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APPENDIX A

[Cl‘] MASS BALANCE CALCULATIONS FOR STAINLESS STEEL POROUS
DISK DIFFUSION TEST
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Calculation of the available volume :

volume . . ihe source reservoir = 251.4 cm’
volume of the upper reservoir = 1,92x45.604 = 87.6 cm’

volume of the pores in disk = 24.93x0.53 = 13.21 cm’

total available volume = 352.14 cm®

Initial mass available :

[1.125(mg/mL) x [(251.4(cm*)+13.21(cm’)] = 297.7 mg

Observed equilibrium concentration = 815 mg/L
Final mass = mass recovered at the end of the test + mass removed during sampling
= 0.815 x 352.14 + 2.0x 9.14 = 287.0 + 18.28 = 305.3 mg

Percent mass recovery = Final mass / Initial mass = (305.3 / 297.7) x 100 = 102.6 %

Input data for POLLUTE :

Using program POLLUTE to calculate the diffusion coefficient of the disk, two
layers were modelled. The first layer is the layer of water in upper reservoir with the
thickness of 1.92 cm measured at the beginning of the test and porosity of 1 and a very
high diffusion coefficient. This high diffusion coefficient simulates the effect of mixing
in upper reservoir to maintain uniform concentration throughout the upper reservoir at
any time during the test. Second layer is the porous disk having the thickness of 0.3075

cm.




Layers data for this test is shown in table below:

Layer No. Diffusion Matrix Distribution Dry Layer
Coefficient Porosity Coefficient Deasity Thickness
(m?/s) (cm’/cm?) (cm¥/g) (g/cm?) (cm)
1 0.011 1 0 1.0 1.92
2 8.68x101° 0.53 0 3.475 0.3075

To take into account the effect of dilution due to replacing of sclution with distilled water
in sampling processes, the option of "fixed outflow velocity” was chosen as the bottom
boundary condition in POLLUTE. Fixed outflow velocity at the base is defined by:
Landfill length = 7.938 cm
Landfill width = 6.234cm
Base thickness = 5.08 cm
Base porosity = 1.0
Outflow velocity = 0.0673 cm/s
Removed mass due to sampling is taken into account by introducing the base landfill
dimensions and also base outflow velocity which is calculated as follows:
Base outflow velocity = (volume of sample x sampling times) / (base width x base
thickness x duration of the test)

As the shape of the base (source reservoir) is cylindrical, a rectangular prism

having the length equal to the diameter of the source reservoir and the width selected to

give an equivalent volume in the source reservoir.
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DESCRIPTION OF CHEMICAL TESTS USED FOR QUANTITATIVE

MINERALOGICAL ANALYSIS
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{NaCl] SOLUTION PREPARATION AND ANALYSIS
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1. NaCl SOLUTION PREPARATION

The NaCi solution is prepared by pouring 3.294 g NaCl mass into a 2000 mL
flask and adding de-ionized distilled water up to the mark. The resulting solution will
have 1000 mg/L CI' concentration. To prepare a solution with 2000 mg/L CI

concentration, the amount of NaCl mass should be doubled.

2. ANALYSIS OF CHLORIDE SOLUTIONS

Solutions were analyzed for their chloride content by using a multipurpose
potentiometer (701A digital pH/mV meter). Using a series of standard solutions with
chloride concentrations ranging from 0.25 mg/L to 1500 mg/L, a calibration curve is
constructed on scmi-logarithmic paper. Electrode potentials of standard solutions are
measured and plotted on the linear axis against their concentrations on the log axis.
More than 3 points is normally needed to accurately construct a calibration curve.
C: ibration must be checked in every 3 to 5 sample readings. To prepare samples for
measurements, 25 mL diluted sample is transferred into a 100 mL beaker and 0.5 mL
ISA solution (ionic strengthening) is added. The electrodes then rinsed and dried and
placed in the sample. The sample stirred and millivolt reading was recorded when it was
stable. The concentration was then determined from calibration curve. If during a

reading it was noticed that the calibration had changed, a new calibration (as described

above) should be established and used.
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A SAMPLE OF CHLORIDE MASS BALANCE CALCULATIONS IN DIFFUSION
TESTS




TEST # D2

Soil .
Porosity = 0.364
Thickness = 13.1 cm

[CI'] background concentration = 0.005 mg/mL

Initial
a - In soil pore water :
Mass = soil porosity x soil thickness (cm) x 1 (unit area, cm?) x soil
background concentration (mg/mL)
Mass = 0.364 x 13.1 x 1 x 0.005 = 0.0238 mg
b - In source reservoir :
c, = 1.275 mg/mL
Mass = reservoir normalized height (cm) x 1 (unit area, cm?) x initial source
concentration (mg/mL)
Mass = [251.37(reservoir volume)/45.604(soil cross-section)]x1.0x1.275 = 7.03 mg

INITIAL MASS = a + b = 0.0238 + 7.03 = 7.0538 mg

Final mass
a - In soil pore water :

¥ mass = ¥ [slice thickness (cm) x porosity x 1 (unit area, cm’) x slice pore water

concentration (mg/mL)])
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slice # Slice Thickness Porosity Pore Water Concn. Pore Water Mass
(cm) (cm’/cm?) (mg/mL) (mg)
1 1.55 0.364 0.0035 0.00019
2 1.60 0.364 0.0047 0.00027
3 1.60 0.364 0.0021 0.00119
4 1.60 0.364 0.0149 0.00870
5 1.60 0.364 0.0610 0.03550
6 1.60 0.364 0.1858 0 10820
7 1.60 0.364 0.4201 0.24470
8 1.95 0.364 0.6180 0.43900
9 (disk) 0.3075 0.53 0.792 0.129

¥ mass =0.9664mg
b - In source reservoir
Mass = final source reservoir concentration (mg/mL) x normalized sotution height
{cm) x 1 (unit area, cm?)
Mass = 0.9625 x 5.51 x 1.0 = 5.303 mg
¢ - Mass removed due to sampling:
Mass = (volume removed / soil cross-section) x 1 (unit area, cm®) x average source
reservoir concentration for the period of the test (mg/mL)
Mass = [(12 x 2.15) / 45.604] x 1.0 x 1.119 = 0.633 mg

TOTAL FINAL MASS = a + b + ¢ = 0.9664 + 5.303 + 0.633 = 6.902 mg

PERCENT MASS RECOVERY = TOTAL FINAL MASS / TOTAL INITIAL MASS

= 6.902/7.054 = 0.978 OR97.8 %
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A SAMPLE OF CHLORIDE MASS BALANCE CALCULATIONS IN
ADVECTION-DIFFUSION TESTS




TEST # AD3

Soil X
a - Clayey silt :

Volumetric moisture content = 0.28-0.314 cm®/cm’
Thickness = 5.1 cm

[C1] background concentration = 0.123 mg/mL

b - Fine sand :
Volumetric moisture content = 0.303-0.363 cm®/cm’
Thickness = 10.1 cm

[CI'] background concentration = 0.005 mg/mL

Initial
a - In clayey silt pore water :
Mass = soil porosity x soil thickness (cm) x 1 (unit area, cm?) 1 soil
background concentration (mg/mL)
Mass = 0.305x4.93x1x0.123 = 0.185 mg
b - In fine sand pore water :
Mass = 0.328 x 10.1 x 1.0 x 0.005 = 0.0166 mg
¢ - In source reservoir :
¢, = 1.66 mg/mL

Mass = reservoir height (cm) x 1 (unit area, cm?) x initial source
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concentration (mg/mL)
Mass = 29x 1.0x 1.66 = 4.814 mg
d - In receptor reservoir :

Mass = 5.51 x 0.00075 = 0.0041 mg

TOTAL INITIALMASS =a+ b +c¢c +d = 0.185 + 0.0166 + 4.814 + 0.00413

= 5.01 mg

Einal mass

a - In clayey silt pore water :

¥ mass = ¥ [slice thickness (cm) x volumetric moisture content x 1 (unit area, cm?)

x slice pore water concentration (mg/mL)]

slice # Slice Thickness Porosity Pore Water Concn. Pore Water Mass
(cm) (cm*/cm?) (mg/mL) (mg)

1.27 0.314 0.836 0.333
1.27 0.303 0.748 0.287
1.26 0.295 0.666 0.247
1.30 0.280 0.564

¥ mass =1.073 mg




b - In fine sand pore water :

slice # Slice Thickness Porosity Pore Water Concn. Pore Water Mass
(cm) (cm’/cm?) (mg/mL) (mg)
1 1.60 0.303 0.399 0.193
2 1.65 0.318 0.317 0.166
3 1.65 0.330 0.282 0.153
4 1.60 0.326 0.195 0.102
5 1.55 0.330 0.134 0.068
6 2.05 0.363 0.074 0.055
7(disk) 0.3075 0.530 0.057 0.009

e emercen--.---

Tmass = 0.747 mg
¢ - In source reservoir :
Mass = final source reservoir concentration (mg/mL) x solution height (cm) x 1 (unit
area, cm?)
Mass = 0.794 x 2.7x 1.0 = 2.14 mg
d - In receptor reservoir :
Mass = final receptor reservoir concentration (mg/mL) x normalized solution height
(cm) x 1 (unit area, cm?)
Mass = 0.0406 x 5.51 x 1.0 = 0.224 mg
¢ - Mass removed due to sampling :
e.1 From source reservoir :
Mass = (volume removed / soil cross-section) x 1 (unit area, cm®) x average source
reservoir concentration for the period of the test (mg/mL)
Mass = [(15x2.25)/45.604] x 1.0x 1.11 = 0.82 mg

e.2 From receptor reservoir :

Mass = (volume removed / soil cross-section) x 1 (unit area, cm?) x average receptor




reservoir concentration for the period of the test (mg/mL)
Mass = [(13 x 2.25) / 45.604] x 1.0 x 0.01325 = 0.0085 mg
Total mass removed = ¢ =e.1 + e.2 = 0.82 + 0.0085 = 0.8285 mg
TOTAL FINALMASS =a+b+c+d+e=1073 +0.747 + 2.14 + 0.224 +

0.8285 = 5.01

PERCENT MASS RECOVERY = TOTAL FINAL MASS / TOTAL INITIAL MASS

=5.01/5.01 =1.00r 100 %
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INCREMENTAL ANALYSIS FOR TESTS AD10 AND ADI1




incremental analysis for Tests AD10 and AD11

The analysis was performed by using the "Variable Properties” option in
POLLUTEvV6. The analysis started by selecting one time period and using the initial
source concentration (c,) and source solution height (H(t=0)). After performing the

analysis for one time period (say At=25 days) the following hand calculations were made

to caiculate the new source solution height (Hf=25)) and the concentration (c'(t=25))

based on conservation of mass, and recognising that POLLUTE assumes that the
advective flow out of the reservoir is being rcplaced by distilled water:

Initial source solution height at time zero : Hfr=0) = 12.0 cm

Initial source solution concentration at time zero : ¢, = 1930 mg/L

Calculated source concentration at 25 days (by POLLUTE) : c(t=25) = 1764
mg/L

Calculated change in source solution height at 25 days : AHt=25) = Arv, =
25(days) x 0.0048(cm/day) = 0.12 cm

New source solution height at 25 days : H{r=25) = H{t=0) - AHt=25) = 12.0
-0.12 = 11.88 cm

Adjusting factor to calculate the expected source solution concentration at 25 days
: A = H=0)/Ht=25) = 12/11.88 = 1.01

The expected source solution concentration at 25 days = ¢ '(r=25) = c(t=25) x
A =1764 x 1.01 = 1782 mg/L. It should be noted that this adjustment is made
to correct for the dilution that POLLUTE had assumed had occurred over this
time period which, in fact had not occurred.

The s2cond run was performed using two time period. ‘'~ POLLUTE (i.e., 0-25, 25-50
days) and using c'(t=25)=1782 mg/L and Hyt=25)=11.88 cm for predicting the

concentration between 25 and 50 days. The value of H,and c(r=50) were then adjusted




as described above. The analysis was repeated in an incremental manner by increasing
the time periods in each run until the time of the first dilution in the source reservoir
(i.e, 177 days). At this time the water level in the source reservoir was increased to
almost the original water level. This change in the water level was added to the last
calculated H, value and the volume of the source solution after first dilution was
calculated. The available contaminant mass in the source reservoir before dilution was
calculated knowing the concentration and the volume of the source solution before
dilution and hence could be used to find the new source concentration after the dilution.
The analysis proceeded in an incremental manner using the newly calculzted H, and
concentration, up to the next dilution time at which the entire process described above
was repeated. This cycle continued until the end of the test.

It is noted that if the loss of fluid due to flow into the soil had been continuously
replaced by distilled water, the height of leachate, H, would have remained constant and
the test could have been easily modelled using the "Finite Mass" option in POLLUTE.
In fact if this procedure is adopted one gets a good "average” estimate of the change in
concentration with time as shown in Figs. F1 and F2. However to more accurately
model the actual experimental procedure it is necessary to adopt the incremental
procedure described above. When this is done, the agreement between POLLUTE and

the experimental data is excellent as is a'so evident from Figs. F1 and F2.
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CALCULATION OF THE THICKNESS OF THE STONE WITH VOID SPACE
EQUIVALENT TO THE VOLUME OF THE INTRUDED SOIL IN INTRUSION
TESTS #6 & 7




SU8

A - Test Number 6 ;

Dry weight of the intruded soil = 1600 g

Water content of the intruded soil = 23.6 %

Porosity of the stone = 0.449

Specific gravity of the soil solids = 2.77

Porosity of the intruded soil : n = WG, / (1 + wG)

n = 0.236x2.77 / (1 + 0.236x2.77)= 0.395

Void ratio of the intruded soil : e =n/ (1 -n) =0.395/ (1 - 0.395) = 0.653

Dry density of the intruded soil : py = G,.p,,/ (1 + €)

pg = 2.77x1/ (1 + 0.653) = 1.68 g/cm®

Surface area beneath the smaller cylinder : A, = 320.5

Volume of the intruded soil : V, = M, / p, = 1600 / 1.68 = 955 cm’

Thickness (T,) of sione with void space equivalent to the volume of intruded soil

considering only stone directly beneath the smaller cylinder :

T, = Vg / (NA) = 955 / (0.449 x 320.5) = 6.64 cm




Dry weight of the intruded soil = 1630 g

Water content of the intruded soil = 24.8 %

Porosity of the stone = 0.449

Specific gravity of the soil solids = 2.77

Porosity of the intruded soil : n = wG, / (1 + wG)

n = 0.248x2.77 / (1 + 0.248x2.77) = 0.407

Void ratio of the intruded soil : ¢ = n/ (1 - n) = 0.687
Dry density of the intruded soil : p; = G,.0./ (1 + €)

ps = 2.77x1/ (1 + 0.687) = 1.64 g/cm’

Volume of the intruded soil : V,, = M,/ p, = 1630/ 1.64 = 993 cm®

Thickness (T,) of stone with void space equivalent to the volume of intruded soil
considering only stone directly beneath the smaller cylinder :

Ty = Vu/ (nA) = 993/ (0.449 x 320.5) = 6.9 cm
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