1876E+00

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 1400 =

0.9420E-02FT/DAY( 8/30/1966)

CONCENTRATION DISTRIBUTION AT

2800.DAYS MG/l

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO_OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.2871E-02

0.2871E-020.2871E-020.2871E-020.2871E-020.2871E-020.2871E-02O.2871E-02
0.2871E-02

0.2871E-020.2871E-02
O.9511E-02

0.9511E-02O.9511E-020.9511E-020.9511E-020.9511E-020.9511E-020.9511E-02
O.9511E-02

O.9511E-020.9511E-02
0.1823E-Ol

0.1823E-010.1823E-01O.1823E-01O.1823E-010.1823E-Ol0.1823E-01O.1823E-01
O.1823E-Ol

0.1823E-Ol0.1823E-Ol
O.2767E-Ol

0.2767E-OlO.2767E-OlO.2767E -010.2767E-010.2767E-Ol0.2767E-01O.2767E-01
0.2767E-Ol

O.2767E-Ol0.2767E-Ol
0.3783E-Ol

0.3783E-OlO.3783E-010.3783E-010.3783E-OlO.3783E-010.3783E-010.3783E-01
0.3783E-Ol

O.3783E-OlO.3783E-Ol
0.4886E-Ol

0.4886E-OlO.4886E-Ol0.4886E-01O.4886E-Ol0.4886E-010.4886E-Ol0.4886E-01
O.4886E-01

O.4886E-OlO.4886E-Ol
O.6076E-01

0.6076E-010.6076E-010.6076E-010.6076E-OlO.6076E-01O.6076E-010.6076E-01
O.6076E-01

0.6076E-01O.6076E-01
0.7334E-01

O.7334E-01O.7334E-01O.7334E-OlO.7334E-OlO.7334E-01O.7334E-010.7334E-01
0.7334E-Ol

0.7334E-Ol0.7334E-01
0.8636E-Ol

0.8636E-Ol0.8636E-Ol0.8636E-Ol0.8636E-OlO.8636E-Ol0.8636E-010.8636E-01
0.8636E-01

O.8636E-010.8636E-Ol

0.9953E-Ol
0.9953E-Ol0.9953E-Ol0.9953E-01O.9953E-010.9953E-OlO.9953E-01O.9953E-01

O.9953E-Ol
0.9953E-010.9953E-Ol

0.1125E+00
0.1125E+000.1125E+000.1125E+00O.1125E+00O.1125E+OOO.1125E+OOO.1125E+OO

0.1125E+00
0.1125E+000.1125E+OO

0.1251E+00
0.1251E+000.1251E+OO0.1251E+00O.1251E+OOO.1251E+OOO.1251E+00O.1251E+OO

O.1251E+00
0.1251E+OO0.1251E+00

O.1368E+00
0.1368E+00O.1368E+OO0.1368E+00O.1368E+000.1368E+OOO.1368E+OOO.1368E+OO

0.1368E+00
0.1368E+00O.1368E+OO
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O.1475E+OO O.1475E+OOO.1475E+OOO.1475E+OOO.1475E+OO0.1475E+000.1475E+000.1475E+00
O.1475E+OO

O.1475E+OOO.1475E+00
O.1570E+OO

O.1570E+OOO.1570E+OOO.1570E+000.1570E+OO0.1570E+000.1570E+000.1570E+00
O.1570E+00

O.1570E+00O.1570E+00
O.1651E+00

0.1651E+000.1651E+000.1651E+000.1651E+000.1651E+000.1651E+000.1651E+00
O.1651E+OO

O.1651E+OOO.1651E+00
O.1717E+OO

0.1717E+OO0.1717E+000.1717E+000.1717E+000.1717E+000.1717E+000.1717E+00
O.1717E+OO

0.1717E+OO0.1717E+00
0.1772E+00

0.1772E+000.1772E+000.1772E+000.1772E+000.1772E+000.1772E+000.1772E+00
0.1772E+OO

O.1772E+OOO.1772E+00
O.1817E+00

0.1817E+00O.1817E+OOO.1817E+OO0.1817E+OO0.1817E+000.1817E+000.1817E+OO
O.1817E+OO

O.1817E+00O.1817E+OO
O.1857E+OO

O.1857E+OOO.1857E+OOO.1857E+OOO.1857E+000.1857E+OO0.1857E+00O.1857E+00
0.1857E+OO

O.1857E+OO0.1857E+00

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 1600 =

0.5594E-02FT/DAY(10/ 4/1967)

CONCENTRATION DISTRIBUTION AT

3200.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
O.2618E-02

O.2618E-02O.2618E-02O.2618E-020.2618E-020.2618E-02O.2618E-02O.2618E-02
O.2618E-02

O.2618E-02O.2618E-02
O.6308E-02

O.6308E-020.6308E-02O.6308E-02O.6308E-020.6308E-020.6308E-020.6308E-02
O.6308E-02

O.6308E-020.6308E-02
O.1111E-01

O.1111E-01O.1111E-01O.1111E-01O.1111E-01O.1111E-01O.1111E-01O.1111E-01
O.1111E-01

O.1111E-01O.1111E-01
O.1716E-01

O.1716E-01O.1716E-01O.1716E-010.1716E-01O.1716E-010.1716E-010.1716E-01
O.1716E-01

O.1716E-01O.1716E-01
O.2446E-01

0.2446E-01O.2446E-010.2446E-01O.2446E-010.2446E-01O.2446E-01O.2446E-01
O.2446E-01

O.2446E-01O.2446E-01
O.3294E-01

O.3294E-01O.3294E-01O.3294E-01O.3294E-010.3294E-010.3294E-01O.3294E-01
O.3294E-01

O.3294E-01O.3294E-01
O.4248E-01

O.4248E-010.4248E-01O.4248E-010.4248E-010.4248E-010.4248E-01O.4248E-01
O.4248E-01

0.4248E-01O.4248E-01
O.5292E-01

0.5292E-01O.5292E-010.5292E-01O.5292E-010.5292E-010.5292E-01O.5292E-01
O.5292E-01

O.5292E-010.5292E-01
O.6406E-01

0.6406E-010.6406E-010.6406E-01O.6406E-010.6406E-010.6406E-010.6406E-01
O.6406E-01

0.6406E-010.6406E-01

O.7571E-01
O.7571E-01O.7571E-010.7571E-010.7571E-010.7571E-010.7571E-010.7571E-01

O.7571E-01
O.7571E-010.7571E-01

O.8764E-01
O.8764E-01O.8764E-010.8764E-010.8764E-01O.8764E-010.8764E-010.8764E-01

O.8764E-01
O.8764E-010.8764E-01

O.9963E-01
O.9963E-01O.9963E-Ol0.9963E-Ol0.9963E-Ol0.9963E-010.9963E-01O.9963E-01

O.9963E-01
O.9963E-010.9963E-Ol

0.1114E+OO
O.1114E+00O.1114E+OOO.1114E+00O.1114E+OO0.1114E+000.1114E+000.1114E+OO

0.1114E+OO
O.1114E+OOO.1114E+OO

O.1228E+OO
O.1228E+OOO.1228E+OOO.1228E+OOO.1228E+00O.1228E+00O.1228E+000.1228E+OO

O.1228E+OO
O.1228E+000.1228E+00

0.1336E+OO
0.1336E+00O.1336E+00O.1336E+00O.1336E+OOO.1336E+00O.1336E+000.1336E+OO

O.1336E+OO
O.1336E+OOO.1336E+00

0.1436E+OO
O.1436E+OO0.1436E+00O.1436E+000.1436E+OOO.1436E+000.1436E+OO0.1436E+OO

0.1436E+OO
0.1436E+000.1436E+00

0.1528E+00
0.1528E+00O.1528E+000.1528E+000.1528E+OOO.1528E+00O.1528E+OO(J.1528E·uO

O.1528E+00
0.1528E+OOO.1528E+00

0.1611E+OO
O.1611E+000.1611E+00O.1611E+000.1611E+00O.1611E+000.1611E+OOO.1611E+OO

O.1611E+00
0.1611E+000.1611E+00

0.1687E+00
O.1687E+000.1687E+00O.1687E+000.1687E+OO0.1687E+000.1687E+00O.1687E+OO

0.1687E+00
0.1687E+OO0.1687E+00

O.1760E+00
0.1760E+OO0.1760E+000.1760E+OO0.1760E+OO0.1760E+000.1760E+000.1760E+00

0.1760E+OO
O.1760E+000.1760E+00

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 1800 =

0.2416E-02FT/DAY(11/ 7/1968)

CONCENTRATION DISTRIBUTION AT

3600.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO

O.2467E-02

O.2467E-02O.2467E-020.2467E-020.2467E-02O.2467E-020.2467E-020.2467E-02
O.2467E-02

O.2467E-020.2467E-02
0.6063E-02

0.6063E-020.6063E-020.6063E-020.6063E-02O.6063E-02O.6063E-02O.6063E-02
O.6063E-02

0.6063E-020.6063E-02
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O.1054E-01 O.1054E-01O.1054E-01O.1054E-01O.1054E-01O.1054E-01O.1054E-01O.1054E-01
O.1054E-01

O.1054E-01O.1054E-01
O.1569E-01

O.1569E-OlO.1569E-01O.1569E-01O.1569E-01O.1569E-01O.1569E-01O.1569E-01
O.1569E-01

O.1569E-01O.1569E-01
O.2156E-01

O.2156E-01O.2156E-01O.2156E-01O.2156E-OlO.2156E-01O.2156E-OlO.2156E-01
O.2156E-Ol

O.2156E-01O.2156E-01
0.2826E-01

0.2826E-010.2826E-010.2826E-010.2826E-010.2826E-010.2826E-010.2826E-01
0.2826E-01

O.2826E-01O.2826E-01
O.3581E-01

0.3581E-01O.3581E-Ol0.3581E-010.3581E-01O.3581E-010.3581E-01O.3581E-01
O.3581E-01

O.3581E-01O.3581E-Ol
O.4419E-01

O.4419E-01O.4419E-01O.4419E-OlO.4419E-OlO.4419E-OlO.4419E-010.4419E-01
O.4419E-Ol

0.4419E-OlO.4419E-Ol
O.5332E-Ol

O.5332E-OlO.5332E-OlO.5332E-OlO.5332E-OlO.5332E-OlO.5332E-010.5332E-01
O.5332E-Ol

O.5332E-OlO.5332E-Ol
O.6308E-Ol

0.6308E-OlO.6308E-01O.6308E-010.6308E-010.6308E-010.6308E-010.6308E-01
0.6308E-Ol

O.6308E-OlO.6308E-Ol
O.7330E-Ol

O.7330E-OlO.7330E-01O.7330E-01O.7330E-Ol0.7330E-Ol0.7330E-010.7330E-01
O.7330E-01

O.7330E-01O.7330E-01
O.8384E-01

O.8384E-OlO.8384E-01O.8384E-010.8384E-01O.8384E-01O.8384E-010.8384E-01
0.8384E-01

0.8384E-01O.8384E-01
O.9452E-01

0.9452E-01O.9452E-010.9452E-010.9452E-01O.9452E-Ol0.9452E-010.9452E·01
O.9452E-01

O.9452E-010.9452E-01
0.1052E+00

O.1052E+000.1052E+000.1052E+000.1052E+000.1052E+000.1052E+000.1052E+00
0.1052E+00

0.1052E+000.1052E+00
0.1157E+OO

O.1157E+000.1157E+000.1157E+00O.1157E+000.1157E+000.1157E+000.1157E+00
0.1157E+00

0.1157E+00O.1157E+00
0.1259E+OO

O.1259E+000.1259E+OOO.1259E+OO0.1259E+000.1259E+00O.1259E+000.1259E+00
0.1259E+OO

O.1259E+000.1259E+00
O.1357E+00

O.1357E+OO0.1357E+OOO.1357E+OO0.1357E+000.1357E+OO0.1357E+000.1357E+00
O.1357E+OO

O.1357E+00O.1357E+00
O.1452E+OO

O.1452E+00O.1452E+OOO.1452E+000.1452E+000.1452E+OO0.1452E+000.1452E+00
O.1452E+00

O.1452E+00O.1452E+00
0.1544E+00

O.1544E+000.1544E+OO0.1544E+OO0.1544E+000.1544E+OO0.1544E+OO0.1544E+00
O.1544E+00

O.1544E+OOO.1544E+OO
O.1635E+OO

O.1635E+OOO.1635E+000.1635E+000.1635E+000.1635E+OO0.1635E+000.1635E+00
O.1635E+OO

O.1635E+00O.1635E+OO

COMPUTED AVERAGE DAILY EVAPOTRANSPIRATION FOR TIME STEP 2000 =

0.3348E-03FT/DAY(12/12/1969)

CONCENTRATION DISTRIBUTION AT

4000.DAYS MG/L

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO
O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OO
0.1718E-02

0.1718E-020.1718E-02O.1718E-020.1718E-020.1718E-020.1718E-020.1718E-02
0.1718E-02

0.1718E-020.1718E-02
O.4326E-02

0.4326E-020.4326E-020.4326E-020.4326E-020.4326E-020.4326E-020.4326E-02
O.4326E-02

0.4326E-020.4326E-02
0.7652E-02

0.7652E-020.7652E-020.7652E-02o .7652E-020.7652E-020.7652E-020.7652E-02
O.7652E-02

0.7652E-020.7652E-02
0.1171E-Ol

0.1171E-Ol0.1171E-010.1171E-010.1171E-010.1171E-010.1171E-010.1171E-01
0.1171E-Ol

O.1171E-Ol0.1171E-Ol
O.1652E-01

0.1652E-Ol0.1652E-010.1652E-Ol0.1652E-Ol0.1652E-Ol0.1652E-010.1652E-01
0.1652E-01

O.1652E-010.1652E-01
0.2208E-Ol

O.2208E-01O.2208E-010.2208E-010.2208E-010.2208E-010.2208E-010.2208E-01
0.2208E-Ol

0.2208E-Ol0.2208E-01
O.2841E-Ol

0.2841E-Ol0.2841E-010.2841E-010.2841E-010.2841E-010.2841E-010.2841E-01
0.2841E-Ol

O.2841E-Ol0.2841E-Ol
0.3547E-01

O.3547E-010.3547E-Ol0.3547E-OlO.3547E-010.3547E-Ol0.3547E-010.3547E-01
O.3547E-Ol

0.3547E-010.3547E-Ol
O.4325E-Ol

0.4325E-01O.4325E-010.4325E-010.4325E-010.4325E-010.4325E-010.4325E-01
O.4325E-Ol

0.4325E-010.4325E-Ol
0.5166E-01

0.5166E-010.5166E-010.5166E-Ol0.5166E-010.5166E·010.5166E-010.5166E-01
0.5166E-01

0.5166E-010.5166E-01
O.6064E-01

O.6064E-01O.6064E-OlO.6064E-01O.6064E-010.6064E-01O.6064E-010.6064E-01
O.6064E-01

0.6064E-01O.6064E-Ol
O.7008E-01

O.7008E-01O.7008E-01O.7008E-010.7008E-010.7008E-010.7008E-010.7008E-01
O.7008E-01

O.7008E-01O.7008E-Ol
0.7987E-01

O.7987E-010.7987E-01O.7987E-010.7987E-010.7987E-01O.7987E-010.7987E-01
o .7987E-01

0.7987E-010.7987E-01
0.8989E-01

O.8989E-01O.8989E-010.8989E-010.8989E-010.8989E-010.8989E-01O.8989E-01
O.8989E-01

O.8989E-01O.8989E-01
O.1000E+OO

O.1000E+OOO.1000E+00O.1000E+OO0.1000E+000.1000E+OO0.1000E+000.1000E+00
0.1000E+00

O.1000E+OOO.1000E+00
0.1102E+00

O.1102E+OO0.1102E+00O.1102E+000.1102E+OO0.1102E+000.1102E+000.1102E+OO
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0.1102E+00 0.1102E+000.1102E+00
0.1203E+00

0.1203E+000.1203E+000.1203E+000.1203E+000.1203E+00

0.1203E+00
0.1203E+000.1203E+00

0.1304E+00
O.1304E+000.1304E+000.1304E+000.1304E+000.1304E+00

0.1304E+00
0.1304E+000.1304E+00

0.1403E+00
0.1403E+000.1403E+000.1403E+00 .0.1403E+000.1403E+00

0.1403E+00
0.1403E+000.1403E+00

0.1503E+00
0.1503E+000.1503E+000.1503E+000.1503E+000.1503E+00

0.1503E+00
0.1503E+000.1503E+00

*SATURATED ZONE TRANSPORT PARAMETERS*

0.1203E+00

0.1304E+00

0.1403E+00

0.1503E+00

0.1203E+00

0.1304E+00

0.1403E+00

0.1503E+00

AQUIFER VELOCITY-----------------------­
LONGITUDINAL DISPERSION COEFFICIENT----­

TRANSVERSE DISPERSION COEFFICIENT------­
HALF LENGTH SOURCE---------------------­
AQUIFER THICKNESS----------------------- =

0.2000 FT/DAY
0.5000 FT2/DAY
0.0500 FT2/DAY
5.0000 FT
10.0000 FT

FIRST ORDER DECAY·COEFFICIENT----------- = 0.0000 l/DAY
RETARDATION FACTOR---------------------- =

1.0000

TOTAL NUMBER OF X POSITIONS------------- =

7
TOTAL NUMBER OF Y POSITIONS------------- =

3
TOTAL NUMBER OF SIMULATIONS------------- =

10

FOR TIME =

500. DAYS

X FT

Y FTCONCENTRATION (ppm)
0.00

0.000.000000
0.00

5.000.000000

0.00
10.000.000000

2.50
0.000.000000

2.50
5.000.000000

2.50
10.000.000000

5.00
0.000.000000

5.00
5.000.000000

5.00
10.000.000000

10.00
0.000.000000

10.00
5.000.000000

10.00

10.000.000000
50.00

0.000.000007
50.00

5.000.000006
50.00

10.000.000005
100.00

0.000.000079
100.00

5.000.000069
100.00

10.000.000057
500.00

0.000.000000
500.00

5.000.000000
500.00

10.000.000000

FOR TIME =

1000. DAYS

X FT

Y FTCONCENTRATION (ppm)
0.00

0.000.000000

0.00
5.000.000000

0.00
10.000.000000

2.50
0.000.000000

2.50
5.000.000000

2.50
10.000.000000

5.00
0.000.000000

5.00
5.000.000000

5.00

10.000.000000
10.00

0.000.000000

10.00
5.000.000000

10.00
10.000.000000

50.00
0.000.000041

50.00
5.000.000038

50.00
10.000.000035

100.00
0.000.001665
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DISCHARGE AND CUMM. VOL. AT ~ATER TABLE

AT EVERY 200 TIME STEPS

TIME DAYS DISCHARGE CUBIC FT/DAYVOLUME CUBIC FTCUMM. VOLUME CUBIC FT

400.

0.6774E-020.1341E-010.6416E+00

800.

0.9149E-020.1838E-010.2588E+01

1200.

0.8919E-020.1790E-010.4714E+01

1600.

0.4050E-020.8239E-020.6286E+01

2000.

0.3866E-020.7867E-020.7530E+01

2400.

0.2186E-020.4409E-020.8616E+01

2800.

0.1796E-020.3615E-020.9409E+01

3200.

0.3429E-020.6932E-020.1105E+02

3600.

0.1241E-020.2499E-020.1237E+02

4000.

0.2085E-020.4170E-02O.1365E+02

46



 



 



Report - Rutgers Group

1. Introduction

This report states the progress to date of the Rutgers Research group for this project. In
Noyember of 199~ it was decided to modify the goals of the project.

A. Modifications

I. It was decided that the column studies for the phthabte esters should not be
perfomled.

2. Batch studies and column studies of the dichlorobenzenes. the :--~·Ienes.and the BTX
compounds \\'ere to be substItuted for the column studies for the phth:llatel:sters .

. B. Summary of Progress to Date

During the second year batch studies for the phthalate esters were performed. a manuscript \\;15
prepared for public;l!ion. modificl!ion of the rese:1rch goals occurred. prepar:l!ion for the
perform:1nce of the column studies occurred. d;Jt;J for :1n a!tern:1ti\'e soil-after ch:lr:lcteristic curye
were collected using a pressure plate :Ipparatus. new soil \\as collected. soil propem' anal\'ses
were collected. and a deyelopment of soil organic m;Jtter detennination modific:1tion W;15
initi:1ted.

II. Phthalate Ester Batch Studies

Batch studies were perfomled with dimethyl phth:1late ester and diethyl phthalate ester on both
the coh;Jnsey ;Jnd tOW:1CCOsoils. These batch studies coyered :1wide r:mge of liquid phase concentrations
up to the saturation concentration of dimethyl phthabte ester and diethyl phthalate ester. The resulting
isotherms showed BET like multi-byer adsorption.

At the suggestion of the grant officer a manuscript summarIzing the batch study data was
prepared. The data were an;Jlyzed uSlllg a number of different isotherm models and \\'ere fitted to these
models using a Leyingberg-\tarquardt non-linear cur\'e fittlIlg algomhm. It was noted th:1! there was a
high correlation between organic cubon coment :lIId the 101;11 amount of analyte adsorbed. The test of the
manuscript is presemed belo\\' as a summ:lry of the phthalate ester b:HCh studies. The peninem tables and
figures arc appended.

Adsorption of Phth;Jbte Esters on Soil at :---':earS:Jturatlon Conditions

by J. G. Hunter and C. G. L'chrin

Introduction

Esters of the phthalic :lCids :ue common em'ironmental contaminams which :.Ircknown C3uses of health
problems. They h:.lYCbeen implic3ted in mammalian hepatotoxicity (R:1Oet al 1993). mammali:1n
testicubr atrophy (Fukuob ct al 1993). mammalian teratogeI1lcit\' lEma et al 19')2). :1I1dpbnt toxicity
(Hemng :1I1dBering 19XX). Phth3bte esters arc em'ironment3!h' ubiquItous cont3min3nts with a \'ariety
of industrial uses including C1ITICrSfor pestiCIdes and Insect repellcms. In cosmetics fragranccs.
lubnc:1I1ts. defoaming agents ;Jnd :IS pbstIslzers (Russell and \ !cDutnc 19X6 L Howe\"Cr. little has be:::n
published concerning theIr ;Jdsorpllon beho'\"lOr.
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Esters of the phthalic acids are common environmental contaminants v•.hich are known causcs of health
problems. They haye been implicated in mammalian hepatotoxicity (Rao et alI993), mammalian
testicular atrophy (Fukuoka et al 1993), mammaliantcratogenicity (Ema ct al 1992), and plant toxicity
(Hemng and Bering 19S5). Phthalate csters arc enyironmentally ubiquitous contaminants with a yariety
of industnal uses including c:1rriers for pesticides and insect repellents. in cosmetics fragrances.
lubn;::mts. dcfoaming agents :1nd as plastisizers (Russell and McDuffie 1986). However. little has been
published concerning their adsorption behayior.

Cont:1!111nant moyement through a subsurface matrix is intimately tied to the adsorption beha\'ior of the
par1Kl1br contamin:1nt. Russell and :-'IcDuffie (1986) examined adsorption behayior for seyeral phthalic
acid esters, They concludcd that the adsorption of phthalic acid esters to soil followed a linear isothenn
type of behayior. These l!1yestigators limited their inyestigation to a rangc of conccntrations well below
satur:Jtion. Hughes (I t)t)O) also im'cstigated the adsorption bcha\'ior of seycral phthalic acid esters on soil
and found their adsorption behayior to conform with the Langmuir isothenn equation. Hughcs used

conc~ntr:ltion up to 50 % of thc saturation concentration of the phthalic :1cid esters examined.

In gen~ral there has been little attention paid to the adsorption beha\'ior of environmental contaminants
on soils at their solubility limit in water. This is of concern in cascs where non-aqueous phase liquids
(:--':PLsJ e:\ist :lI1d \\ hich can potcntially create a saturated aqueous solution in the subsurface system.
Under these conditions it is possibk to e:\periencc type II BET behavior (Brunauer et al 19-+0). which is
indic1ti\'c of multimolccl1br layer adsorption. It was decided to inyestigate two phthalic :1Cidesters
(dimethyl phthabte and diethyl phthalate) ovcr the full range of their solubilities and examine the
isotherms for the common isothcrm equ:1tions :md for two non-lincar equations. the BET isotherm
equation (Brunauer et:11 1938) and the ~Iarinas :lI1d Li (199-+) composite isotherm equation. both of
which modclmuItimolccular layer :1dsorption.

Materials and Methods

Batch studies \\'ere pcrformed to detcrminc the adsorption behavior of Dimethyl phthalate ester (Aldrich
Chcmical) and Diethyl phthalate ester (Aldrich ChemicJ!) on two soils Jt constant temperature (200 C).
Solutions wcre prepared as needed by weighing out a specific mass of the desired phthJlate ester on an
anal~ tical balancc in a hexane rinsed aluminum weighing pan and then rinsing the mass into I liter
\'olull1etric tlask uSlllg ()(J05 \1 CaCI2. The solution was gently stirred until the phthalate ester dissoh'ed
entirely. after which point the \'olumetric flask was filled to the mark using 0.005 M CaCI2.

The soils chosen were cohansey and towacco. low clay co~tent soils with respectively a small amount or
trac~ organic mattcr. Table 1 presents specific characteristics of these soils. Soil organic matter content
was d~termined by the Walkley and Black modific:ltion of the rapid dichromate oxidation technique
(1':dson :lI1d Somers I tJX2). Soils \\ere air dried and then sic\'ed through a 2 mm sie\'e. visible roots and
pebbles \\ ere removed.

A serIes of batches \\'ere prep:Hed using yarying amounts of soil and different amounts of dimethyl
phlh;ll;lte ester soluiions of differcnt concentrations, The soils were weighed into either a 50 mL Teflon
ce!1trI IU ~~ tube or a 125 mL septum vial. The centrifuge tubesi\ials with soils then had an aliquot of the
phth:il:Jte ester solution added into the \'ial using a \'olumetric pipette. After addition of the solution the
;:entrIfu~~ tube were capped with Tenon screw top caps \\ith fluoroelastomer o-rings while the \'ials were
-::o\'crcd \\lth soh'ent rinsed aluminum foil and were sealed \\ith a bU~11rubber scptum cap.
It \\ as dis-:o\'ered that there was significant adsorption of diethyl phthalatc ester by the Teflon centrifuge
tubcs. therefore it was deCided to do all the batch studies for diethyl phthalate ester in glass containers~ A
senes of batches were prcpared using \'arying amounts of soil and different amounts of solutions of
m-:rC:1S1ng conccntrations. The soils were weighed into either a 55 mL or a 125 mL septum \ial. The \'ials
\\ Ith ,ods then had an aliquot of the phthalate ester solution added into the \'ial using a \'olumetric pipettc .
.-\fter ;lddltion of the solution the \uls were covered with soh'cm rinsed aluminum foil and wcre scaled

\\·lth .1 bu\tl rubber septum C:1p.The samples were :ittachcd to shaker table and gently shaken for -+8hours.

50



The samples in the centrifuge tube were then centrifuged at 3000 rpm and a 10 mL aliquot was removed
and placed. along "ith 10 mL of hexane (pesticide grade). into 22 mL crimp top vial which was scaled
with aluminum and butyl rubber septum cap. The samples in the crimp top vials were allowed to settle
and then a 20 mL aliquot was removed :md placed into a 22 mL crimp top vial which was sealed with
aluminum and butyl rubber septum cap :md then centrifuged at 3000 rpm after which a 10 mL aliquot was
remo\'ed and placed. along with 10 mL of hexane (pesticide grade). into 22 mL crimp top \ial which was
sealed with aluminum and butyl rubber septum cap. The 22 mL crimp top vial containing the sample and
the hexane were then shaken for 15 minutes on a wrist action shaker.

After the samples were allowed to settle. aliquots of the extracts were placed into 2 mL screw top \'ials for
analysis. The extracts were then analyzed on a Hewlett-Packard model gas chromatograph according to
the procedures set forth in !'-.1cthodS()o I Phthabte Esters by Capillary Gas Chromatography with Electron
Capture Detection (GC'ECD) from USEPA Document S\V-X~6 (USEP.-\ 19<)())with a modification in
which a name ionization detector was substituted for an electron capture detector.

The equilibrium concentration of the soil fr:Jction "as calculated from the difference of the equilibrium
concentration of the liquid phase after exposure to the soil from the imtial concentration of the liquid

phase when added.

The results were fitted to the linear. Freundlich. and Langmuir Isotherm equations using both linear

regression on linearized versions of the equations and were also fitted using a Levinberg-\larquardt non­
linear curye fitting routine from the soft\\are package ,,-1athCAD (!'-.1athsoft 19<)I). The BET and :-"larinas
and Li composite Isotherm equations were fitted using the same Le\"lnberg-\1arquardt non-linear cUr\'e
fitting routine.

Results and Discussion

Isotherms were analyzed for the linear. Langmuir. Freundlich. BET. and a composite isotherm recently

proposed by \1arinas and Li (I <)<)~). Line:n regression was performed for the linear isotherm and the
linearized forms of the Langmuir. Freundlich. and BET. The equations for these isotherms are pro\'ided in
Table 2 while the fitted parameters and the r2 values are presented in Table 3. Furthermore. non-line:lr

regression was performed using a Levinberg-\1arquardt algorithm on the Langmuir. Freundlich. BET.
and \1arinas and Li isothem1s: the fitted parameters and "fit" values ;lre presented in T:lble 3. The
isotherms for the dimethyl phthalic acid ester and dieth~1 phthalic ;lCid ;lre presented in Figures I and 2
respectively. For the non-linear regression it is not fe:1slblc to calcubte r2 \'alues and thus a quantity
which \\e shall refer to as "fit" was used in pbce of r2. The "fit" is cakul:l!ed according to an equation

provided in the :v1athCAD Statistical Package. The "fit" \'atues for both the line:lrized forms and the non­
linear fitted parameters :1re pro\'ided so that there is a common basis of comparison for the various
isotherm equations.

The dimethyl phthalate isotherm d:1t:1on coh:msey soil sho\\ed a good fit (OS3X) to the line:lr isotherm
model: :l poor fit (o.·n::! for the non-linear regressed par:1meters) to the Langmuir isotherm modeL a good
fit ((Ui3S for the non-line:n regressed p:1rametcrs check) to the Freundlich isotherm modeL :1good fit to
the 1()')32 for the non-line:1f regressed parameters) BET isotherm modeL and the best fit (o.<J86) to the

\1annas :lnd Li composite model. The high fit v:llues for the BET and \brinas and Li composite models
is undoubtedly due to the BET type II adsorption e:\hibited in this isotherm (see Figure I). The BET type
II adsorption is indicatl\'e of the formation of multiple byers of adsorb:1te upon the adsorbent.

The dimethyl phth:1late on Towacco soil isotherm d:1ta sho\\ed a poor tit Ime:1ninglcss \'alue) to line:lr
isotherm model: :1poor fit (O."XI for the non-line:lr regressed p:1r:1mc!;:rs check) to the Langmuir
isotherm model: :1poor fit IC).53) for the non-linear regressed par:lme!;:fs check) to the Freundlich
isothcrm model: a poor Ilt IC).~)3 for the non-lin;::1r regressed pJral11c!·.::rsJto the BET isotherm model:
and a best tlt!O the composIte 1()573) isothem1 mod;:] \\"hik the BET type II adsorptlon e:\hibited b\' this
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isotherm (sc~ Figure 1) likely explains the best fit to the Marinas and Li composite model. the overall poor
fit of the To\yacco data to any model demands explanation. The simplest explanation is the difference in
org:mic matter between the two soil: the best "fits" overall belong to the high organic matter cohansey
while the poorest belong to the low org:mic matter towacco. If organic matter is the chief explanation for
the difTcrencc between the two soils then we should e:\-pcct this to be reflected in differences between the
adsorpuyc capacities or rates of adsorption of the two soils.

Each isothem1 has its o\yn adsorptiye capacity or rate of adsorption term. Each term for each isothem1 will
be compared for the two soils. The rate of adsorption tem for the linear isotherm is K. The linear
isolherm K is O.5! «mgikg}/(mg/L) for the cohansey soil. and is much less at 0.U7«mg/kg)/(mg/U) for
the [o\\acco soil. The capacity term for the Lmgmuir isotherm is Q. The Langmuir isotherm Q is 1108
mg.'kg tor eohansey soil. and slightly 100\er at ')()O mg/kg for the towacco soil. The pseudo-rate of
adsorpuon term for the Freundlich isotherm is also generally symbolized by K. The Freundlich isothem1
K is 5. 7( (mg.'kg)l( mg/Un) for the cohansey soil. and \'astly less at 0.0003 «mglkg)/(mgIL)n) for the
TO\\ aceo sod. The capacity term for Ihe BET isotherm. like the Freundlich. is generally symbolized by Q.
The BET isotherm Q is 282 mg.'kg for the cohansey soil. and much less at 7.8 mglkgfor the Towacco soil.
The capaeIlY term for the composite isotherm is Csl. The composite isotherm Csl is 630 mglkg for the
coh:l!1sey sod. and at 128 mg/kg is considerably less for the Towacco soil. The dimethyl phthalate ester
C1p:1CilY;1nd rate of adsorption lerms for all isolherms are uniformly higher for the cohansey soil than for
the to\\ aeeo soil. It has been shO\m (KarickofT 1<JX~) that soil organic matter is correlated to the rate of
adsorplion. These results indicate that capacity as well as rate of adsorption can be correlated to soil
organic nuller.

The diethyl phthalate isothem1 data on cohansey soil showed a good fit (0.706) to linear isotherm model:
a good fit the (0.782 for the non-linear regressed parameters) to Ihe Langmuir isotherm model: a good fit
(0.6')3 for the non-linear regressed parameters check) to Freundlich isotherm model: a good fit (tUO,) for
the non-Iine:lr regressed p:lr:lmeters) to the BET isotherm model: :lnd the best fit (0.')1)5) to the Marinas
and Li composite model. The exceptionally high fit yalue for the Marinas and Li composite model is
demonstr:ltes its strength. This isotherm docs not clearly demonstrate BET Type II behavior and has a
nearly line:u nature. The K2 term in the !\.1arinas and Li composite isotherm is an equilibrium constant
which cxpresses thc fayorability of multi-layer adsorption. Thus extremely low K2 value of ~.8 Ix 10-11
indicalcs th:lI multi-layer :ldsorplion is highly disfa\·ored.

The dicthyl phthalate isolherm data on lowacco soil showed a good fit (0.836) to linear isotherm model: a
good fil Ihe (().7,)3 for the non-linear regressed parameters check) to the Langmuir isotherm model: a
good fit (O.S:';! for the non-linear regressed parameters check) to Freundlich isotherm model: a good fit
(0.53') Cor Ihe non-line:lr regressed pawmelers) 10 the BET.isotherm model: and the best fit (0.')03) to the
\1annas and Li composile model. The Marinas and Li composite isotherm equation for diethyl phthalate
eSler on Tow;1cco soil. like Ihat for diethyl phthalate ester on cohansey soil. has an extremely low K2
\'allle (2. l5x I0-') ) again indicating that multi-layer adsorption is highly disfavored. Isotherms for diethyl
phlhal:lIe. in cOl1lrast to dimethyl phthalate. do not have uni\'ersally superior fit for cohansey soil. Indeed.
three of Ihe flye isotherms ha\'c slightly superior fits for the towacco soil. This would seem to contradict
Ihe obser\":lllon Ihat org:ll1lc matter is of central importance in the adsorption of phthalate esters by soils.
Ho\\c'.-er. the \ lannas and Li composite isotherm still provides the best fit values for both the cohansey
and to\\ :leeo soils. and of the 1\\'0 soils cohansey proyidcs the highest fit value. This would agrce with the
thesis lh:lI org:lI1ic matter is of central importance to adsorption phenomenon. To. again. test the
importJnee oi org:mic n1:ltter in the adsorption of dicthyl phthalic acid ester we again can examine the
capaellY tem1S for thc \'arious isolherms.

\\·c shall now turn eX:lminc the adsorpti\'c capacity or rate of adsorption terms for each isotherm equation
Cor Ihc :1dsorpllon oi diethyl phthalate onto the cohansey and towacco soils. The linear isotherm K is LiS
((r1lg."kg! (mg.L)) for the cohansey soil. and is much kss at 0.1 ~ (mg/kg}/(mgIL» for the towacco soil.
Thc L.1ngmuI r Isotherm Q IS 10 I~ mg/kg for cohansey soil. and much lowcr at 525 mgtkg for the towacco
soIl. The Freundlich Isolherm K is 3.13 «mgikg)/(mg.'Lm) for the cohansey soil. and vastly less at
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0.00065 «mglkg)/(mgtl.)n) for the Towacco soil. The BET isotherm Q is 171 mglkg for the cohansey soil.
and much less at 19.2 mg/kg for the Towacco soil. The composite isotherm Csl is 1210 mglkg for the
cohansey soil. and at III mg/kg is considerably less for the Towacco soil. The diethyl phthalate ester
capacity and rate of adsorption terms for all isotherms arc uniformly higher for the cohansey soil than for
the towacco soil. Thus the cap:1city and rate of adsorption terms reinforce the intcrprctation that the
amount of organic matter is of central importance in dctcrmining adsorption. If soil organic matter
beha\'cs as a organic phase into which organic compounds partition then we should expect this to be
reflected in the degree of adsorption of chemicals with differcnt degrees of polarity. The gre:lIer degree of
non-polarity of diethyl phth:1late ester is reflected in its greatly lower solubility in W:1ter (solubility of <)2S
mg.'1... Leyder and Boulanger 1<)X3)than that of dimethyl phthalate ester (solubility of .+oot) mg/I.. HO\\:1rd
et:11 1<JS5). Therefore. it should be expected th:1t the morc non-pobr compound (diethyl phthalate ester)
should be more hea\'ily adsorbcd th:1n the more pobr compound (dimethyl phthalate cster).

There :ue t\\O possible modes of comp:1ring the beha\ior of dimethyl phthal:1te ester and die:hyl phth:.Jlate

ester on the tOW:1CCO(low org:1nic ) soil: c:1p:Kity :1nd lit of the \'arious isotherm equ:1tions. Oiethyl
phthal:.1te ester pro\ided higher lit for all models th:1n did dimethyl phthalate ester. Upon eX:1mination. it
may be seen th:1t the c:1pacity terms for three of the Ii\e models are highest for diethyl phth:1late ester.
ho\\e\·er. the model which pro\ides the best lit for both esters. the \larinas and Li composite model. is
slightly higher for dimethyl phthal:lte ester.

Do the two esters beha\e in a simil:.1r way on the high organic soiL' There are. again. two possible modes
of comparison: capacity and lit of the isotherms. Oiethyl phthalate ester pro\ided higher lit for three of the
fi\'e models. howe\er dmiethyl phthalate ester pro\ided the best for the composite isothem1. Upon
examination the capacity terms for three of the Ii\e models are highest for diethyl phthabte ester.
furthermore. the model which pro\'ides the best lit for both csters. the \1arinas and Li composite model. is
much higher for diethyl phthalate ester. this suggests that diethyl phthabte ester h:1s a signific:1ntly higher
affil1lty for organic matter. This higher affinity for organic matter is probably a reflection of the decre:1sed
polarit;. of the diethyl phthalate ester molecule which \\ould incre:1se non-polar partitioning into the
organic matter (Kar;.:kotT 1<)X'+).

The composite isotherm prO\'ides the best fit in all C:1ses.This m:1Ymean that it is simply a better model of
the adsorption process. Howe\er. it should be noted that this ma~' merely retkct :111inherent mathem:ltiC11
flexibility of the Marinas and Li composite isotherm.

Conclusions

As hypothesized multi-molecular layer adsorption. :IS repn~sented by the BET type II isotherms of
dimethyl phthalic acid ester. can occur in aqueous-soIl sysrems. Furthermore. the import:1nce of soil
organic carbon h:1s been re-affirmed in this study. Finally the \Iannas :1nd Li composite isotherm has
been demonstrated to be the best o\'erall model for the adsorption of dimethyl phthalic :Kid ester and
diethyl phth:Jlic :Kid ester onto soil from aqueous solution.
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Ill. .-\nal\'1I(;11 Prep:lrations

An anal~1ical system of the analysis of the dichlorobenzenes was de\"eloped. This system has
been tested by the performance of percent reco\"ery studies ..

IV Soil Column Preparations

Prep:u:1tion for the soil column anal~'ses has been conducted. The record of programming for the
dat:l loggers had been lost and it was thus necessary to de\'elop a new set of programs for the data loggers.
The progr:lIl1I11ing of the data loggers is complete and a new computer data acquisition method
(Soft \\are\\edge By TAL Enterprises) is being tested.

V. SoIl S:1l11OIin!!And SoIl Propenies Testin!!
(performed by the Soil Testing Llboratory - New Jersey Agncultural E.\periment Station. Cook College.
Rutg·.::rs The State Uni\"ersity of Ne\\' Jersey)

The .:oh:1I1se\" soil used in the batch studies was tested. The results arc presented below:

Test0fOng1l1al Cohanse\" 1()118/,)~

SoIl pH ~.5

SoIl Org:1nlc \L1tter: 1.88

A ne'.\ b:ll.:h of .:oh:msey was obtained from the Rutgers Blueberry and Cranberry Rese:uch station. This
b:ll.:h \\ as dned :1I1dSifted and has been analyzed. along with a sample of the pre\'ious cohansey batch for
a ..-an.::\' soIl properties. The results are presented below'
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Soil Testing 2/2/95

Soil Parameters Soil pH Soil

Org:mic
t\.latter

Texture % Sand %Silt % Clav

Original
Cohansev

New Cohansev

Sand Fractions

Original

Cohansey
New Cohansey

3 ..•

3.')

0.0

0.0

2.30

% 2-1 111m

:;.0

1.0

Sand X')83

Sand

In••5

% I - 05

% 05 - 0.25% 025-%,0.10-

111m

'111mO. 10 m m0.05 n1l11

15.7

3').237.~.•.S

1').8

.... ():; l.53.6

Variability bet\\'een sampling events is inevit:1blc in soil sampling. Ho\\ever there is considerable

\'ariation in the organic content of the cohansey soil. not only bet\\'een old ;lI1d new. but ;llso between two

different analyses of the old batch. [n vie\\' of the impor1:mce of soil orgamc content in adsorption it \\as

decided to investigate this phenomenon more closely. The Soil organic matter testing invoh'es taking

relati\'ely small sample (5 gm) of soil for testing. After consultation with Dr. Harry S. :'vlotto of the Soil

Testing Laboratory - New Jersey Agricultur:d Experiment StatIOn. Cook College. Rutgers The St:l!e

University of New Jersey it is hypothesized that sampling error in taking the sub-sample is the likely cmse

of the organic matter variability. To test this samples of both the old :lIId the new cohansey arc being

ground to below 150 micrometers lby the Rutgers group). [t is belie\'ed that this will results in a more
accurate soil organic matter analysis.

VI. Soil Pressure Plate An:1l\'sis of Coh:1!1sev :md To\\·.lCCO

The cohansey and towacco soils were analY/.ed using a 5 b:lr pressure plate :Jpp:lr;ltus. The:' b:lr

pressure plate apparatus consists of pressure \'essel \\lth a porous cer:1IIJIC plate the whole of which em be

pressunzed at accurate small increments. The saturated solI samples :lre \\eighed bcrore being placed in
the unit :1nd arc weighed after each pressure setting thus yielding the mOIsture content at each given

pressure. The soil moisture retention cur\'es to be developed from this \\'111 be compared \\1th the soil
moisture retention cur\'es developed from the column studies. The results :lre presented belo\\'.

TO\\:1CCO

Pressure In B:lrs

()

0.5
() 75

I.()

1.5

2.()

:;. ()

, "'

~ 1, ,
_,'T

, II
I.S

I -
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Table 3: Summary of Isotherm Equation Parameters

Dimethyl Phthalate Ester

Diethyl Phthalate Ester
Cohansey

TowaccoCohanseyTowacco
Isotherm

LinearNon-LinearLinearNon-Linear LinearNon-linearLinearNon-linear
Parameters

RegressedRegressedRegressedRegressedRegressedRegressedRegressedRegressed
Linear K

0.50965-0.06878- 1.35-0.1417

r1

0.9878-0.4826-0.8801-0.7671

Fit
0.838--94.838- 0.706-0.836

Langmuir Q

11081108-154.9900 1014101416.8329525

K

0.0015100.002-0.0002522 0.000086970.0029690.0030.0459860.0006497

r
0.9664 0.9776.-0.9794-0.0155

Fit

0.4580.472-3.55E+030.4810.8170.782-0.6360.793
v. '-C Freundlich

11

068671.027 .1.0531.658 0.77060.8690.68301.829
K

5.72460.410.038660.000316 5.6613.1280.70690.0006497
r1

0.9480-0.8805-0.9880-0.3813

Fit
0.8070.838-68.2030.535 0.7510.6930.5090.831

BET Q

291.545282.6856.1017.783 0.007171.0950.33819.292
B

-3.85E+01102.416-5.8131.89E+18 16252.41E+1309.1586.87E+56
r'

0.9413-0.455- 0.8378-0.07343

Fit
0.6520.9320.3940.453 -1.40.709-1.3240.539

Composite K1

-14.542-3.486 -1.217-0.653

Cs1
629.982-128.388 -1.21E+03-111.048

K2
-1.20E-08-1.76E-09 -4.81E-11-2.15E-09

Cs2
-1.79E+10-2.62E+09 -7.18E+07-3.21 E+09

Fit
-0.986-0.573 -0.995-0.903
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Appendix I

Definition

= equilibrium solid phase concentration

= equlibrium liquid phase concentration

= linear isotherm coefficient

= Langmuir isotherm constant

= maximum solid phase concentration

= frcundlich isothcrm constant

= frcundlich isotherm constant

= BET isotherm constant

= Cumpositc isothcrm monolayer con­
stant

= Cumpositc isotherm monolayer maxi­
mum solid phasc conccntration

= Cumposite isothcrm multi-layer con­
stant

= Cumpositc isotherm multi-layer max­
imum solid phasc conccntration
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Isotherms for Diethyl Phthalate Ester (DEP)
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Isotherms for Dimethyl Phthalate Ester (DMP)
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